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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

Cereulide, the emetic toxin produced in foods by certain strains of Bacillus cereus, is a heat and acid
stable toxin that causes nausea and vomiting when ingested. In very rare cases, people can die after
ingestion of the toxin. Due to its stability, the toxin may still be present even when B. cereus can no
longer be detected. The presence of cereulide seems to be linked to starch-rich foods like rice (dishes)
and pasta (dishes). However, recent data suggest that the occurrence of food borne outbreaks due to
cereulide is more common to foods in generall2l. The toxin has a cyclic structure and consists of in
total 12 monomers as a repeat of (D-O-Leucine-D-Alanine-L-0-Valine-L-Valine). Several methods
have been developed for the detection and/or quantification of the toxin. Some of these methods are
nons[pecific bio-assaysts 2 and other methods are Specifically based on the chemical analysis using
liquid chromatography with mass spectrometry (LC-MS/MS) for the detection and quantififation of the
toxinl> & 7 8]. The chemical methods are more specific for cereulide and have, therefere) be¢n chosen as
the sfarting point for standardization of a method for the quantification of cereulidé..Recently, research
has been done for the chemodiversity of cereulide. At least 18 cereulide variants were |detected by
UHPLC-TOFMS and ion-trap MSn sequencing, among which the previousl{Zyinknown i$ocereulides
A-GILoL,

© IS0 2017 - All rights reserved v
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Microbiology of the food chain — Quantitative
determination of emetic toxin (cereulide) using LC-MS/MS

1 Scope

This document describes the quantitative analysis of the emetic toxin cereulide using high performance

chrommatography (HPEC) or ultra performmarnce tiquid chromatography tSHPEC)Topnected to a

liqui
tand

This

bm mass spectrometer (LC-MS/MS).

document is applicable to the analysis of the toxin in products intended for human con

2 Normative references

The
cons
undg

ISO 3
ISO 1

3 r
For t

ISO 4

— 1

3.1

cere
toxin
B. ce

4

Cere

following documents are referred to in the text in such a way thatsome or all of t
[itutes requirements of this document. For dated references, énly the edition cited
ted references, the latest edition of the referenced documeny (in¢luding any amendme

696, Water for analytical laboratory use — Specification and-test methods

042, Laboratory glassware — One-mark volumetric flasks

[erms and definitions
he purposes of this document, the following terms and definitions apply.
nd IEC maintain terminological databases for use in standardization at the following g

EC Electropedia: available at http://www.electropedia.org/

SO Online browsing platforin: available at http://www.iso.org/obp

ulide
cyclo[D-0O-Leucitie-D-Alanine-L-0-Valine-L-Valine]|3 produced by certain strains of t}
reus

seneralprinciple

1lide, is extracted from the food matrix by shaking the sample with acetonitrile. 13

is us

sumption.

heir content
applies. For
hts) applies.

ddresses:

e species of

L6-Cereulide

pd-as an internal standard. The components in the solution are separated using HPIj

C or UHPLC

and subsequently detected using tandem mass spectrometry (LC-MS/MS). For MS, the electro spray
ionization technique (ESI) is used, using the positive mode. The level of emetic toxin (cereulide) is
expressed as pg cereulide/kg product.

5 Reagents

Use only reagents of recognized analytical grade, unless otherwise specified.

5.1

5.2

© ISO

Water, according to ISO 3696.

Acetonitrile, LC-MS grade.
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5.4

5.5

5.6

5.7
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Methanol, LC-MS grade.

Formic acid, 98 % to 100 % pro analyse grade.
Synthetic 13C¢-Cereulide.!

Synthetic Cereulide.l)

Ammonium formate, pro analyse grade.

5.8
(5.4) in watg

5.9 Mobile phase B, consisting of 0,1 % (v/v) formic acid (5.4) in acetonitrile (5.2).

5.10 13Ceg-(

Weigh 10 m
and dissolvg
the compou

NOTE Cd
over three yé

5.11 13Ceg-(

Pipette (6.1
of 100 ml, 1
freezer (6.1}

5.12 13Cg-(

Pipette (6.1(
make up to {

5.13 13Ce-

Pipette (6.1}
of 100 ml, m

5.14 Cereulide-stock solution Cer-A, p = 100 000 ng/ml (in methanol).

Mobille phase A, consisting of 10 mmol/l ammonium formate (5.7) with 0,1 % (v/v) formid

br (5.1).

Lereulide-stock solution IS-A, p = 100 000 ng/ml (in methanol).

g to the nearest 0,01 mg 13Cg-Cereulide (5.5) into a glass volumetric flask (6.11) of 1(
, make up to the mark with methanol (5.3). This solution is not)corrected for the pur
hd. Store the solution in the freezer (6.15).

reulide (labelled and non-labelled) stock and standard solutions are extremely stable, me
ars when stored in a freezer (6.15)

Lereulide-standard solution IS-B, p = 1 000 ng/ml (in methanol).

0) 1 000 ul 13Cg-Cereulide stock solutiom¥S-A (5.10) in a glass volumetric flask
hake up to the mark with methanol (5:3) and mix the solution. Store the solution i

).

Lereulide-standard solution IS-C, p = 100 ng/ml (in acetonitrile).

he mark with acetonitnile(5.2) and mix. Store the solution in the freezer (6.15).

Cereulide-standard solution IS-D, p = 10 ng/ml (in acetonitrile).

D) 1 000 pl 13€6*Cereulide standard solution IS-B (5.11) in a glass volumetric flask
ake up to the'mark with acetonitrile (5.2) and mix. Store the solution in the freezer (64

acid

0 ml
ty of

hning

6.11)
h the

D) 500 ul 13C4-Cereulide stock'solution IS-A (5.10) in a glass volumetric flask (6.11) of 500 ml,

6.11)
15).

Weigh 5 mg

tothe nearest 0,01 mg synthetic cereulide (5.6) into a glass volumetric flask (6.11) of |

0ml

and dissolve, make up to the mark with methanol (5.3). This solution is not corrected for the purity of
the compound. Store the solution in the freezer (6.15).

5.15 Cereulide-standard solution Cer-B, p = 100 ng/ml (in acetonitrile).

Pipette (6.10) 500 pl cereulide stock solution A (5.14) in a glass volumetric flask (6.11) of 500 ml, make
up to the mark with acetonitrile (5.2) and mix the solution. Store the solution in the freezer (6.15).

1) Chiralixis an example of a suitable product available commercially. This information is given for the convenience
of users of this document and does not constitute an endorsement by ISO of this product.

2
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Cereulide-stock solution Cer-C, p = 10 ng/ml (in acetonitrile).

Pipette (6.10) 10 ml cereulide standard solution B (5.15) in a glass volumetric flask (6.11) of 100 ml,
make up to the mark with acetonitrile (5.2) and mix the solution. Store the solution in the freezer (6.15).

5.17

Positive control sample or spiked sample (level approximately 10 ng/g).

6 Apparatus and equipment

6.1

Tandem mass spectrometer, equipped with ESI interface (in positive mode)

d multiple

react
LC sy
LC-M

6.2
For H
For (

6.3
6.4
6.5
6.6
6.7
6.8
6.9

6.10
to5

6.11

ion monitoring (MRM) mode.
stem, pump system (HPLC or UHPLC), degasser, autosampler, column oven.

S software, suitable of data collection, integration.

LC column (C-18)
[PLC, Supelco Discovery®2) C-18, 100 mm x 2,1 mm, 5 pm or equivalent.
JHPLC, Waters BEH C-18,3) 100 mm or 50 mm x 2,1 mm, 1,7 im or equivalent.

Centrifuge, capable of a centrifugal force of 1 000g to~1.500g for 50 ml tubes.
Centrifuge, capable of a centrifugal force of 10,0009 to 12 000g for 2 ml tubes.
Centrifuge tubes, (plastic) with closing cap;’2 ml disposable.

Centrifuge tubes, (glass) with leakagefree screw cap 50 ml

Horizontal mechanical shaker;capable of holding 50 ml centrifuge tubes.
Analytical balance, acciirdcy to the nearest 0,01 mg.

Grinder, e.g. mixef;-blender, cryogenic mixer.

Calibrated/plunger pipettes, ranges from 10 pl to 100 pl, 100 pl to 1 000 pl, a
00 pl, 2 000+l to 10 000 pl.

Glass-volumetric flasks, volume of 50 ml, 100 ml and 500 ml according to ISO 1042.

hd 1 000 pl

6.12

6.13

6.14

6.15

Glassautosampler vials, with snap/Screw cap 2 mi.
PTFE membrane filters, diameter of 25 mm and 0,45 pm pore size.
Vortex mixer.

Freezer, capable of temperatures below -15 °C, preferably below -18 °C.

2) Supelco Discovery® is an example of a suitable product available commercially. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of this product.

3) Waters BEH C-18 is an example of a suitable product available commercially. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of this product.

© ISO
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7 Procedure

7.1 Sample preparation

Store the samples (before and during the experiment) in the freezer (6.15) to prevent growth of micro-

organisms.

Take (100 + 25) g of a representative part of the sample and transfer it to a sample jar. In case the
amount of sample is limited (for example in case of samples involved in food poisoning), take as much
sample as possible and treat identical as the other samples. In this case, a note should be mentioned
when reporting the result. Homogenize the sample by grinding (6.9).

Weigh 2,5 ¢
pipette (6.1}
(6.14) about]

', to the nearest mg (6.8), of the homogenized sample into a centrifuge tube (6.6}
D) 500 pl internal standard solution IS-C (5.12); close the tube with the screw-top

are stored for a longer time. For short contact times, plastic tubes can be used as well. Add 29

acetonitrile

Place the tul
centrifuge f]
particles, n
(6.13), or tr4
for 10 min.

Fill an auto

7.2 Stand

The standa
Table 1 wit
stock soluti

NOTE If
components.
the tube(s) h
min at 1 000¢

(5.2) and close the tube again with the screw top.

be(s) horizontally on the shaker (6.7) and shake firmly for approximately 1 h. After sha
he tubes for 10 min at 1 000g to 1 500g (6.3). If the solution“is“clear without flo
filtration step is necessary. If not, filter the liquid phase using PTFE membrane f
insfer 2 ml in a centrifuge tube (6.5) and centrifuge the solution at 10 000g to 12 000g

sampler vial (6.12) and close the vial with a cap. Thesamples are now ready for analys

Jard preparation

‘ds should be prepared directly in the vials. Pipette (6.10) the volumes as specifi
h cereulide stock solution Cer-C (5.16)acetonitrile (5.2) (see NOTE) and 13Cg-cere
n IS-D (5.13) into a vial (6.12) and close-the vial with a cap. Mix (6.14) the solution for

additional clean up is needed, heptane extraction may be used to reduce the interfering (
After adding 29,5 ml acetonitrile; add 10,0 ml heptane and close the tubes with a screw top.

to 1 500g (6.3). Proceed with)the sample preparation with the lower acetonitrile layer.

Table 1 — Preparation of calibration standard solutions

and
Mix

10 s and let the tubes rest for 30 min. Glass tubes should be used especially wheh solutions

5 ml

[king,
ating
Iters
(6.4)

bd in
ulide
20 s.

Fatty)
Place

brizontally on the shaker (6.7).and shake firmly for approximately 1 h. Centrifuge the tubes for 10

Standard Cer-£(516) Acetonitrile (5.2) IS-D (5.13)a Cereulide std
concentratiop
ul ul ul ng/ml

Standard| 0 0 1000 200 0,00
Standard 1 10 990 200 0,08
Standardl2 50 950 200 04
Standard 3 100 900 200 0,8
Standard 4 200 800 200 1,7
Standard 5 500 500 200 4.2
Standard 6 1000 0 200 8,3

a  The concentration 13Cg-Cereulide in the calibration standard solutions is 1,7 ng/ml when adding 200 pl solution IS-D

(5.13) to the standards (1 000 pl).

Reanalyse the sample from start when a result is outside the calibration range because of its high
concentration, weighing less of the sample <2,5 g.

If a limited amount of sample is available, use an equivalent ratio of internal standard and solutions.

The final concentration of 13C¢-Cereulide (IS) in the sample extract and standards is p = 1,7 ng/ml.

4

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=9f945a332d589073635d20ce7f2c6a00

ISO 18465:2017(E)

The concentrations in Table 1 depend on the exact weighed amounts of cereulide Cer-A (5.14) and 13Ce-
Cereulide IS-A (5.10)

7.3 LC-MS analysis

7.3.1 LC conditions

Any suitable LC system can be used. Parameters, flow, retention time and gradients are instrument/type
column/manufacturer dependent and shall be determined by optimizing the LC system. Both isocratic
and gradient elution methods can be used. The parameters displayed below can be used as initial

Condia-inne for ontimig iy

CTOTToTOT O p Tz crotts

Injedtion volume: 1 plto 20 ul
Column: C-18 HPLC or UHPLC column (6.2)
Column oven: 30°Cto 50°C

Autosampler tray tem- 5°Cto 10 °C

peragure:
Mobile phase A: 10 mmol ammonium formate (5.7) with.0,1 % (v/v) formic acid in water (5.1)
Mobile phase B: Acetonitrile (5.2) with 0,1 % (v/v)\formic acid (5.4)

7.3.1 MS conditions and tuning parameters

The MS parameters can vary; they are instrument/manufacturer dependent and shall be jobtained by
tuning the instrument before analysis. The paratheters displayed below can be used as initigl conditions
for optimization; examples displayed are frofm a Waters® Micromass®% Quattro Premier.

Ionization: EST +
Capillary voltage: 3,5kV
Conevoltage: 65V
Extractor: 5V

RF lgns: ov
Sourfe temperature: 120 °C
DesdllvatiGn-temperature: 500 °C
Desolvation gas flow: 12001/h
Cone gas flow: 100 1/h
LM Resolution 1: 15,0
HM Resolution 1: 15,0
Ion energy 1: 0,5
Entrance: 0

4) Waters® Micromass® is an example of a suitable product available commercially. This information is given for
the convenience of users of this document and does not constitute an endorsement by ISO of this product.

© IS0 2017 - All rights reserved 5
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Collision: 74
Exit: 1,0
LM Resolution 2: 15,0
HM Resolution 2: 15,0
[on energy 2: 2,0
Multiplier: 650
API gas: on
Col gas: on

Mass range galibration:

50 to 1300 m/z

7.3.3 Trapsitions (multiple reaction monitoring, MRM)

The transitions mentioned can deviate depending on the mass spectrometer. They are recommended
but other transitions can also be used. A list of possible transitions is available in Annex B.
Table 2 — Cereulide quantification MRM (M+NHy4)*: 1170,7 Precursor ion
Cone voltage Dwell Collision energy
V s eV
First produc¢tion trace 1 170,7 > 314,4
65 0,3 74
Quantificatipn ion (most abundant transition)
Second product ion trace 1 170,7 > 499,4
65 0,3 56
Qualification} ion (second most abundant transition)
Table 3 — 13C¢-Cereulide quantification MRM (M+NH4)+: 1 176,7 Precursor ion
Cone voltage Dwell Collision energy
Vv s eV
First product ion trace 1 176;7.> 172,2
Internal standard quantification ion (most abundant 65 0,3 90
transition)
Second product ion'trace 1 176,7 > 315,4
65 0,3 74

Qualification ion/(second most abundant transition)

8 Calculation

A calibration line is made from the results from the cereulide standards as specified in Table 1 (calibration
range). The calibration line shall be forced through the origin. The calculation method shall be set as an
internal standard method, and allows quantification of the samples which are within the range.

© ISO 2017 - All rights reserved
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Concentration cereulide (ng/ml) is calculated with the integration software; a response factor X should
be used because of the internal standard method. X is calculated with the formula of the calibration

line, as given in Formula (1):

response factor X=

Area Cereulide x Conc. IS

Area IS x Conc. Cereulide

The cereulide level in the sample can be calculated using Formula (2):

cereulide conc. salee(uQI/kQ\l =

X X Volume (ml)

(0

(2)

The i

Limi
back
Nnoise

Limit

recal
back

9

Chec
therg

Chec
of id
samy
the s
of th

Ratig
Ratig
Ratig

Ratig

Weight sample(g)
on ratio in standards and samples should be calculated using Formula (3):

Abundance daughter 2 (Qualifier ion)

atio (%):
Abundance daughter 1 (Qualifier ion)
F of detection (LOD): The calculated concentration in the solution (ofthe concentration

to the original sample) when the signal of the second product ionis three times the
(i.e. signal to noise ratio of the second product ion equals 3).

of quantification (LOQ): The calculated concentratien“in the solution (or the cg
culated back to the original sample) when the signaliof*the second product ion is s
bround noise (i.e. signal to noise ratio of the second product ion equals 6).

Duality controls

k if both product ions from cereulide in a sample exist and meet the LOD-LOQ require|
is no positive identification or measurement possible.

k if the ion ratio from the cereulide'productions (Rs) in a sample meets the criteria for c
entity as established in Reference [2]. For a positive identification, the ratio of prodji
le shall lie within a certainaange, which is established by the average ratio of the prq
tandards/reference (Rr) and a required tolerance interval. This interval is dependent]
b average ratio in the standards/references.

(Rr) in Referenge >50 %: Positive identification, ratio sample (Rs) lies withi

(Rr) in Refetence > 20 % to 50 %:Positive identification, ratio sample (Rs) lies withi
(Rr) imReference > 10 % to 20 %:Positive identification, ratio sample (Rs) lies withi

(R¥) in Reference < 10 %: Positive identification, ratio sample (Rs) lies withi

(3)

recalculated
background

ncentration
ix times the

ment. If not,

bnformation
ict ions in a
duct ions in
on the level

h Rr £ 20 %.
h Rr £+ 25 %.
h Rr + 30 %.

h Rr + 50 %.

The change in retention times during a set of measurements shall not exceed the average re
of the measurements of the standard 2,5 %.

ention time

Investigate for every series of samples the positive sample control (5.17) and check if the results
correspond with the preset criteria (e.g. Shewart control chart/Recovery chart).

Check if the area of the peak of the second daughter of standard 1 is at least six times the background
noise (=LOQ) (S/N ratio = 6).

Chec

k if the correlation coefficient (r) of the linear calibration line is at least 0,995.

Standard 6 (Table 1) shall be measured every 10 samples to check the trend in the signal of the device

(decl

© ISO

ining peak area). The decline of the peak area shall be less than 10 %.
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If one of the above checks does not meet the quality requirements, try to find out why or what went

wrong. If necessary, reanalyse the samples.

10 Precision

10.1 General

Details on the interlaboratory study of the precision of the method are summarized in Annex A. The
values derived from the interlaboratory study are not applicable to analyte concentration ranges

and/or matrices other than those given in Annex A.

10.2 Repehtability
The absolut¢ difference between two single test results found on identical test materials by-one opefator
using the sajme apparatus within the shortest feasible time interval will exceed the repeatability limit r
in not more than 5 % of the cases.
Table 4 — Repeatability values per matrix and level of cereulide
Repeatability
Matrix % (ng/ks) r (ug/ke)
hatural contaminated cooked rice
level 1 25,0 3,5
level 2 78,1 8,0
kpiked cooked rice A\Q
level 1 22,5 2,2
fried rice (-\l‘
level 1 4,9 0,5
level 2 34,4 3,3
level 3 73,7 7,0
cream pastry with chgg&}dte
fevel 1 4,8 0,6
level 2 33,5 4,5
level 3 71,7 9,6
hotdog s?ugﬁe
level 1 49 0,6
level 2 33,9 3,9
level 3 72.8 84
mini pancakes
level 1 4.8 0,6
level 2 33,4 4,1
level 3 71,6 8,7
vanilla custard
level 1 4,8 0,6
level 2 33,6 4,5
level 3 71,9 9,5
infant formula

© ISO 2017 - All rights reserved
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Table 4 (continued)
level 1 4,8 0,6
level 2 339 4,5
level 3 72,7 9,7

10.3 Reproducibility

The absolute difference between two single test results found on identical test materials reported by
two laboratories will exceed the reproducibility limit R in not more than 5 % of the cases.

Table 5 — Reproducibility values per matrix and level of cereulide
Reproducibility
Matrix % (ng/kg) | , W (ng/ke)
natural contaminated cooked rice
level 1 25,0 5,8
level 2 78,1 13,1
spiked cooked rice
level 1 22,5 2,8
fried rice
level 1 4.9 0,6
level 2 34,4 4,4
level 3 73,7 9,4
cream pastry with chocolate (\*‘
level 1 4,8 1,0
level 2 33,5 6,8
level-3 71,7 14,5
hotdog sausage r\@
level 1 4.9 0,6
level 2 339 4,1
level 3 72,8 8,7
mini B@:ﬂ(es
level 1 4.8 0,7
level 2 33,4 51
level 3 71,6 11,0
vanilla custard
level 1 4,8 0,9
level 2 33,6 6,5
level 3 71,9 14,0
infant formula
level 1 4.8 0,9
level 2 339 6,2
level 3 72,7 13,4
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Annex A
(informative)

Results of the interlaboratory study

An international interlaboratory study involving 11 laboratories in nine countries was carried out on
cooked rice, fried rice, cream pastry with chocolate, mini-pancakes, hotdog sausage, vanilla custard

for the coolted rice, tested as naturally contaminated cooked rice (B. cereus was inoculating i

and infant formulae. The food samples were each tested at three different levels of spiking, elEcept
and incubating under conditions that cereulide was produced). The study was)orga

cooked rice

the
ized

in 2013 by the Netherlands Food and Consumer Product Safety Authority (NVWA). In accordance|with
ISO 5725-2:1994, the following parameters were calculated to give the precision datarshown in Thbles
AltoA.3.
Table A.1|— Results of the data analysis for cooked rice (naturally contaminated and spiked)
Cooked rice
(naturally.contaminated and spiked)
Naturally Naturally Spiked
contaminateda contaminateda
(medium level) (high level)

Number of pprticipating collaborators 11 11 1
Number of collaborators retained after evaluation of 10 10 1p
the data

Number of samples 6 6 @
Number of spmples retained after evaluation of thedata 6 6b @
Mean value ¥ (ug/kg) 25,0 78,1 22,5
Repeatability standard deviation s, (ng/kg) 1,2 2,9 0J8
Coefficient of variation of repeatability Cy+ (%) 5 3,7 34
Repeatability limit r: (r = 2,8 x s.), (1g/kg) 3,5 8,0 2f2
Repeatability limit r: (r = 2,8 x.Cy; (%) 14 10,3 9J6
Reproducibility standard deviation sg (ng/kg) 2,1 4,7 1)0
Coefficient of variation 6freproducibility Cyr (%) 8,3 6,0 414
Reproducibility limit\Ri(r = 2,8 x sg), (ng/kg) 5,8 13,1 28
Reproducibility imit R: (r= 2,8 x Cygr), (%) 23,3 16,7 12,4
Recovery — — —

b One of the participants reported 5 results instead of 6.

a  The naturally contaminated cooked rice was obtained by inoculating B. cereus in the rice and incubating the rice for
the production of cereulide.
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Table A.2 — Results of the data analysis for spiked fried rice, cream pastry with chocolate and
hotdog sausage

Fried rice Cream pastry Hotdog
with chocolate | sausage
Number of participating collaborators 11 11 11
Number of collaborators retained after evaluation of the data 10 10 10
Number of samples 6 6 6
Number of samples retained after evaluation of the data 6 6 6
Working range calibration line in food products (ug/kg) 11099 11099 1to 99

Mean value X (ng/kg)

—{ low concentration 49 4,8 49

— medium concentration 34,4 33/5 33,9

— high concentration 73,7 71,7 72,8
Coefficient of variation of repeatability Cy (%) 3,4 4,8 4,1
Repdatability limit r: (r = 2,8 x Cy;,), (%) 9,5 13,4 11,6
Coefficient of variation of reproducibility Cyr (%) 4,6 7,2 4,3
Reprjoducibility limit R: (r = 2,8 x Cyg), (%) 128 20,2 12,0
Recgvery 99,3 96,7 97,7

Tlable A.3 — Results of the data analysis for spiked mini-pancakes, vanilla custard and
infant formula

Mini-pancakes Vanilla Infant
custard formula

Numpber of participating collaborators 11 11 11
Numpber of collaborators retained after evaldation of the data 10 10 10
Numpber of samples 6 6 6
Numpber of samples retained after evaluation of the data 6 6 6
Working range calibration linesinfood products (pg/kg) 1to99 1to99 1to99
Mean value X (ug/kg)

—|{ low concentration 4,8 4,8 4,8

— medium concénfration 33,4 33,6 33,9

— high concéntration 71,6 71,9 72,7
Coefficient of\wariation of repeatability Cy; (%) 4,3 4,7 4,8
Repdatability limit r: (r= 2,8 x Cy;), (%) 12,2 13,3 13,4
Coeffiefent of variation of reproducibility Cyr (%) 5,5 6,9 6,6
Reproducibility limit R: (r= 2,8 x Cyr), (%) 15,4 19,4 18,4
Recovery 96,5 96,6 98,1
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