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1 Introduction

In addition to the different steps of internal quality control, the participation in external quality
control measures like interlaboratory studies and especially proficiency tests is of utmost
importance. Proficiency testing schemes are particularly suited to assess the analytical
performance of laboratories. This particular interlaboratory study is divided in two parts. The
sunshine test and the proficiency test.

2 Pre-Trial (Sunshine Test)

A so called “Sunshine” sample was distributed to interested laboratories before the main
proficiency test was initiated. The aim of the “sunshine” sample was to pre-evaluate the
laboratory efficiency and the method performance by the participants themselves. Since the
approximate content of acrylamide was known and the results have been published quickly
after closing date the laboratories were enabled to estimate their own performance. This
“sunshine” test was designed to be an exercise for the laboratories exclusively.

The test material was already dispatched in July 2002. Each participant received 75 g
sample of crisp bread test material in a plastic bag. With the sample the laboratories received
also the information that the sample contains between 400-500 µg/kg acrylamide. The
submission of results to the BgVV was voluntary.

47 sets of test materials were shipped to laboratories in eight different countries (35
Germany, 5 Swiss, 2 USA, 1 Austria, 1 India, 1 Oman, 1 Dubai, 1 Botswana). 34 laboratories
sent back results to the BgVV. The results are given in Table 1.

Table 1: Results of the sunshine test. Concentration of acrylamide in the sunshine sample

Lab µg/kg Lab µg/kg
1 * 989 24 407
2 474 25 462
4 446 26 517
5 469 27 484
6 546 28 525
7 490 29 479
8 493 31 421

11 439 32 430
12 * 631 33 436
14 490 34 * 200
15 * 350 36 426
16 490 37 470
17 447 38 * 81
19 496 40 * 4785
20 484 41 * 1162
21 501 45 468
23 463 46 490

* Extreme deviations according to Pearson [1]

Each laboratory was requested to estimate very critically its own performance and for
modification of the analysis in case of questionable results.

After removing extreme values by applying the tolerance limits of Pearson (95%) [1] basic
statistics were calculated on the remaining results.
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Table 2: Statistics of the sunshine sample

Total number
of results

„Outlier“ Number of
accepted values

Mean in
µg/kg

Standard deviation
in µg/kg

Relative standard
deviation in %

34 7 27 472 32,4 6,9

The results of the “sunshine test” were found to be encouraging for the conduction of the
main proficiency test. Almost all laboratories which participated in the sunshine test took part
in the main PT. Since some laboratories changed their methods of analysis and in the
meanwhile some new laboratories wanted to participate and others did not submit results for
the main trial, no pre-selection of laboratories for the main PT was done based on the results
of the sunshine sample.

3 Proficiency Test

In September 2002, sample material was distributed to 47 laboratories, 34 of which sent
back their results before the15th of November.

The organisation of the interlaboratory study and the statistical evaluation of the results were
performed according to internationally recognised guidelines [2]. For that purpose a statistical
software package obtained from quo data GmbH [3, 4] was used.

4 Participants

The order of the laboratories is random and not identical with the lab-code numbers.

Fraunhofer Institut Verfahrenstechnik und
Verpackung
Giggenhauser Straße 35
D-85354 Freising

Nestle Research Center
S. Riediker Group 65 P.O. Box 44
Vers.-Chez-Les-Blanc
1000 Lausanne 26
Switzerland

Chemisches und Veterinäruntersuchungsamt
Sigmaringen
Hedinger Str. 2/1
D-72488 Sigmaringen

Chemische Untersuchungsamt der Stadt Hagen
Pappelstr. 1
D-58099 Hagen

Bundesforschungsanstalt für Ernährung,
Haid- und Neustrasse 9
D-76131 Karlsruhe

TU Berlin
Gustav-Meyer-Allee
D-13355 Berlin

Landesuntersuchungsamt Bremen
St. Jürgenstr. 1
D-28205 Bremen

Deutsche Forschungsanstalt
für Lebensmittelchemie
Lichtenbergstr. 4
D-85748 Garching

LCI - Lebensmittelchemisches Institut des
Bundesverbandes der Deutschen Süßwarenin-
dustrie e.V.
Adamsstr. 52-54
D-51063 Köln

Bundesanstalt für Getreide-, Kartoffel-, und
Fettforschung (BAGKF)
Institut für Lipidforschung
Piusallee 68/76
D-48147 Münster

Kantonales Labor Zürich
Fehrenstrasse 15
CH-8030 Zürich

Landesuntersuchungsanstalt Sachsen
Reichenbachstr. 71/73
D-01217 Dresden
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Lebensmittelinstitut Braunschweig
Dresdenstr. 2 und 6
D-38124 Braunschweig

Institut Nehring GmbH
Bismarkring 7
D-38102 Braunschweig

Handels- und Umweltschutzlaboratorium
Dr. Wiertz - Dipl.-Chem. Eggert - Dr. Jörissen (WEJ
GmbH)
Stenzelring 14 b
D-21107 Hamburg

Bayerisches Landesamt für Gesundheit und
Lebensmittelsicherheit
Außenstelle Erlangen
Henkestr. 9-11
D-91054 Erlangen

Landerveterinär- u. Lebensmitteluntersuchungsamt
Mecklenburg Vorpommern
Thierfelderstr. 18
D-18059 Rostock

Chemisches und Veterinäruntersuchungsamt
Stuttgart
Schaflandstr. 3/2
D-70736 Fellbach

Bundesamt für Gesundheit Abt.
Lebensmittelwissenschaft
Schwarzenburgstr. 165, Liebefeld
CH-3003 Bern
Switzerland

Landesuntersuchungsamt
Institut für Lebensmittelchemie und
Arzneimittelprüfung
Emy-Roeder-Str. 1
D-55129 Mainz

IGV Institut für Getreideverarbeitung GmbH
Arthur-Scheunert-Allee 40/41
D-14558 Bergholz-Rehbrücke

Deutsches Institut für Lebensmitteltechnik e.V. (DIL)
Prof.-v.-Klitzing-Str. 7
D-49610 Quakenbrück

Procter & Gamble
6071 Center Hill Ave
Cincinnati OH 45224
USA

Staatliches Untersuchungsamt Hessen
Standort Wiesbaden Abt. XI
Hasengartenstr. 24
D-65189 Wiesbaden

Chemische Landes-und Staatlichen
Veterinäruntersuchungsamt Münster
Sperlichstrasse 19
D-48151 Münster

Unilever Bestfoods Schweiz Savoury Lead
Laboratory Bahnhofstrasse 19
CH-8240 Thayngen
Switzerland

Sofia GmbH
Rudower Chaussee 29
Im IGZ/OWZ Adlershof
D-12489 Berlin

Institut Fresenius Chemische und Biologische
Laboratorien AG
Im Maisel 14
D- 65232 Taunusstein

Head of Food & Environment Laboratory
Dubai Municipality P.O.Box 7463
Dubai U.A.E.

IUQ Dr. Krengel GmbH, NL Potsdam
Konsumhof 1-5
D-14482 Potsdam

Director Food Research & Analysis Centre
federation House, tansen Marg, New Dehli-110 001
INDIA

Staatliches Untersuchungsamt Hessen Standort
Kassel Druseltalstrasse 67
D-34131 Kassel

UFAG Laboratorien AG
Kornfeldstrasse 4
CH-6210 Sursee
Switzerland

NAFU Labor
GmbH & Co. KG
Haynauerstrasse 67 a
D-12249 Berlin

5 Objective

The Interlaboratory Study was designed in accordance with the International Harmonised
Protocol for the Proficiency Testing of Chemical Analytical Laboratories (ISO/REMCO N 280)
[2], jointly elaborated by ISO, IUPAC and AOAC.

The laboratories had to analyse the samples for their possible contents of acrylamide by
applying their internal routine methods, irrespective to sample amounts, sample preparation
procedures, detection techniques and the number of replicates.
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The participants were provided with forms to state the analytical parameters and to indicate
the results. The results had to be returned using exclusively the provided forms, which had to
be filled in completely. The results had to be supported by meaningful raw data, e.g.
chromatograms. The participants were requested to report the results of all parallel analyses
without calculating the mean value.

Furthermore, the participants were asked to provide information by compiling a provided form
on their methods including sample pre-treatment, sample preparation and detection, in order
to assess the test results in relation to the respective analytical methods. Comments on the
applied way of identification of the detected acrylamide and on the applied quality measures
had to be added.

6 Sample Material

6.1 Production

Sample material was provided by a private German laboratory. The material was split into
portions of approximately 50 g in plastic bags which were stored at –18 °C in a fridge. Table
3 provides an overview of the samples for the Proficiency Test.

Table 3: Samples

Sample A Sample B Sample C Sample D Sample E Sample F
Mashed Potato Cocoa Crisp bread Butter biscuit Mashed Potato Crisp bread
highly
contaminated

identical with
sample F

Blank identical with
sample C

Note: Sample C and sample F are identical. Sample A has been obtained “in house” by
treating material of sample E under extreme laboratory conditions in order to produce
artificially high acrylamide contents.

6.2 Homogeneity

Homogeneity was tested by analysing five or ten randomly selected bags of each sample in
duplicate. The obtained means and standard deviations for each sample and analyte are
given in Table 4.

Table 4: Results of the homogeneity study

n Concentration

[µg/kg]

STD
analytical

(Sa)
[µg/kg]

STD
between

(Ss)
[µg/kg]

Horwitz
STD

[µg/kg]

Quotient
SS/Horwitz STD

 (< 0.3)

Sample A 20 10679 428 328 1196 0.274

Sample B 10 629 47 31 108 0.289

Sample C/F 20 206 18.2 9.0 42 0.215

Sample D 10 630 19 23 108 0.213

Sample E Blank - - - - -
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Sa is the analytical standard deviation calculated from the two parallel determinations. Ss is
the standard deviation occurring between the samples (bags) [2].
The test for sufficient homogeneity was effected by comparing SS with the Horwitz standard
deviation [5, 6] in accordance with the International Harmonised Protocol for the Proficiency
Testing of (Chemical) Analytical Laboratories [2]. The standard deviation between the
samples (SS) should be at least 3 times smaller than the Horwitz standard deviation from the
mean (SS/Horwitz S < 0.3). Recently a slightly higher quotient of < 0.4 was proposed and
would be accepted for sufficient homogeneity [7]. However, the quotient (SS/Horwitz S) was
smaller than 0.3 for all samples.

Additionally the homogeneity of the sample material was checked by the Analysis of
Variance (ANOVA) using the same set of data. It was confirmed that for all samples the
variance within and between the samples is statistically not distinguishable.

6.3 Stability

In order to ensure the stability of the samples and to prove that the analyte content did not
change for the leading time of the proficiency test, samples of the single test portions were
taken from the predefined storage (cold or frozen ≤  4°C ) in defined intervals. From each
sample bag two parallel determinations were carried out.
The results, which are shown in Table 5, indicate that the stability of the samples and analyte
was sufficient for the duration of the proficiency test. Taking into account the analytical
variance, no significant change at all could be observed during the storage.

Sample A Sample B Sample       C
 and Sample F

Sample D Sample E

Mashed Potatoes Cocoa Crisp Bread Biscuits made
with butter

Mashed Potatoes
Blank

Storage time
after shipment

Acrylamide
[µg/kg]

Acrylamide
[µg/kg]

Acrylamide
[µg/kg]

Acrylamide
[µg/kg]

Acrylamide
[µg/kg]

07 days 11622 594 206 663 -

14 days 11973 646 279 710 -

30 days 10162 562 320 704 -

60 days 8645 743 201 556 -

90 days 13798 1138 304 665 -

mean 11240 737 270 660 -

Table 5: Stability study (the results are the means of two parallel determinations)

6.4 Shipment

Approximately 50 g of each sample were filled into plastic bags and stored at –18 °C until
dispatch. The samples were shipped to the laboratories by express mail taking a maximum
of two days. The addressed laboratories had to check the condition the samples were in. It
was confirmed that all the samples arrived.



BfR PT Acrylamide 10/2002 Page 8 of 20

BfR

7 Statistical Evaluation

7.1 z-score

The interlaboratory study was evaluated according to the International Harmonised Protocol
for the Proficiency Testing of (chemical) Analytical Laboratories [2] jointly elaborated by ISO,
IUPAC and AOAC. This protocol determines that for the quantitative results of the
laboratories, the z-scores must be calculated according to the following equation:

z-score  =  
x X−

σ

x : laboratory result
X : assigned value
σ : target value for standard deviation

The advantage of the z-score determination is that it provides a standardised value allowing
to compare the results both within one interlaboratory study and between different
interlaboratory studies irrespective of the concentration of the analyte [3, 8].

In the case of a normal distribution, the probability of the absolute value of z not exceeding
the value 2 is approximately 95 %. It is therefore sensible to establish the value 2 as a
“quality limit” for the underlying measurements [2, 3]. Assuming a “well-behaved analytical
system”, the ISO protocol offers the following classification:

| z | ≤ 2 satisfactory
2 < | z | ≤ 3 questionable
| z | > 3 unsatisfactory

For the calculation of the z-scores two pivotal values must be determined: the target
standard deviation and the assigned mean value.

•  The assigned mean value is normally calculated as the mean of the laboratory
results, from which outliers were eliminated previously. Alternatively, if robust
statistics are applied, all values are considered, weighed by a certain factor. If
certified reference material is used, the assigned value can really be an assigned
value, employing the value that was certified in a study carried out previously. The
classical elimination of outliers by statistical test procedures, as described in the
DIN 38402 A 42 and ISO 5725 protocols for the calculation of z-scores, requires
normally distributed data. If the data of a proficiency test are not normally
distributed, a so-called robust calculation of the mean is recommended by [2] and
was performed here. The model used was the calculation according to Huber (Q-
Method) [3, 4].

•  The target standard deviation strongly affects the sharpness of the evaluation. In
proficiency testing, the target standard deviation was often determined in ring
tests carried out previously, which were specially designed for the validation of
methods. The concept of the free choice of method applied in this particular study,
however, requires different target standard deviations. The protocol for the
proficiency testing of analytical laboratories [2] describes the possibility of deriving
the target standard deviation from general models of precision, such as the
“Horwitz curve” [5, 6]. This is only a recommendation and in fact for example
within the analysis of pesticides in the EU the use of the real standard deviation is
established in proficiency testing. This seems to be in particular justified if a
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reasonable number of laboratories participate, which have also a known expertise
in a certain field of analysis. For the calculation of z-scores of this proficiency
test the observed standard deviation calculated by robust estimates has
been taken. However the z-scores calculated with the Horwitz-standard deviation
as target were calculated also and are given in the ANNEX.

7.2 Laboratory results (x)

The final results of the participants having performed a quantitative examination, or – if
parallel analyses were performed – the outlier-free mean value of these parallel
determinations, were used as laboratory results (x).

7.3  Assigned value (X)

The so-called ‘assigned value’ (X) was obtained by calculating the Q-Huber estimator (see
7.5) of the results of all laboratories meeting the following criteria:

1. a quantitative examination had been performed
2. the result lay above the method’s limit of determination as indicated by the laboratory,
3. the results were accepted although the method was not validated or, respectively,

validation data were not provided.
The data and measurement results of the laboratories used to determine the assigned values
are given in the ANNEX for each sample.

7.4 General model of prediction: Target value for the standard deviation (σ)

The target value for the standard deviation (σ) was determined according to the Horwitz
Function [5, 6]:

σ = 0,02 c 0,8495,

where c is the mean value of the proficiency test samples expressed as a power of ten (e.g.
1 µg/kg = 10-9).

7.5 Statistical parameters

The ISO protocol recommends the use of robust statistical methods since in the case of
interlaboratory studies, normally distributed data cannot be expected and outliers which
cannot be reasonably eliminated anymore with the help of classical outlier tests may occur
[9]. It is an advantage of robust estimators that outliers do not need to be eliminated because
they only play a minor or no role at all in the calculation of the parameters. Furthermore,
robust procedures can be applied to data which are not normally distributed.

In the case of normally distributed data, the arithmetic mean is used as an estimate for the
true value, whereas the standard deviation is used as an estimate for the scatter. Since an
χ2-test on normal distribution demonstrated that the results of more than one sample were
not normally distributed, robust estimates like the Q-Huber estimation as an estimate for the
real value and Qn

 [8, 10] as a robust precision parameter were used for the assessment of
the data of this interlaboratory study.
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7.5.1 Calculation of the assigned value

The calculation of the target value was done according to the Q-Huber estimation. In fact this
is a kind of mix of the median and the arithmetic mean [3, 4].

7.5.2 Calculation of sR

SR = Reproducibility standard deviation

sR = Qn ⋅⋅⋅⋅ (x1, ....,xJ) = cJ ⋅⋅⋅⋅ 2.22194 ⋅⋅⋅⋅ {|xr - xs|; r ≠ s}(k)

where k
h J

=
�

�
�
�

�
�

�

�
�

�

�
�≈2 2 4   and  [ ]h J= +/ 2 1

cJ is a correction factor for small amounts of samples, J is the number of laboratories and
[J/2] denotes the integer part of J/2 [4, 8, 10].
Thus Qn corresponds to the lower quartile of the absolute differences of all the pairs of
measured values. With regard to the relative coefficient of variation, an equivalent robust
parameter CVR was used to compare the scatter of the measurement values.

7.5.3 Calculation of CVR

CVR = Relative standard deviation (coefficient of variance)

CV s
X

=
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8 Summary of the methods

Table 6 summarises the analytical methods and their characteristics.

Table 6: Methods of analysis (LOD = limit of detection, LOQ = limit of quantification, Br =
bromination, IS = internal standard)

Lab
Code

Sample LOD
[µg/kg]

LOQ
[µg/kg]

Method Technique

1 A
B
C
D
E
F

70
30
30
20
20
20

200
90
90
60
60
60

Extraction ASE: DCM/ethanol
Clean Up: Water extraction
IS: D3-Acrylamide

LC-MS/MS

2 A
B
C
D
E
F

20
50
20
20
20
20

50
100
20
50
50
50

Extraction: Water
Clean Up: De-fatting/Carrez
IS: D3-Acrylamide

LC-MS/MS

5 A
B
C
D
E
F

15
20
15
15
15
15

30
50
30
30
30
30

Extraction: Water/enzyme
Clean Up: Carrez
Derivatisation: Br
IS: D3-Acrylamide

GC-MS

6 A
B
C
D
E
F

Extraction: Water
Clean Up: De-fatting
Derivatisation
IS: D3-Acrylamide

GC-MS

7 A
B
C
D
E
F

5
5
5
5
5
5

Extraction: Water/i-propanol
Clean Up: De-fatting
IS: D3-Acrylamide, methacrylamide,
butyramid

GC-MS (CI)

8 A
B
C
D
E
F

100
100
100
100
100
100

Extraction: Water
Clean Up: De-fatting, SPE, Carrez
IS: D3-Acrylamide

LC-MS/MS

11 A
B
C
D
E
F

10
10
10
10
10
10

30
30
30
30
30
30

Extraction: Water
Clean Up: De-fatting/Carrez
IS: D3-Acrylamide

LC-MS/MS

12 A
B
C
D
E
F

10
10
10
10
10
10

30
30
30
30
30
30

Extraction: Water
Clean Up: De-fatting/Carrez
Derivatisation: Br
IS: D3-Acrylamide

GC-MS

14 A
B
C
D
E
F

25
25
25
25
25
25

75
75
75
75
75
75

Extraction: Water/1-propanol
Clean Up: De-fatting
IS: D3-Acrylamide

GC-MS (CI)
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15 A
B
C
D
E
F

Extraction: Methanol/water
IS: methacrylamide

GC-MS

16 A
B
C
D
E
F

70

70
70

70

100

100
100

100

Extraction: methanol
Clean Up: De-fatting
IS: methacrylamide

GC-MS

17 A
B
C
D
E
F

20
20
20
20
20
20

30
30
30
30
30
30

Extraction: Water/aceton
Clean Up: De-fatting
Derivatisation: Br
IS: D3-Acrylamide, methacrylamide,

GC-MS

18 A
B
C
D
E
F

10
10
10
10
10
10

30
30
30
30
30
30

Clean Up: De-fatting
Extraction: Water/acetonitrile
Clean Up: Carrez
IS: D3-Acrylamide

LC-MS/MS

19 A
B
C
D
E
F

30
30
30
30
50
30

60
60
60
60

100
60

Extraction: Water
Clean Up: De-fatting, Carrez, re-
extraction with ethyl acetate
IS: D3-Acrylamide

GC-MS

20 A
B
C
D
E
F

154
300
40
30

180
40

550
1000
130
100
550
130

Extraction: Water
Clean Up: SPE
IS: 13C3-Acrylamide

LC-MS/MS

21 A
B
C
D
E
F

Extraction: Methanol/water
Clean Up: Carrez
Derivatisation: Br
IS: Dimethylacryamid

GC-MS

22 A
B
C
D
E
F

20
20
10
10
20
10

40
40
20
20
40
20

Extraction: Water
Clean Up: De-fatting, Carrez
SPE: Si with water
IS: D3-Acrylamide

LC-MS/MS

24 A
B
C
D
E
F

10
10
10
10
10
10

40
40
40
40
40
40

Extraction: Water
Clean Up: De-fatting, Carrez
IS: methacrylamide

GC-MS (CI)

25 A
B
C
D
E
F

2
2
2
2
2
2

for LC-
MS/MS

5
5
5
5
5
5

for LC-
MS/MS

Extraction: ASE: ACN/water
Clean Up: De-fatting, SPE with ethyl
acetate
IS: D3-Acrylamide

LC-MS/MS
GC-MS
GC-MS (HR)



BfR PT Acrylamide 10/2002 Page 13 of 20

BfR

26 A
B
C
D
E
F

60
60
60
60
60
60

90
90
90
90
90
90

Extraction: Water
Clean Up: Enzyme treatment amylase,
Carrez
External standard

LC-LC-DAD

27 A
B
C
D
E
F

30
30
30
30
30
30

Extraction: Water/propanol
Clean Up: freezing
IS: D3-Acrylamide, methacrylamide

LC-MS/MS

28 A
B
C
D
E
F

15
15
15
15
15
15

50
50
50
50
50
50

Extraction: Water
Clean Up: De-fatting, extraction with
ethyl acetate
IS: 13C-Acrylamide

LC-MS

29 A
B
C
D
E
F

10
30
10
10
10
10

30
100
30
30
30
30

Extraction: Water
Clean Up: De-fatting, Carrez,
SPE: MF18 with water
IS: D3-Acrylamide

LC-MS/MS

30 A
B
C
D
E
F

Extraction: Water
Clean Up: De-fatting
IS: D3-Acrylamide

LC-MS/MS

31 A
B
C
D
E
F

Extraction: 1-propanol
Clean Up: De-fatting
IS: D3-Acrylamide

GC-MS (CI)

32 A
B
C
D
E
F

25
25
25
25
25
25

50
100
100
50
50

100

Extraction: Water
Clean Up: Carrez, de-fatting, extraction
with ethyl acetate
IS: D3-Acrylamide

GC-MS

33 A
B
C
D
E
F

20

20
20
20
20

50

30
30
30
30

Extraction: Water/n-propanol
Clean Up: De-fatting
IS: D3-Acrylamide

LC-MS/MS

36 A
B
C
D
E
F

10

10

10
10

35

35

35
35

Extraction: Water
Clean Up: De-fatting, SPE with ethyl
acetate
IS: 13C3-Acrylamide

GC-MS (CI)

37 A
B
C
D
E
F

30
40
30
30
30
30

Extraction: Water/1-propanol
Clean Up: Carrez
IS: D3-Acrylamide, methacrylamide

LC-MS/MS
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40 A
B
C
D
E
F

10
10
25
25
10
25

50
50
60
60
50
60

Extraction: Water
Clean Up: De-fatting
Derivatisation: Br
External standard

GC-ECD

41 A
B
C
D
E
F

250

250

750

750

Extraction: Water
Derivatisation: Br
External standard

GC-MS

44 A
B
C
D
E
F

5
5
5
5
5
5

10
10
10
10
10
10

Extraction: ASE: DCM/ethanol
Re-extraction with water
External standard

LC-MS/MS

45 A
B
C
D
E
F

10
10
10
10
10
10

20
20
20
20
20
20

Extraction: Water
Clean Up: De-fatting, Carrez
Derivatisation: Br
IS: D3-Acrylamide

GC-MS

46 A
B
C
D
E
F

25
25
25
25
25
25

50
50
50
50
50
50

Extraction: Water
Clean Up: SPE with ethyl acetate
IS: D3-Acrylamide

GC-MS

Extraction
•  Water (19 Labs, 56 %)
•  Water/Alcohol (8 Labs, 24 %)
•  Organic solvents (8 Labs, 24 %)
•  SPE (7 x) and ASE (3 x)

Clean Up
•  De-fatting (23 Labs, 68 %)
•  Carrez-clearing (15 Labs, 44 %)
•  Freezing (1 Lab, 3 %)
•  Re-extraction (1 Lab)

Chromatography/detection
LC (47 % LC)

•  14 laboratories LC-MS/MS
•  1 laboratories LC-MS
•  1 laboratories LC-LC-DAD

GC (53 % GC)
•  17 laboratories GC-MS of which

•  5 applied CI
•  8 laboratories used derivatisations (7x Br)

•  1 laboratory GC-ECD
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9 Results

Laboratory 15 and 40 have been excluded completely for the evaluation of this proficiency
test, because both found very high concentrations of acrylamide in sample E (blank) and
their results of the other samples differed unacceptable from the target values.
Implementation of these two labs led to a significant alteration of the precision parameters
even with robust evaluation, falsifying the outcome of this proficiency test. It must be
assumed that these laboratories have not quantified acrylamide with their respective
methods of analysis.

For a detailed overview of the results of the analyses of the participating laboratories please
see ANNEX. Laboratory 25 submitted as results means obtained by different techniques of
analysis.

9.1 Mean and standard deviation

The individual laboratory results are given in the ANNEX.

Table 7: Summary of the results

Sample Assigned val.
(Q-Huber)

[µg/kg]

SR

[µg/kg]

CVR

%

Target CVR

%

Min.
tolerance

limit*
[µg/kg]

Max.
tolerance

limit*
[µg/kg]

Horwitz

%

Horrat
ratio
<2

Sample A 7286 1866,3 25,6 25,6 3553,4 11018,4 11,9 2,2
Sample B 215,2 124,1 57,7 57,7 -32,9 463,3 20,2 2,8
Sample C 183,9 51,5 28,0 28,0 81,0 286,0 20,6 1,4
Sample D 531,8 102,4 19,3 19,3 327,0 736,6 17,6 1,1
Sample E
Sample F 181,8 49,4 27,2 27,2 83,1 280,6 20,7 1,3

* = IZI ≤ 2

The ranges of tolerance are calculated for a z-score between –2 and 2. The Horrat ratio [11],
which is the quotient of the obtained SR and the predicted standard deviation (Horwitz), is
one criterion for the acceptability of an analytical method during its assessment [12]. A value
of < 2 indicates an acceptable method. For the evaluation of proficiency tests with free choice
of method, this ratio gives a certain indication of the performance levels of the laboratories. If
the Horrat ratio exceeds 2, the scatter of the quantitative results is unacceptably high,
especially when considering that robust methods were applied for the mathematical analysis.
The observed Horrat ratio is smaller than 2, almost in all cases, indicating a reproducibility
standard deviation around the Horwitz prediction, so that in can be concluded that the
quantification of the analyte was performed in agreement with the Horrat criterion.

Most of the laboratories found sample E to be free of analyte (22 of 34 labs below their LOD
or LOQ). Some labs found quite high concentrations (3 of 31 labs > 100 µg/kg) and should
therefore check their system of analysis for cross contamination.



BfR PT Acrylamide 10/2002 Page 16 of 20

BfR

9.2 Z-scores

The individual results of the laboratories are given in the ANNEX. Z-scores calculated with
the Horwitz-standard deviation as target were calculated also and are given also in the
ANNEX.

9.2.1 Differentiated evaluations of the results

It is not the aim of a proficiency test to figure out the “most suitable” method of analysis but
because here information is available on the applied methods (see Table 6) a dedicated
evaluation was performed in order to find indications for differences between the methods.
Essentially for such a comparison are a reasonable number of results in each selected group
to be distinguished. Since the applied methods are very different in terms of the path of
analysis e.g. extraction, clean-up, chromatography, detection, only two comparisons were
made.

•  An evaluation was made by distinguishing the results by the measurement method
applied, either GC or HPLC.

•  Another approach was to test the influence of the solvent of the basic extraction,
which was divided in aqueous and non-aqeous. Mixtures of water and alcohol or
other organic solvents (acetone, acetonitrile) were assigned to the non-aqueous
group.

The statistical approach for such a comparison is the Analysis of Variance (ANOVA) that has
been applied on the appropriate set of data. Null hypothesis was always that the variance
within the two groups and the variance between the two groups is not distinguishable
statistically. The outcome of the ANOVA is the test value F that has to be compared with the
critical value F (table value) for the chosen probability of 95 %. If the test value < critical
value than the null-hypothesis is confirmed. The probability P gives the probability factor in
the scale from 0-1 for the confirmation of the null-hypothesis. Here if it is < 0.05 than the test-
value exceeds also the table-value (critical F-value).
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Table 8: Summary of results of the laboratories for all samples indicating the
chromatography/detection and the mode of the basic extraction.

Lab Basic Lab
Mean

Lab
Mean

Lab
Mean

Lab
Mean

Lab
Mean

Lab
Mean

Method extraction [µg/kg] [µg/kg] [µg/kg] [µg/kg] [µg/kg] [µg/kg]
A B C D E F

1 LC-MS/MS non-aqueous 6380 320,0 115,0 580,0 23,0 175,0
2 LC-MS/MS aqueous 8028 <100 136,0 519,0 <20 128,5
5 GC-MS aqueous 5912 151,0 165,5 615,5 <30 162,0
6 GC-MS aqueous 11500 E 2225,0 E 395,0 E 35,0 E 151,5 229,0
7 GC-MS (CI) non-aqueous 7500 250,0 190,0 580,0 20,0 165,0
8 LC-MS/MS aqueous 8295 <100 216,7 654,0 <100 216,3

11 LC-MS/MS aqueous 7540 206,0 124,0 458,0 <30 142,0
12 GC-MS aqueous 8430 53,0 271,0 620,3 62,0 181,7
14 GC-MS (CI) non-aqueous 7618 129,9 174,7 464,5 <25 178,1

15* GC-MS non-aqueous 41200 8500,0 5850,0 9850,0 45200,0 5900,0
16 GC-MS non-aqueous 7220 456,0 150,0 495,0 <LOD 165,0
17 GC-MS non-aqueous 5407 315,0 157,0 328,5 <20 158,5
18 LC-MS/MS non-aqueous 8100 143,3 156,7 546,7 20 156,7
19 GC-MS aqueous 8327 158,0 277,0 579,0 87,0 338,3 E
20 LC-MS/MS aqueous 8773 <300 156,0 469,0 <180 152,0
21 GC-MS non-aqueous 8860 194,0 522,0 <40 188,0
22 LC-MS/MS aqueous 3513 E 69,0 148,7 437,7 <20 83,7
24 GC-MS (CI) aqueous 4796 92,2 96,0 355,0 <10 138,6

25* LC-MS/MS
GC-MS
GC-MS (HR)

non-aqueous 6891 127,0 129,0 411,0 7,0 131,0

26 LC-LC-DAD aqueous 8210 128,0 181,5 643,0 <60 170,5
27 LC-MS/MS non-aqueous 2252 E 225,0 208,0 512,5 <30 226,0
28 LC-MS aqueous 8991 159,5 247,0 642,5 <50 179,5
29 LC-MS/MS aqueous 8493 <150 180,0 614,0 <20 188,5
30 LC-MS/MS aqueous 8826 106,0 213,7 612,3 72,7 238,0
31 GC-MS (CI) non-aqueous 11316 E 299,0 196,0 561,5 916,0 201,0
32 GC-MS aqueous 8615 248,3 231,7 585,0 72,7 260,3
33 LC-MS/MS non-aqueous 1965 E n.a. 38,0 142,5 E 40,0 34,0 E
36 GC-MS (CI) aqueous 6478 172,5 170,5 581,5 <40 246,5
37 LC-MS/MS non-aqueous 2464 E 220,7 213,0 508,0 <30 225,7

40* GC-ECD aqueous 614 4644,0 2319,0 408,0 1866,0 6475,0
41 GC-MS aqueous n.a. n.a. 620,5 n.a. n.a. 394,0
44 LC-MS/MS non-aqueous 3770 580,0 E 155,0 605,0 215,0 140,0
45 GC-MS aqueous 7376 3227,5 E 247,7 637,3 <20 206,0
46 GC-MS aqueous 8410 200,0 170,0 500,0 <50 230,0

* = Lab excluded; n.a. = not analysed; E = IzI > 2

In Table 8 the relevant information is given, whether a laboratory applied GC or HPLC and
how the basic extraction was performed. Apart from Lab 15 and 40 also Lab 25 was
excluded from this evaluation because its results are means obtained by different methods.
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9.2.2 GC/HPLC

Table 9: ANOVA GC/HPLC with all valid data (Lab 25 was excluded for this calculation).

Sample n
Labs

Mean
(µg/kg)

Variance
(µg/kg)

CV
%

Test value (F) Probability Critical
F- value

A GC 15 7851 3539195 24,0
HPLC 15 6373 7423064 42,7 2,987 0,095 4,196

B GC 14 569,8 883707 165,0
HPLC 10 215,8 21477 67,9 1,377 0,253 4,301

C GC 15 205,7 5050 34,5
HPLC 14 175,1 1579 22,7 2,014 0,167 4,210

D GC 15 497,3 24664 31,6
HPLC 15 529,6 16538 24,3 0,379 0,543 4,196

F GC 15 203,2 2635 25,3
HPLC 15 163,8 3053 33,7 4,103 0,052 4,196

Table 10: ANOVA GC/HPLC with reduced number of laboratories, only if IZI score ≤ 2 (SR
found). (Lab 25 was excluded for this calculation).

Sample n
Labs

Mean
(µg/kg)

Variance
(µg/kg)

CV
%

Test value
(F)

Probability Critical
  F- value

A GC 13 7304 1694647 17,8
HPLC 11 7764 2276290 19,4 0,645 0,431 4,301

B GC 12 210,4 12288 52,7
HPLC 9 175,3 5739 43,2 0,664 0,425 4,381

C GC 14 192,2 2486 25,9
HPLC 14 175,1 1579 22,7 1,011 0,324 4,225

D GC 14 530,4 8944 17,8
HPLC 14 557,3 5460 13,3 0,703 0,409 4,225

F GC 14 193,6 1334 18,9
HPLC 15 163,8 3053 33,7 2,889 0,101 4,210

All test values are smaller than the table values (critical F-value), what implies that there is
no statistically significant difference of the results obtained applying GC or HPLC.
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9.2.3 Basic extraction Aqueous/ non-aqueous

Table 11: ANOVA: Basic extraction aqueous/non-aqueous, with all valid data. (Lab 25 was
excluded for this calcuation).

Sample n
Labs

Mean
(µg/kg)

Variance
(µg/kg)

CV
%

Test value (F) Probability Critical
 F- value

A aqueous 18 7806,2 3101253 22,6
non-aqueous 13 6134,0 8005265 46,1 4,114 0,052 4,183

B aqueous 14 514,0 919917 186,6
non-aqueous 11 278,7 19622 50,3 0,645 0,430 4,279

C aqueous 18 201,5 4933 34,8
non-aqueous 12 169,9 968 18,3 2,142 0,154 4,196

D aqueous 18 531,0 22576 28,3
non-aqueous 13 481,3 16032 26,3 0,938 0,341 4,183

F aqueous 18 194,0 3473 30,4
non-aqueous 13 164,9 2379 29,6 2,108 0,157 4,183

Table 12: ANOVA: Basic extraction aqueous/non-aqueous, with reduced number of
laboratories only if IZI score ≤ 2 (SR found). (Lab 25 was excluded for this calculation).

Sample n
Labs

Mean
(µg/kg)

Variance
(µg/kg)

CV
%

Test value (F) Probability Critical
  F- value

A aqueous 17 7589 2392158 20,4
non-aqueous 8 6857 2648866 23,7 1,180 0,289 4,279

B aqueous 12 145,3 3396 40,1
non-aqueous 9 262,1 9993 38,1 11,356 0,003 4,381

C aqueous 17 190,2 2765 27,7
non-aqueous 11 173,6 882 17,1 0,901 0,351 4,225

D aqueous 17 560,2 7706 15,7
non-aqueous 11 518,5 5742 14,6 1,669 0,208 4,225

F aqueous 17 185,5 2312 25,9
non-aqueous 12 167,7 2482 29,7 0,929 0,344 4,210

Sample B (cocoa powder) showed significant differences for the consideration of the
laboratories with IZI score ≤ 2. In contradiction to the other samples the extraction with non-
aqueous solvent as first step led to almost the double amount of acrylamide (262 µg/kg and
145 µg/kg).  This clearly demonstrates that the basic extraction significantly effects the
final result found for some matrices, here cocoa.
Since almost all laboratories used isotopically labelled internal standards it is obvious that the
distribution of the analyte in the sample is different from the distribution of the internal
standard that is achieved by spiking and mixing. So particularly the extraction procedure
seems to be a crucial step for the analysis of acrylamide for some matrices. In addition it can
be concluded that the fat/water distribution of the matrix affects the extraction and analysis.
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10 Discussion and Conclusions

Apart from providing a laboratory assessment, this proficiency test has also shown that the
quality of the analysis of acryamide is depending on the matrix. Good results were found for
crisp bread and butter biscuits, still acceptable results for mashed potatoes.

Analysis of cocoa powder showed some problems. The robust calculated reproducibility
standard deviation exceeds 2.8 times the Horwitz standard deviation, so the Horrat criterion
has not been fulfilled for this matrix. In addition the mode of the basic extraction, aqueous or
non-aqueous was found to be affecting significantly the results of analysis.
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Sample A (Mashed potatoes)

Lab Basic Lab Mean Lab SD n Z-score
Method extraction [µg/kg] [µg/kg] SR found SR  Horwitz

1 LC-MS/MS non-aqueous 6380 -0,485 -1,048
2 LC-MS/MS aqueous 8028 252 4 0,397 0,858
5 GC-MS aqueous 5912 106 2 -0,736 -1,589
6 GC-MS aqueous 11500 424 2 2,258 E 4,875 E
7 GC-MS (CI) non-aqueous 7500 0,115 0,248
8 LC-MS/MS aqueous 8295 207 3 0,541 1,168

11 LC-MS/MS aqueous 7540 439 5 0,136 0,294
12 GC-MS aqueous 8430 817 3 0,613 1,323
14 GC-MS (CI) non-aqueous 7618 168 4 0,178 0,384
15 GC-MS non-aqueous 41200 * 19375 2
16 GC-MS non-aqueous 7220 -0,035 -0,076
17 GC-MS non-aqueous 5407 245 2 -1,007 -2,174 E
18 LC-MS/MS non-aqueous 8100 346 3 0,436 0,942
19 GC-MS aqueous 8327 139 4 0,558 1,204
20 LC-MS/MS aqueous 8773 458 2 0,797 1,720
21 GC-MS non-aqueous 8860 0,843 1,821
22 LC-MS/MS aqueous 3513 583 3 -2,021 E -4,364 E
24 GC-MS (CI) aqueous 4796 219 4 -1,334 -2,880 E
25 LC-MS/MS

GC-MS
GC-MS (HR)

non-aqueous 6891 -0,212 -0,457

26 LC-LC-DAD aqueous 8210 57 2 0,495 1,069
27 LC-MS/MS non-aqueous 2252 30 2 -2,698 E -5,824 E
28 LC-MS aqueous 8991 49 2 0,913 1,972
29 LC-MS/MS aqueous 8493 852 4 0,647 1,396
30 LC-MS/MS aqueous 8826 98 3 0,825 1,782
31 GC-MS (CI) non-aqueous 11316 180 2 2,159 E 4,662 E
32 GC-MS aqueous 8615 78 2 0,712 1,538
33 LC-MS/MS non-aqueous 1965 233 2 -2,851 E -6,156 E
36 GC-MS (CI) aqueous 6478 154 2 -0,433 -0,935
37 LC-MS/MS non-aqueous 2464 197 3 -2,584 E -5,578 E
40 GC-ECD aqueous 614 *
41 GC-MS aqueous n.a.
44 LC-MS/MS non-aqueous 3770 778 2 -1,884 -4,067 E
45 GC-MS aqueous 7376 84 2 0,048 0,104
46 GC-MS aqueous 8410 0,602 1,300

* = Lab excluded; n.a. = not analysed; E = IzI > 2

Assigned value 7285,9 µg/kg
SR 1866,3 µg/kg
CVR 25,6 %
Number labs. 31

Found Horwitz
SR Target 1866,3 864,4 µg/kg
CVR Target 25,6 11,9 %
lower tolerance limit |Z|<2,000 3553,4 5557,1 µg/kg
upper tolerance limit |Z|<2,000 11018,4 9014,7 µg/kg
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Sample B (Cocoa)

Lab Basic Lab Mean Lab SD n Z-score
Method extraction [µg/kg] [µg/kg] SR found SR  Horwitz

1 LC-MS/MS non-aqueous 320,0 0,845 2,416 E
2 LC-MS/MS aqueous <100 <LOQ
5 GC-MS aqueous 151,0 12,7 2 -0,517 -1,480
6 GC-MS aqueous 2225,0 106,1 2 16,201 E 46,333 E
7 GC-MS (CI) non-aqueous 250,0 0,281 0,803
8 LC-MS/MS aqueous <100 <LOQ

11 LC-MS/MS aqueous 206,0 18,2 5 -0,074 -0,212
12 GC-MS aqueous 53,0 -1,307 -3,739 E
14 GC-MS (CI) non-aqueous 129,9 4,8 4 -0,688 -1,967
15 GC-MS non-aqueous 8500,0 * 3535,5 2
16 GC-MS non-aqueous 456,0 1,941 5,552 E
17 GC-MS non-aqueous 315,0 14,1 2 0,805 2,301 E
18 LC-MS/MS non-aqueous 143,3 15,3 3 -0,579 -1,656
19 GC-MS aqueous 158,0 11,6 4 -0,461 -1,318
20 LC-MS/MS aqueous <300 <LOD
21 GC-MS non-aqueous n.a.
22 LC-MS/MS aqueous 69,0 11,3 2 -1,174 -3,359 E
24 GC-MS (CI) aqueous 92,2 7,4 4 -0,991 -2,835 E
25 LC-MS/MS

GC-MS
GC-MS (HR)

non-aqueous 127,0 -0,711 -2,033 E

26 LC-LC-DAD aqueous 128,0 1,4 2 -0,703 -2,010 E
27 LC-MS/MS non-aqueous 225,0 9,9 2 0,079 0,226
28 LC-MS aqueous 159,5 0,7 2 -0,449 -1,284
29 LC-MS/MS aqueous <150 <LOD
30 LC-MS/MS aqueous 106,0 5,0 3 -0,88 -2,517 E
31 GC-MS (CI) non-aqueous 299,0 45,3 2 0,676 1,932
32 GC-MS aqueous 248,3 14,2 3 0,267 0,764
33 LC-MS/MS non-aqueous n.a.
36 GC-MS (CI) aqueous 172,5 7,8 2 -0,344 -0,984
37 LC-MS/MS non-aqueous 220,7 3,8 3 0,044 0,126
40 GC-ECD aqueous 4644,0 *
41 GC-MS aqueous n.a.
44 LC-MS/MS non-aqueous 580,0 0,0 2 2,941 E 8,410 E
45 GC-MS aqueous 3227,5 27,6 2 24,282 E 69,445 E
46 GC-MS aqueous 200,0 -0,122 -0,350

* = Lab excluded; n.a. = not analysed; E = IzI > 2

Assigned value 215,18 µg/kg
SR 124,05 µg/kg
CVR 57,7 %
Number labs 25

Found Horwitz
SR Target 124,05 43,37 µg/kg
CVR Target 57,7 20,2 %
lower tolerance limit |Z|<2,000 -32,92 128,43 µg/kg
upper tolerance limit |Z|<2,000 463,29 301,94 µg/kg



Labor

12 22 24 30 25 26 14 18 5 19 28 36 46 11 37 27 32 7 31 17 1 16 44 6 45

  

µg
/k

g

600

550

500

450

400

350

300

250

200

150

100

50

0

-50

-100

Probe: Kakao

Toleranzgrenze

Toleranzgrenze

Labor

12 22 24 30 25 26 14 18 5 19 28 36 46 11 37 27 32 7 31 17 1 16 44 6 45

  

Z-
Sc

or
e

4

3

2

1

0

-1

-2

-3

Probe: Kakao

Sample B (cocoa powder)
ANNEX PT Acrylamid



ANNEX PT Acrylamide

BfR

Sample C (Crisp bread)

Lab Basic Lab Mean Lab SD n Z-score
Method extraction [µg/kg] [µg/kg] SR found SR  Horwitz

1 LC-MS/MS non-aqueous 115,0 -1,339 -1,815
2 LC-MS/MS aqueous 136,0 0,8 4 -0,930 -1,262
5 GC-MS aqueous 165,5 7,8 2 -0,357 -0,484
6 GC-MS aqueous 395,0 8,5 2 4,103 E 5,562 E
7 GC-MS (CI) non-aqueous 190,0 0,119 0,161
8 LC-MS/MS aqueous 216,7 13,2 3 0,637 0,864

11 LC-MS/MS aqueous 124,0 18,2 5 -1,164 -1,578
12 GC-MS aqueous 271,0 24,0 2 1,693 2,295 E
14 GC-MS (CI) non-aqueous 174,7 4,6 4 -0,179 -0,243
15 GC-MS non-aqueous 5850,0 * 1202,1 2
16 GC-MS non-aqueous 150,0 -0,658 -0,893
17 GC-MS non-aqueous 157,0 2,8 2 -0,522 -0,708
18 LC-MS/MS non-aqueous 156,7 5,8 3 -0,529 -0,717
19 GC-MS aqueous 277,0 22,6 2 1,81 2,453 E
20 LC-MS/MS aqueous 156,0 -0,542 -0,735
21 GC-MS non-aqueous 194,0 0,197 0,267
22 LC-MS/MS aqueous 148,7 16,0 3 -0,684 -0,928
24 GC-MS (CI) aqueous 96,0 7,5 4 -1,708 -2,315 E
25 LC-MS/MS

GC-MS
GC-MS (HR)

non-aqueous 129,0 -1,066 -1,446

26 LC-LC-DAD aqueous 181,5 10,6 2 -0,046 -0,063
27 LC-MS/MS non-aqueous 208,0 8,5 2 0,469 0,635
28 LC-MS aqueous 247,0 1,227 1,663
29 LC-MS/MS aqueous 180,0 7,1 2 -0,075 -0,102
30 LC-MS/MS aqueous 213,7 6,5 3 0,579 0,785
31 GC-MS (CI) non-aqueous 196,0 4,2 2 0,236 0,319
32 GC-MS aqueous 231,7 8,1 3 0,929 1,259
33 LC-MS/MS non-aqueous 38,0 **
36 GC-MS (CI) aqueous 170,5 4,9 2 -0,26 -0,353
37 LC-MS/MS non-aqueous 213,0 10,5 3 0,566 0,767
40 GC-ECD aqueous 2319,0 *
41 GC-MS aqueous 620,5 <LOQ 34,6 2
44 LC-MS/MS non-aqueous 155,0 7,1 2 -0,561 -0,761
45 GC-MS aqueous 247,7 9,5 3 1,240 1,681
46 GC-MS aqueous 170,0 -0,270 -0,366

* = Lab excluded; ** another determination below the limit of quantification; n.a. = not analysed; E = IzI > 2

Assigned value 183,88 µg/kg
SR 51,46 µg/kg
CVR 28,0 %
Number labs 30

Found Horwitz
SR Target 51,46 37,95 µg/kg
CVR Target 28,0 20,6 %
lower tolerance limit |Z|<2,000 80,96 107,97 µg/kg
upper tolerance limit |Z|<2,000 286,02 259,79 µg/kg
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Sample D (Butter biscuit)

Lab Basic Lab Mean Lab SD n Z-score
Method extraction [µg/kg] [µg/kg] SR found SR  Horwitz

1 LC-MS/MS non-aqueous 580,0 0,470 0,515
2 LC-MS/MS aqueous 519,0 20,8 4 -0,125 -0,137
5 GC-MS aqueous 615,5 2,1 2 0,817 0,894
6 GC-MS aqueous 35,0 4,2 2 -4,851 E -5,310 E
7 GC-MS (CI) non-aqueous 580,0 0,470 0,515
8 LC-MS/MS aqueous 654,0 21,7 3 1,193 1,306

11 LC-MS/MS aqueous 458,0 62,6 5 -0,721 -0,789
12 GC-MS aqueous 620,3 34,5 3 0,864 0,946
14 GC-MS (CI) non-aqueous 464,5 3,5 3 -0,658 -0,720
15 GC-MS non-aqueous 9850,0 * 5161,9 2
16 GC-MS non-aqueous 495,0 -0,360 -0,394
17 GC-MS non-aqueous 328,5 7,8 2 -1,985 -2,173 E
18 LC-MS/MS non-aqueous 546,7 5,8 3 0,145 0,159
19 GC-MS aqueous 579,0 19,4 4 0,461 0,504
20 LC-MS/MS aqueous 469,0 0,0 2 -0,613 -0,672
21 GC-MS non-aqueous 522,0 -0,096 -0,105
22 LC-MS/MS aqueous 437,7 19,1 3 -0,919 -1,006
24 GC-MS (CI) aqueous 355,0 10,0 4 -1,727 -1,890
25 LC-MS/MS

GC-MS
GC-MS (HR)

non-aqueous 411,0 -1,180 -1,291

26 LC-LC-DAD aqueous 643,0 21,2 2 1,086 1,188
27 LC-MS/MS non-aqueous 512,5 33,2 2 -0,189 -0,207
28 LC-MS aqueous 642,5 30,4 2 1,081 1,183
29 LC-MS/MS aqueous 614,0 12,7 2 0,802 0,878
30 LC-MS/MS aqueous 612,3 5,1 3 0,786 0,861
31 GC-MS (CI) non-aqueous 561,5 10,6 2 0,290 0,317
32 GC-MS aqueous 585,0 34,0 3 0,519 0,568
33 LC-MS/MS non-aqueous 142,5 31,8 2 -3,802 E -4,161 E
36 GC-MS (CI) aqueous 581,5 65,8 2 0,485 0,531
37 LC-MS/MS non-aqueous 508,0 20,9 3 -0,233 -0,255
40 GC-ECD aqueous 408,0 *
41 GC-MS aqueous n.a.
44 LC-MS/MS non-aqueous 605,0 49,5 2 0,715 0,782
45 GC-MS aqueous 637,3 5,5 3 1,030 1,128
46 GC-MS aqueous 500,0 -0,311 -0,340

* = Lab excluded; n.a. = not analysed; E = IzI > 2

Assigned value 531,83 µg/kg
SR 102,41 µg/kg
CVR 19,3 %
Number labs 31

Found Horwitz
SR Target 102,41 93,56 µg/kg
CVR Target 19,3 17,6 %
lower tolerance limit |Z|<2,000 327,01 344,71 µg/kg
upper tolerance limit |Z|<2,000 736,64 718,94 µg/kg
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ANNEX PT Acrylamide

BfR

Sample E (Mashed potatoes)

Lab Basic Lab Mean Lab SD n
Method extraction [µg/kg] [µg/kg]

1 LC-MS/MS non-aqueous 23,0 <LOQ
2 LC-MS/MS aqueous <20 <LOD
5 GC-MS aqueous <30 <LOQ
6 GC-MS aqueous 151,5 9,2 2
7 GC-MS (CI) non-aqueous 20,0
8 LC-MS/MS aqueous <100 <LOQ

11 LC-MS/MS aqueous <30 <LOQ
12 GC-MS aqueous 62,0 <LOQ
14 GC-MS (CI) non-aqueous <25 <LOD
15 GC-MS non-aqueous 45200,0 * 19092 2
16 GC-MS non-aqueous <LOD
17 GC-MS non-aqueous <20 <LOD
18 LC-MS/MS non-aqueous 20 <LOQ
19 GC-MS aqueous 87,0 14,1 4
20 LC-MS/MS aqueous <180 <LOD
21 GC-MS non-aqueous <40 <LOD
22 LC-MS/MS aqueous <20 <LOD
24 GC-MS (CI) aqueous <10 <LOD
25 LC-MS/MS

GC-MS
GC-MS (HR)

non-aqueous 7,0

26 LC-LC-DAD aqueous <60 <LOD
27 LC-MS/MS non-aqueous <30 LOQ
28 LC-MS aqueous <50 <LOQ
29 LC-MS/MS aqueous <20 <LOQ
30 LC-MS/MS aqueous 72,7 3,1 3
31 GC-MS (CI) non-aqueous 916,0 39,6 2
32 GC-MS aqueous 72,7 11,0 3
33 LC-MS/MS non-aqueous 40,0
36 GC-MS (CI) aqueous <40 <LOQ
37 LC-MS/MS non-aqueous <30 <LOQ
40 GC-ECD aqueous 1866,0 *
41 GC-MS aqueous n.a.
44 LC-MS/MS non-aqueous 215,0 21,2 2
45 GC-MS aqueous <20 <LOQ
46 GC-MS aqueous <50 <LOQ

* = Lab excluded; n.a. = not analysed



ANNEX PT Acrylamide

BfR

Sample F (Crisp bread)

Lab Basic Lab Mean Lab SD n Z-score
Method extraction [µg/kg] [µg/kg] SR found SR  Horwitz

1 LC-MS/MS non-aqueous 175,0 -0,138 -0,181
2 LC-MS/MS aqueous 128,5 1,3 4 -1,079 -1,418
5 GC-MS aqueous 162,0 4,2 2 -0,401 -0,527
6 GC-MS aqueous 229,0 11,3 2 0,956 1,255
7 GC-MS (CI) non-aqueous 165,0 -0,340 -0,447
8 LC-MS/MS aqueous 216,3 20,1 3 0,699 0,919

11 LC-MS/MS aqueous 142,0 21,7 5 -0,806 -1,059
12 GC-MS aqueous 181,7 31,5 3 -0,003 -0,004
14 GC-MS (CI) non-aqueous 178,1 12,3 3 -0,074 -0,098
15 GC-MS non-aqueous 5900,0 * 1272,8 2
16 GC-MS non-aqueous 165,0 -0,340 -0,447
17 GC-MS non-aqueous 158,5 3,5 2 -0,472 -0,620
18 LC-MS/MS non-aqueous 156,7 5,8 3 -0,509 -0,669
19 GC-MS aqueous 338,3 38,7 4 3,168 E 4,162 E
20 LC-MS/MS aqueous 152,0 -0,604 -0,793
21 GC-MS non-aqueous 188,0 0,125 0,165
22 LC-MS/MS aqueous 83,7 20,2 3 -1,987 -2,611 E
24 GC-MS (CI) aqueous 138,6 12,5 4 -0,875 -1,149
25 LC-MS/MS

GC-MS
GC-MS (HR)

non-aqueous 131,0 -1,029 -1,352

26 LC-LC-DAD aqueous 170,5 0,7 2 -0,229 -0,301
27 LC-MS/MS non-aqueous 226,0 14,1 2 0,895 1,176
28 LC-MS aqueous 179,5 3,5 2 -0,047 -0,061
29 LC-MS/MS aqueous 188,5 6,4 2 0,136 0,178
30 LC-MS/MS aqueous 238,0 13,1 3 1,138 1,495
31 GC-MS (CI) non-aqueous 201,0 19,8 2 0,389 0,511
32 GC-MS aqueous 260,3 19,9 3 1,590 2,089 E
33 LC-MS/MS non-aqueous 34,0 5,7 2 -2,993 E -3,932 E
36 GC-MS (CI) aqueous 246,5 21,9 2 1,310 1,721
37 LC-MS/MS non-aqueous 225,7 16,6 3 0,888 1,167
40 GC-ECD aqueous 6475,0 *
41 GC-MS aqueous 394,0 <LOQ 46,7 2
44 LC-MS/MS non-aqueous 140,0 0,0 2 -0,847 -1,112
45 GC-MS aqueous 206,0 1,4 2 0,490 0,644
46 GC-MS aqueous 230,0 0,976 1,282

* = Lab excluded; n.a. = not analysed; E = IzI > 2

Assigned value 181,81 µg/kg
SR 49,38 µg/kg
CVR 27,2 %
Number labs 31

Found Horwitz
SR Target 49,38 37,59 µg/kg
CVR Target 27,2 20,7 %
lower tolerance limit |Z|<2,000 83,05 106,63 µg/kg
upper tolerance limit |Z|<2,000 280,57 256,99 µg/kg
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