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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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IDF (the International Dairy Federation) is a non-profit private sector organization representing the
interests of various stakeholders in dairying at the global level. IDF members are organized in National
Committees, which are national associations composed of representatives of dairy-related national
interest groups including dairy farmers, dairy processing industry, dairy suppliers, academics and
governments/food control authorities.

ISO and IDF collaborate closely on all matters of standardization relating to methods of analysis
and sampling for milk and milk products. Since 2001, ISO and IDF jointly publish their International
Standards using the logos and reference numbers of both organizations.

Attention is drawn to the possibility that some of the elements of this document may bé the subject of
patent rights. IDF shall not be held responsible for identifying any or all such patentrights. Details of
any patent rights identified during the development of the document will be in the Introdug¢tion and/or
on the ISO list of patent declarations received (see www,iso,org/patents).

Any trade name used in this document is information given for the convenjence of users gnd does not
constitute an endorsement.

This|document was prepared by the IDF Standing Committee on Analytical Methods for Composition
and ]SO Technical Committee ISO/TC 34, Food products, Subcommittee SC 5, Milk and milk|products, in
collaporation with AOAC INTERNATIONAL.

It is [being published jointly by ISO and IDF and separately by AOAC INTERNATIONAL. [The method
desctibed in this document is equivalent to the AOAC Official Method 2015.06: Minerals and Trjace Elements
in Infant Formula. All work was carried out by the ISO/IDF,Action Team on C40 of the Standing Committee
on Ahalytical Methods for Composition under the aegisof its project leader, Mr. H. Cruijsen (L).
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Milk, milk products, infant formula and adult
nutritionals — Determination of minerals and
trace elements — Inductively coupled plasma mass
spectrometry (ICP-MS) method

1 9
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document specifies a method for the quantitative determination of calcium~(Ca),
(Fe), magnesium (Mg), manganese (Mn), phosphorus (P), potassium (K), sodium (N:
mium (Cr), molybdenum (Mo) and selenium (Se) using inductively coupled plasm
f'rometry (ICP-MS).

method is applicable for the determination of all 12 elements \in infant formul
tional products. The method is also applicable for milk, milk powder, whey powder

ducibility could not be determined in these matriceslll. The present method is an
0649 | IDF 235 (AOAC 2011.19[2]) which was validated only.for Cr, Mo and Se in infant
nutritional products.

anges given in Table 1 are in scope (see also Table A.1).

Table 1 — Analytical ranges

copper (Cu),
), zinc (Zn),
A and mass

h and adult
butter and

ce excluding the determination of Cr, because all Cr results were-below the quantificatjon limit and

bxtension of
formula and

Ca Cu Fe Mg Mn P K Na Zn Cr S¢

Mo
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mg/
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rtical
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00 g

3 0,002 | 0,04 0,% 0,002 3 3 2 0,07 | 0,002 | 0,00

D 60,0002

Uppé
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rang
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r
rtical
ea, in
00 g

1280 | 1,2 20 110 1,0 800 | 2000 | 850 18 0,16 0,0

5 0,10

a
— 1
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2004
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prop

oncentrations applyto
ilk and "readyto-feed” liquid as-is, using a typical sample size of 1 g per final analytical solution volumg¢

bconstituted milk powder, reconstituted infant formula powder and reconstituted adult nutritional pow
of water), using a typical sample size of 1,8 g of the reconstituted slurry per final analytical solution vo

es for\non-reconstituted dairy ingredients (butter, cheese, whey powder, whey protein concentrate)
brtionally upward from these values based upon the sample size used for the ingredient. For example, if

of 50 ml, and

der (25 ginto
ume of 50 ml.

are adjusted
,3 g of cheese

is dig

ested the ranges willbe 1 g/ 0,3 g = 3,3 x higher.

2 Normative references

Ther

e are no normative references in this document.

3 Terms and definitions

No terms and definitions are listed in this document.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— 1
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— IEC Electropedia: available at http://www.electropedia.org/

4 Principle

Nitric acid, internal standard, and hydrogen peroxide are added to the sample in microwave vessels
and the samples are digested at 200 °C using a pre-programmed temperature control digestion. The
addition of hydrogen peroxide helps reduce carbon and nitrous oxide levels in the digestate. The
presence of carbon in the samples causes signal enhancement of Se. Therefore, to matrix match the
samples, carbon in the form of methanol is added to both the standard solutions and the digestate
before analysis. An ionization buffer is not necessary because the multielement standards and samples
always contpimrstgmift thytom ; ;i ; and
tellurium (Te just for Se) are used as internal standards. Analysis is performed by ICP-MS. Polyatjomic
interferencgs on the low mass elements are reduced or eliminated by analysing in He collision
using kinetic energy discrimination (KED). For Se measurements the Hy gas mode ispreferred for
increased s¢nsitivity. Quantitation of 12 elements is achieved essentially simultaneously by comparing
the analyte/internal standard response ratios in the unknown samples to a standardieurve constrycted
from respor]se ratios of calibration standards.

5 Reagents

WARNING + The use of this document can involve hazardous materials, operations and reagents.
This standard does not propose to address all the safety problems associated with its use| It is
the responsibility of the user of this document to establish safety and health practices.

5.1 Methdnol, purity = 99,99 %, analytical reagent grade.

5.2 Nitridacid (HNO3), concentrated, ultrapure reagemnt grade.

5.3 Nitridacid (HNO3), concentrated, trace metal grade.

5.4 H303,with a volume fraction of 30 %, ACS reagent grade.

5.5 Labornatory water, metal-free; organic-free, pyrogen-free, filtered 18 MQ2-cm quality.
5.6 Surfagtant, for example, Tergitol®1 Type 15-S-9, Sigma or equivalent (optional).
5.7 Argon gas, purity 299,996 %.

5.8 Helium gas,purity = 99,999 9 %.

5.9 Hydrggeén gas, purity = 99,999 5 %, for Se analyses (recommended).

5.10 Multi-element standard stock solution.

NIST or NIST-traceable containing Se at mass concentration p = 20 ug/l; Cr and Mo at 40 pg/l; Mn and
Cu at 0,25 mg/l; Zn at 1 mg/l; Fe at 2,5 mg/1l; Mg at 10 mg/1; P at 25 mg/]; Ca and K at 50 mg/1 and Na at
25 mg/lin 2 % HNO3 + trace hydrofluoric acid (HF). This stock standard solution expires on the date
given by the manufacturer.

1) Tergitol® 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 or IDF of the product named.
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5.11 Multi-element internal standard stock solution (ISTD stock).

NIST or NIST-traceable containing Ge and Te at 5 mg/l in 2 % HNOs3 + trace HF. This stock standard
solution expires on the date given by the manufacturer.

5.12 Tuning and pulse/analogue (P/A) factor tuning stock solutions.

NIST or NIST-traceable containing various elements at concentration levels recommended by the
manufacturer. Since this method determines the major elements at relatively high concentrations
for an ICP-MS, it is important to understand the solutions needed and the procedure to obtain high
quality calibration curves in which the detector is used in both pulse counting and analogue modes. A
proptrly calibrated instrument will deliver the linearity requirements of the method; for,ekample, that
calibration residuals are < 4 %, see Clause 9.

5.13| Quality control sample (QCS).

Stanglard Reference Material (SRM)® 1849a2) milk-based hybrid infant/adult\nutritional powder with
certified values for Ca, Cu, Cr, Fe, Mg, Mn, Mo, P, K, Se, Na, and Zn. Supplied,as’a unit of 10 packets each
containing approximately 10 g of material. This is the recommended control material for this analysis,
but dther suitable SRMs could be substituted.

6 Preparation of standards and solutions

6.1 | Surfactant solution (optional, approximately 5 %)

Add |about 700 ml laboratory water to a 1 | plastic bottle containing a polytetrafluoroethylene
(PTHE)-coated stirring bar. Place the bottle onca“magnetic stirrer and begin stirring at|a moderate
speefl. Slowly add 50 ml surfactant from a graduated cylinder. When the surfactant is djissolved, fill
the Qottle to approximately 1 000 ml with Jaboratory water. Transfer to 1 1 plastic bottle fitted with a
PTFE-constructed dispenser with adjustable volume from 1 ml to 10 ml. This solution is gdded to the
autosampler rinse solution to minimizé.residue build-up in the spray chamber. It does ndt otherwise
affecdt the analysis. Expiration: 6 months. Store at room temperature.

6.2 | Nitric acid rinse solution for autosampler rinse port, 2 %

Mix 20 ml of concentrated nitric acid (5.2) with 20 ml surfactant solution (6.1) and laboratpry water to
preppre a total volumeof/1 000 ml. Expiration: 3 months. Store at room temperature.

6.3 | P/A factortuning working solution

Dilufe and/orvcombine P/A factor tuning stock solutions (or equivalent) to the mapufacturer’s
recommended dilution level with laboratory water for use at the instrument. Expiratior): 6 months.
Storg¢ atroom temperature.

6.4 Calibration blank (Cal BIKk) and preparation blank (PB) solution

Add approximately 15 ml laboratory water to a 50 ml volumetric flask. Dispense (using bottle dispenser
or pipet) 5 ml nitric acid (5.2) into the same volumetric flask. Pipet (using calibrated digital pipet) 0,5 ml
of the ISTD stock and 0,5 ml of methanol (5.1). Dilute to volume with laboratory water. This solution
serves as both the calibration blank (Cal Blk) and preparation blank (PB). Use same lots of reagent for
samples. Expiration: 2 days. Store at room temperature.

2) SRM 1849ais the trade name of a product supplied by the National Institute of Standards and Technology (NIST).
This information is given for the convenience of users of this document and does not constitute an endorsement by
ISO or IDF of the product named. Equivalent products may be used if they can be shown to lead to the same results.

© ISO and IDF 2018 - All rights reserved 3
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6.5 Calibration standard solution set

Prepare Cal Blk, Cal Std 1, Cal Std 2, Cal Std 3, and Cal Std 4 standard solutions by pipetting with a
volumetric pipet (7.10) 0 ml, 1,00 ml, 5,00 ml, 20,00 ml and 40,00 ml, respectively, of the multi-element
standard stock solution into separate 50 ml volumetric flasks or sample tubes. Add 0,5 ml of the ISTD
with a volumetric pipet (7.10) or digital pipet calibrated at point-of-use to 0,8 % accuracy), 5 ml (using
repipetter or PTFE bottle dispenser) of nitric acid (5.2), and 0,5 ml of methanol (5.1) to each flask. Fill
the flasks to volume with laboratory water. Expiration: 2 days. Store at room temperature. The analyte

and ISTD concentrations in the calibration standard solutions are shown in Table 2.

Table 2 — Concentrations of standards and ISTD in calibration standard solutions

Calibration Calibration Calibration Calibration Calibration ISTDa
Blank Standard 1 Standard 2 Standard 3 Standard 4
Na, mg/1 0 0,500 2,50 10,0 20,0 Gp
Mg, mg/1 0 0,200 1,00 4,00 8,00 Gp
P, mg/1 0 0,500 2,50 10,0 20,0 Ge
K, mg/1 0 1,00 5,00 20,0 40,0 Ge
Ca, mg/l 0 1,00 5,00 20,0 40,0 Gp
Cr, ng/1 0 0,800 4,00 16,0 32,0 Gp
Mn, mg/1 0 0,005 00 0,0250 0,400 0,200 Gp
Fe, mg/1 0 0,0500 0,250 1,00 2,00 Ge
Cu, mg/1 0 0,005 00 0,0250 0,100 0,200 Gp
Zn, mg/1 0 0,0200 0,100 0,400 0,800 Gp
Se, ug/1 0 0,400 2,00 8,00 16,0 Te
Mo, pg/1 0 0,800 4,00 16,0 32,0 Gp
a  Internal §tandard (ISTD) added at 50 pg/I.

7 Apparatus

7.1 Indudtively coupled plasma mass spectrometer.

It shall corftain a quartz spray_chamber, quartz torch, Ni/Pt sample cone, Ni/Pt skimmer fone,
autosampler and printer. The\]JCP mass spectrometer shall have collision reaction cells (CRCs). In] two
separate infferlaboratory studies, four different model ICP-MS instruments from three major verydors
delivered eduivalent performancel11[2].

7.2 Microwave oven.

Commercial| microwave designed for laboratory use at 0 °C to 300 °C, with closed vessel systen} and
controlled temperature ping capability Use vessels recc ended b e _manufacty h the
interlaboratory study, five different microwave designs delivered equivalent performancelll.

CAUTION — Microwave operation involves hot pressurized acid solution. Use appropriate face
protection and laboratory clothing.

7.3 Hydrogen generator, recommended for better Se sensitivity.

On-demand supply of > 99,999 % pure hydrogen at > 150 ml/min. Alternatively, a high pressure cylinder
(99,999 % purity) may be used.

7.4 Magnetic stir plate and PTFE-coated magnetic stir bars.

7.5 Analytical balance.

4 © ISO and IDF 2018 - All rights reserved
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Fume hood.

Common laboratory glassware/plasticware.

Repipetter, 50 ml.

Bottle top dispenser, PTFE, adjustable volume 0,5 ml to 5 ml.

Volumetric pipets, Class A in accordance with ISO 1042[3], assorted sizes.

7.11
preci

8 1
Makq
NOTH
averg

meth

In sa
the t

Digital pipets, 1 ml, adjustable, to deliver 500 pl with accuracy tolerance of better, thg
sion of better than 0,2 % relative standard deviation (RSD).

Preparation of test sample
 a single sample preparation to determine all 12 elements.

ISO 20649 | IDF 235[4] for Cr, Mo, and Se requires duplicate samples to be taken and
ged, but comparable reproducibility was obtained in a second interlaboratory study with th
pd described in this document in which only a single sample was-adalysed[1l.

mple vessels, weigh test portions to the nearest 0,000 T g. For liquid products (incl
pst portion size is 1,0 g. Liquid samples shall be thoreughly shaken (5 min in a mecha

n 0,8 % and

their results
e 12-element

uding milk),
nical shaker

is ap|
magnIE)etic stir bar is placed. While stirring, remove the1 g sample with a disposable pipet for weighing

rv]n
hey protein

dired
conc

For g
samy
recoj

For 1

Aftel
2 ml

The
Spec
The

it delivers a volume of 0,500 ml to a tolerance of better than 0,8 % and precision better thai

Seal

ropriate), the container opened and the contentssydumped into a plastic containe

tly into the tared microwave vessel. For ingredients such as whey powder or
bntrate use a direct mass of 0,3 g.

owdered products, including whole milk powders, the test portion size is net 0,20 g
le, which should be taken from a}25 g powder and 200 g warm (60 °C) labor
nstitution (i.e. 1,8 g of the 11,1 %reconstitution).

utter or processed cheese (take'a mould-free portion) use a direct mass of 0,3 g.

weighing the sample, ddd"0,5 ml of ISTD stock using a digital pipet, 5 ml of nitric ac
of 30 % hydrogen peroxide.

PB/Cal Blk solutien prepared with the standards is the correct sample blank for 4
fically, do notimicrowave digest the sample blank, which can subject the blank to contd
ligital pipet.used for the addition of ISTD solution shall be calibrated at point of use to|

the vessels, and place into microwave oven. Execute a heating programme equivalent tq

in Talble 3; suitable for total digestion of the sample.

to which a

of a powder
htory water

id (5.2), and

his method.
minationl[].
ensure that
n 0,2 % RSD.

that shown

After digestion, place vessels in a fume hood. Unscrew the cap/venting nut slowly to gradually release
the pressure. Then, completely remove the cap.

Slowly add approximately 20 ml of laboratory water to the contents of the vessel and transfer contents
to a 50 ml sample vial. Add 0,5 ml methanol (5.1) to the sample vial and dilute to approximately 50 ml
with laboratory water. Shake briefly. The transfer or the final volume does not need to be quantitative
because internal standards were added prior to digestion. Therefore, the analyte/ISTD ratios will be
constant.
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Table 3 — Microwave operating parameters
Stage 1 sample digestion
1 Power 100 % (1 600 W)
2 Ramp to temp., min 20
3 Hold time 20
4 Temp., °C 180
5 Cool down, min 20
Stage 2 sample digestion
1 Power 1069666
2 Ramp to temp., min 20
3 Hold time 20
4 Temp., °C 200
5 Cool down, min 20
Total, h 2
NOTE Stages|1 and 2 are operated sequentially, without removing vessels from the oven.
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Analyse tesft
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propriate tuning solutions, tune the instrument for optimal sensitivity in the ki

[imination mode and/or reaction mode according té:the instrument design. Also, tun
to find the P/A calibration factors that are needéd for those calibration curves that
e roughly 100 pg/1 (depends on instrument type). Table 4 summarizes typical instru
for analysis.

solutions using an ICP-MS instrument standardized with the indicated standard solu
le 2. Ge is used as the ISTD for the 11-elements not including Se. Those 11 element
in the He collision mode, employing®ED. Te shall be used as the ISTD for Se determinat

Hydrogen npode is recommended for the determination of low levels of Se in infant formula
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to hydrogen mode andanalyse Se separately from the other elements. Alternatively, v
pxperiments that the practical limit of quantification (PLOQ) for Se is at or below 10 ng
when using an alternate collision/reaction gas. One laboratory successfully complete
ity study using leliim, and another with ammonia gasl2l.

bration correlation coefficients are 0,999 5 or better for all analytes, but suitabil
by calibration residuals as follows. Analyse Cal Std 3, or other suitable quality co
a samplerévery 10 test portions to monitor for instrument drift and linearity. The 1
hin 4\% of the standard’s nominal concentration. For good performance, include a mq

blank (run

hs~a sample, its measured concentration shall be less than half of the lowest calibr

erify
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ty is
ntrol
esult
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or certified limits). Duplicate samples as required in the first multi-lab testing (MLT) study(2] are now
optional, because they did not generally improve reproducibility[1l. If used, the mean result is reported
and appropriate criteria based upon the data would be a relative percent difference within 10 % for Cr,
7 % for Se, and 5 % for all other elements. If any of these quality control checks fails, results should be
considered invalid.

The order of analysis should be calibration standards, followed by rinse, blank check, check standard,
control sample, sample, sample duplicate (if used), and a repeated check standard.
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Table 4 — Typical ICP-MS parameters for Agilent 7700xa3)

4:2018(E)
3:2018(E)

Radio frequency (RF) power, W 1600

RF matching, V 1,8

Sample depth, mm 9

Extract 1 lens, V 0

Carrier gas, I/min 0,9

Make-up gas, I/min 0,2

Nebulizer (glass concentric) MicroMist

Spray-elrambertemperature =€ 2

Interface cones Ni

He cell gas flow rate, ml/min 4.5

Hy cell gas flow rate, ml/min 4,2

Nebulizer pump rate, rps 0,1 (0,5 ml/min)

Perigtaltic pump tubing White/white, 1,02 mm jnternal diameter ({.d.)
Draip tubing Blue/yellow, 1,52 mm-i;d.

a  Theisotopes used for analysis are 23Na, 24Mg, 31P, 39K, 44Ca, 52Cr, 55Mn, 56Fe, 63Cu, 66Zn, 78Se, and 95Mo, with 72Ge and
130Tq as internal standards.

10 Calculation

line

Not

high

Calcylate the analyte mass fraction in the sample, w, in ng/g, using Formula (2):

Calc
;Ilr regression calibration analysis to produce a bést-fit line, using Formula (1):

late sample concentrations automatically by théZsoftware using a non-weighted 14

VY =axx+blank

that the sample blank is identical to:the Cal Blk for this method and is essentially 7
purity reagents are used.

€

past-squares

1)

ero because

—X V
_=x) v, @
a m,
whete
y  istheamalyte to ISTD intensity ratio, which is the measured count of each analytels standard
solution data point in the calibration curve divided by the counts of the ISTD at thg same level;
X _ZNs'the analyte to ISTD intensity ratio, which is the measured count of the blank standard solu-
tion data point in the calibration curve divided by the counts of the ISTD at the sa;E:e level as
the blank standard solution;
a isthe slope of the calibration curve, in ml/ng;
Vs isthe volume of the sample solution, in ml;
mg is the sample mass.

3) Agilent 7700x 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 or IDF of the product named.
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11 Precision data

11.1 General

Details of the interlaboratory test of the precision of the method are summarized in Annex A. The values
derived from the interlaboratory test may not be applicable to analyte concentration ranges and/or
matrices other than those given in Annex A.

11.2 Repeatability

Method resysare-expected-to-have-a—coetfcientof-variationef repeatabilityEyroof-5-Yertower
as prescrib¢d in the standard method performance requirements (SMPR). See Table A.1 for“oyerall
repeatability and Annex A for detailed performance.

11.3 Reproducibility

Method restpilts are expected to have a coefficient of variation of reproducibility, Cyr, %, of 10 P4 or
lower as prescribed in the SMPR (<15 % for Cr, Mo, Se and <16 % for Mn and.Cu). See Table All for
overall reprpducibility and Annex A for detailed performance.

12 Test report
The test replort shall contain the following data:

a) allinforimation necessary for the identification of the samplé€ (type of sample, origin and designption
of the sgmple);

b) areference to this document, i.e. ISO 21424 | IDF 243;

c) the datg and type of sampling procedure (if known);

d) the datg of receipt;

e) the datq of test;

f) the test|results and the units in(lwhich they have been expressed;

g) any operations not specifiéd,in the method or regarded as optional, which might have affected the
results.

8 © ISO and IDF 2018 - All rights reserved
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The [method in this document is very well characterized. The single laboratory valid
data|are given in Reference [6]. Two independent interlaboratory studies were also.carr

References [1] and [2], to measure the reproducibility of the method, and a special“study
the performance of the method at very low levels between the lowest calibration stand
actugl limit of quantification (LOQ) as measured from digested and undigested blanks[5l.
the ICP-MS results was confirmed by comparing the mean MLT results from this method t
ISO 15151 | IDF 229[11], which employed ICP-AES testing on the same sample setl[1l.

Based upon all these data, Table A.1 summarizes the latest figures*of merit for the me
docujment. The last row gives the recommended analytical ranges of this method to fu
SMPR requirements. The minimum limits for Mn, Cu, and Fe areslightly above the SMPR cr
werg very aggressive for these analytes (well into the inherent level seen in the kinds of p
apply to this method). Note that the method can be used forianalyte concentrations in the s
the PLOQs, down to the LOQ limits given in Table A.12,This would allow measurement 4
Alimentarius minimum limits for Mn and Cr, for example, but the expected repeatabili
above 5 % RSD, and the expected reproducibility-would be above 15 % RSD, with nonling
calibjration curves expected to produce a bias 0f3710 % in the result.

ation (SLV)
ied out, see
focused on
ard and the
Accuracy of
those from

thod in this
ly meet the
teria, which
roducts that
hmple below
t the Codex
'y would be
barity of the
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A.2 Precision data for milk, milk products. infant formula and adult nutritionals

The data given in Tables A.2 to A.23 were obtained in an interlaboratory studylll, in accordance with
ISO 5725-2[9] and AOAC-IUPAC Harmonized Protocol for collaborative study procedures, to access
precision characteristics of a method of analysis[10]. The study was performed based on requirements
given in Reference [10]. There is no table for Cr because all samples were below the LOQ.

Table A.2 — Precision data for calcium in milk and milk products

mg/100 g

Sample 12 2b 3c 4d 5e 6f
Year of inter]aboratory test 2016 2016 2016 2016 2016 2016
Number of 1aboratories submitting 10 10 10 10 10 2
results
Number of outliers (laboratories) 0 0 0 0 0 0
Ngmber_oflz bor.atories retained after 10 10 10 10 1o 1
eliminating putliers
Number of afcepted results 20 20 20 20 20 2
Mean value, mg/100 g 19,18 498 670 115 106 68P
Repeatability standard deviation sy, 0,80 71 10 13 16 1
mg/100 g
Reproducibility standard deviation sg, 14 26 120 48 43 4
mg/100 g
poeff1c1ent of variation of repeatabil- 42 14 15 14 15 1k
ity, Cyr, %
F:(?e-fflaent of variation of reproduc- 74 5,2 18h 42 41 5.8
ibility, Cy g, %0
Repeatability limit r [r = 2,8 x s/], 22 20 29 46 45 29
mg/100 g
Reproducibility limit R [R = 2,8 x sg], 40 73 336 13 12 11b
mg/100 g
HorRat valug¢ 1,0 1,2 4,2 0,75 0,73 14
a  Butter, b [Cheese, ¢ Whey, d Whole milk;"¢"Milk PWD, f WPC, g Below (equivalent, as-is) SMPR limit, h Failed $MPR
reproducibilifly or repeatability criteria.
NOTE Resultfs are on an as-is basis for{all matrices (e.g. mg/100 g of butter, cheese, etc.), except for milk powder, for which
results are in mg per 100 g of the recenstituted powder (25 g in 200 g water).

Table A.3"“ Precision data for copper in milk and milk products

Sample 1a 2b 3c 4d 5e 6
Year of inter|aboratory test 2016 2016 2016 2016 2016 2016
Number of 13bgratories submitting 10 9 10 9 9 1
results
Number of outliers (laboratories) 0 3 0 4 4 0
Ngm_ber.oflabor.atorles retained after 10 6 10 5 5 10
eliminating outliers
Number of accepted results 20 12 20 10 10 20
Mean value, mg/100 g 0,00428 | 0,0498 0,034 5 0,005 2 0,004 0 0,117 2
Repeatability standard deviation s, 0,0015 | 0,0014 | 00022 |0,000050| 0,00019 | 0,001 6

a  Butter, b Cheese, ¢ Whey, d Whole Milk, ¢ Milk PWD, f WPC, g Below (equivalent, as-is) SMPR limit and below LOQ,
h Failed SMPR reproducibility or repeatability criteria.

NOTE Results are on an as-is basis for all matrices (e.g. mg/100 g of butter, cheese, etc.) except for milk powder, for which
results are in mg per 100 g of the reconstituted powder (25 gin 200 g water).
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Table A.3 (continued)

IS0 21424:2018(E)
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Sample 1a 2b 3¢ 4d 5e 6f
Reproducibility standard deviationsg, | g 9942 | 0,0030 | 0,0099 | 0,00029 | 0,00030 | 0,0049
mg/100 g
f:oefflclent of variation of repeatabil- 368h 29 6,3 0,97 47 14
ity, Cyr, %

Qqe_fflclent of variation of reproduc- 99gh 59 29h 5,5 75 42
ibility, Cyr, %

Elegp/e";‘fﬁ?hty limitr{r=2,8xs], 0,0042 | 0,0040 | 00061 | 0,00014 | 0,00052 | 0,004 59
Repijoducibility limit R [R = 2,8 x sg] 0,012 | 00083 | 0,028 | 000080 | 0,0006%4|| 0,014
mg/100 g

HorRat value 3,98 0,33 1,5 0,22 0,29 0,27

a  Butter, b Cheese, ¢ Whey, d Whole Milk, ¢ Milk PWD, f WPC, g Below (equivalent, as-is) SMPR limit anld below LOQ,
h Failled SMPR reproducibility or repeatability criteria.

NOTE Results are on an as-is basis for all matrices (e.g. mg/100 g of butter, cheese, et¢)except for milk pow{der, for which
resullts are in mg per 100 g of the reconstituted powder (25 g in 200 g water).

Table A.4 — Precision data for iron in milk and'milk products

Sample 1a 2b 3¢ 4d 5e 6f
Year|of interlaboratory test 2016 2016 2016 2016 2016 2016
Number of laboratories submitting 10 9 10 10 9 9
results
Number of outliers (laboratories) 2 4 1 2 5 2
Nl_lmber_oflabor_atorles retained after 8 5 9 8 4 7
elim|nating outliers
Numlber of accepted results 16 10 18 16 8 14
Mean value, mg/100 g 0,027 98 0,183 0,300 0,017 18 0,027 4 0,656
Repgatability standard deviationsra | 00952 | 0,0083 | 0,015 | 0,00063 | 0,00038|| 0,090
mg/100 g
Repioducibility standard deviation sg, 0,011 0,013 0,082 0,006 4 0,0015 0,017
mg/100 g
.Coefficient of variation efféepeatabil- 198h 46 5,1h 3,7 14 14
ity, dv., %
.C(?e.fficient of variation of reproduc- 408h 71 27h 38gh 5,5 2.6
ibilitly, Cyr, %
Repgatabiligylimit r[r=2,8 x 5], 0015 | 0023 | 0043 | 00018 | 00011 || 0,025
mg/100 g
ReproQucibility imitR[R=28xsrl, | 9031 | 0036 0,23 0018 | 00042]| 0,048
mg/166g
HorRat value 2,1 0,49 2,0 1,8 0,28 0,22

a

Butter, b Cheese, ¢ Whey, d Whole Milk, ¢ Milk PWD, f WPC, g Below (equivalent, as-is) SMPR limit and below LOQ,

h Failed SMPR reproducibility or repeatability criteria.

NOTE Results are on an as-is basis for all matrices (e.g. mg/100 g of butter, cheese, etc.) except for milk powder, for which

results are in mg per 100 g of the reconstituted powder (25 gin 200 g water).

© ISO and IDF 2018 - All rights reserved
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Table A.5 — Precision data for potassium in milk and milk products

reproducibili

NOTE Resulf]
results are in

y or repeatability criteria.

Sample 1a 2b 3c 4d 5e 6f
Year of interlaboratory test 2016 | 2016 | 2016 | 2016 | 2016 | 2016
Number of laboratories submitting results 10 10 10 10 10 10
Number of outliers (laboratories) 0 0 0 0 0 0
Number of laboratories retained after eliminating outliers 10 10 10 10 10 10
Number of accepted results 20 20 20 20 20 20
Mean value, mg/100 g 35,78 | 97,7 |2004| 163 | 135 | 831
Repeatability-standard-deviationsy;mg/ 106 21 25— 661+146 356 9,5
Reproducibility standard deviation sg, mg/100 g 2,8 3,8 281 8,5 9,1 59
Coefficient of variation of repeatability, Cy,r, % 5,8h 2,6 3,0 2,4 2.7 2,4
Coefficient of variation of reproducibility, Cy g, % 79 3,9 14h 5,2 6,8 71
Repeatabilitly limit r [r= 2,8 x s,], mg/100 g 58 7,0 168 11 10 55
Reproducibility limit R [R = 2,8 x sg], mg/100 g 79 11 786 24 26 165
HorRat valug 1,2 | 0,68 39 1,0 1,3 1,7
a  Butter, b [Cheese, ¢ Whey, d Whole Milk, ¢ Milk PWD, f WPC, g Below (equivalent, astis) SMPR limit, h Failed $MPR

s are on an as-is basis for all matrices (e.g. mg/100 g of butter, cheese;ett.) except for milk powder, for yhich
mg per 100 g of the reconstituted powder (25 g in 200 g water).

Table A.6 — Precision data for magnesium inomilk and milk products

Sample 12 2b 3c 4d 5e 6
Year of inter|aboratory test 2016 2016 2016 2016 2016 2016
Number of 13boratories submitting 10 d 8 10 9 1
results
Number of oputliers (laboratories) 1 2 0 0 2 0
Ngm_ber_ofl: bor.atories retained after g - 8 10 - 1
eliminating putliers
Number of afcepted results 18 14 16 20 14 2
Mean value, mg/100 g 2,248 20,4 203 10,7 9,44 75)3
Repeatabilitly standard deviation-s; 01 04 3,0 01 01 0.9
mg/100 g
Reproducibility standarddeviation sg, 0,14 0,74 13 0,54 0,26 m
mg/100 g
poefficient off variation of repeatabil- 3.4 18 15 1,0 13 11
ity, Cyr, %
qugfflc1ent ofvarlatlon of reproduc- 6.2 3.6 6.5 5,0 2.8 5.9
ibility, Cyr, %
Repeatability limit r [r = 2,8 x s/], 0,21 10 8.5 0,30 0,34 24
mg/100 g
Reproducibility limit R [R = 2,8 x sg], 0,39 21 37 15 0,7 12
mg/100 g
HorRat value 0,62 0,51 1,3 0,63 0,34 1,0

a  Butter, b Cheese, ¢ Whey, d Whole Milk, e Milk PWD, f WPC, 8 Below (equivalent, as-is) SMPR limit.

NOTE Results are on an as-is basis for all matrices (e.g. mg/100 g of butter, cheese, etc.) except for milk powder, for which
results are in mg per 100 g of the reconstituted powder (25 gin 200 g water).
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Table A.7 — Precision data for manganese in milk and milk products

Sample 1a 2b 3c 4d 5e 6f
Year of interlaboratory test 2016 2016 2016 2016 2016 2016
Number of laboratories submitting 9 10 8 10 10 9
results
Number of outliers (laboratories) 2 0 4 1 1 2
Nl_ml_ber_oflabor_atorles retained after 7 10 4 9 9 7
eliminating outliers
Number of accepted results 14 20 8 18 18 14
Mean value, mg/100 g 0,000828s| 0,0143 | 0,006 648 | 0,00228 | 0,002a8(| 0,008 03
Repgatability standard deviations, | 50037 | 0,00044 | 0,00048 |0,000082 | 0,000043| 0,00035
mg/100 g
Reproducibility standard deviation sg, | 56052 | 0,000 68 | 0,00069 | 0,000 150,000 11| 0,000 42
mg/100 g
Floefflaent of variation of repeatabil- 44,8gh 3.1 73gh 3.6 2.0 43
ity, Ay, %
Qggff1c1ent of variation of reproduc- 63,38h 48 10,4 6,4 5,2 5,2
ibilitly, Cyr, %
Repgatability limit r [r = 2,8 x 5], 0,0010 | 00012 | 00014 | 0,00023 | 0,00012|| 0,0010
mg/100 g
Repfoducibility imit R [R=28xsgl, | (0015 | 000190700019 | 0,00041 | 0,00032|| 0,0012
mg/100 g
HorRat value 1,9 0,22 0,43 0,23 0,18 0,22
a  Butter, b Cheese, ¢ Whey, d Whole Milk, ¢ Milk PWD, £WPC, g Below (equivalent, as-is) SMPR limit anjd below LOQ,
h Failled SMPR reproducibility or repeatability criteria.
NOTE Results are on an as-is basis for all matrices (€:g. mg/100 g of butter, cheese, etc.) except for milk pow{der, for which
resulfts are in mg per 100 g of the reconstituted powder (25 gin 200 g water).

Table A.8 — Precision.data for molybdenum in milk and milk products

Sample 1a 2b 3c 4d 5e 6f
Year|of interlaboratory test 2016 2016 2016 2016 2016 2016
Number of laboratories submitting 8 8 7 8 8 8
results
Number of outliers (Jaboratories) 2 0 2 0 0 0
Number of laboratéries retained 6 3 5 3 3 3
after eliminating‘outliers
Number of.accepted results 12 16 10 16 16 16
Mean yalue, mg/100 g 0,0033s | 0,0115 0,081 3 0,003 7 0,003 4 0,162

i N TS 4 | pa DA | P

Repéatabitity standard deviations; 0,00019 | 0,00015 | 0,0011 0,000 057 | 0,000034 | 0,0025
mg/100 g
Reproducibility standard deviation | o 560 19 | 0,00040 | 0,0030 | 0,000081 | 0,00011 | 0,0043
sg, mg/100 g
Coefficient of variation of repeat- h
ability, Cyr, % 57 1,3 1,3 1,5 1,0 1,6

a  Butter, b Cheese, ¢ Whey, d Whole Milk, ¢ Milk PWD, f WPC, g Below (equivalent, as-is) SMPR limit, h Failed SMPR
reproducibility or repeatability criteria.

NOTE 1 These milk and milk products were not studied in ISO 20649 | IDF 235, although there were other collaborative
data for molybdenum by the same method.

NOTE 2 Results are on an as-is basis for all matrices (e.g. mg/100 g of butter, cheese, etc.) except for milk powder, for which
results are in mg per 100 g of the reconstituted powder (25 gin 200 g water).
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Table A.8 (continued)
Sample 1a 2b 3c 4d 5e 6f
Coefficient of variation of reproduc- 5,7 35 3.6 22 3.4 27

ibility, Cyr, %
Repeatability limit r [r = 2,8 x s/],

0,00053 | 0,00043 | 0,0031 0,000 16 0,000 094 | 0,0070

mg/100 g
Reproducibility limit R [R=2,8 xsgl.| 90053 | 00011 | 00083 | 000023 | 000032 | 0,012
mg/100 g
HorRat value 0,21 0,16 0,22 0,080 0,13 0,18
a  Butter, b Eieese,—Wiey,+Wiote PYE : : SMPR et $MPR
reproducibilifly or repeatability criteria.
NOTE 1 Thege milk and milk products were not studied in ISO 20649 | IDF 235, although there were otherscollaborative
data for molybdenum by the same method.
NOTE 2 Resullts are on an as-is basis for all matrices (e.g. mg/100 g of butter, cheese, etc.) except for milk powder, for which
results are injmg per 100 g of the reconstituted powder (25 g in 200 g water).
Table A.9 — Precision data for sodium in milk and milk preducts

Sample 1a 2b 3c 4d 5e 6f
Year of inter|aboratory test 2016 2016 2016 2016 2016 2016
Number of 13boratories submitting 10 10 10 10 9 1
results
Number of ojutliers (laboratories) 0 0 0 0 2 0
Ngm_ber_oflz bor.atorles retained after 10 10 10 10 7 1
eliminating putliers
Number of afcepted results 20 20 20 20 14 2
Mean value, mg/100 g 243 1014 868 37,5 33,6 265
Repeatability standard deviation s, 79 17,8 115 0,4 0,6 31
mg/100 g
Reproducibility standard deviation sg, 13 79 156 17 11 17
mg/100 g
_Coeff1c1ent df variation of repeatabil- 3,2 18 13 0,9 18 1B
lty, CV,r, %
_Coeff1c1ent of variation of reproducibil- 5,2 78 18¢ 46 3,2 6.5
ity, Cyr, %
Repeatability limit r [r = 2(8.%75,], 22 50 32 10 17 o,k
mg/100 g
Reproducibility limit\R{R = 2,8 x sg], 36 222 437 49 3.0 48
mg/100 g
HorRat valug 1,1 2,0 4,4 0,70 0,48 1,B
a  Butter, b Cheese, ¢ Whey, d Whole Milk, ¢ Milk PWD, fWPC, g Failed SMPR reproducibility or repeatability criteria.
NOTE Results are on an as-is basis for all matrices (e.g. mg/100 g of butter, cheese, etc.) except for milk powder, for which
results are in mg per 100 g of the reconstituted powder (25 gin 200 g water).
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Table A.10 — Precision data for phosphorous in milk and milk products

Sample 1a 2b 3c 4d 5e 6f
Year of interlaboratory test 2016 2016 2016 2016 2016 2016
Number of laboratories submitting 10 8 9 10 10 10
results
Number of outliers (laboratories) 0 4 2 0 0 0
Nl_ml_ber_oflabor_atorles retained after 10 4 7 10 10 10
eliminating outliers
Number of accepted results 20 8 14 20 20 20
Mean value, mg/100 g 26,18 867 983 95,0 87,5 516
Repgatability standard deviation sy, 12 10 14 15 oy 14
mg/100 g
Reptioducibility standard deviation 15 50 181 3,7 48 30
sg,mMg/100 g
Floefficient of variation of repeatabil- 45 1,2 15 16 2.0 27
ity, Ay, %
Qggff1c1ent of variation of reproduc- 5.9 5,8 18,4h 39 5,5 5,9
ibilitly, Cyr, %
Rep¢atability limit r [r=2,8 x s/], 3,3 28 40 4 48 39
mg/100 g
Reprjoducibility limit R [R = 2,8 x sg], 43 141 506 10 14 85
mg/100 g
HorRat value 0,85 14 4,6 0,69 0,96 1,3
a  Butter, b Cheese, ¢ Whey, d Whole Milk, ¢ Milk PWD,-8WPC, g Below (equivalent, as-is) SMPR limit, [} Failed SMPR
repraducibility or repeatability criteria.
NOTE Results are on an as-is basis for all matrices (€:g. mg/100 g of butter, cheese, etc.) except for milk pow{der, for which
resulfts are in mg per 100 g of the reconstituted powder (25 gin 200 g water).

Table A.11 — Precision data for selenium in milk and milk products

Sample 1a 2b 3c 4d 5e 6f

Year|of interlaboratory test 2016 2016 2016 2016 2016 2016
Number of laboratories submitting 8 7 7 8 8 8
results
Number of outliers (Jaboratories) 0 3 2 0 1 0
Ngm ber'of labor.atories retained after 8 4 5 8 7 8
elim|nating outliers
Numlber of accepted results 16 8 10 16 14 16
Mean yalue, mg/100 g 0,00078 | 0,0055 0,015 0,001 8 0,001 3 0,0305
Re i N TS 4 | pa DA | P

pEatabHIty StanaardaevIaton sy 0,00010 | 0,00022 | 0,0011 | 0,00011 | 0,000041 | 0,0020
mg/100 g
Reproducibility standard deviation s, | 50022 | 0,00036 | 0,0014 | 0,00014 | 0,000071 | 0,0020
mg/100 g
f:oefflcuznt of variation of repeatabil- 141gh 40 7.0h 6,1h 3,2 6,4
ity, Cvrn %

data for selenium by the same method.

a  Butter, b Cheese, ¢ Whey, d Whole Milk, ¢ Milk PWD, f WPC, g Below (equivalent, as-is) SMPR limit and below LOQ,
h Failed SMPR reproducibility or repeatability criteria.

NOTE 1 These milk and milk products were not studied in ISO 20649 | IDF 235, although there were other collaborative

NOTE 2 Results are on an as-is basis for all matrices (e.g. mg/100 g of butter, cheese, etc.) except for milk powder, for which
results are in mg per 100 g of the reconstituted powder (25 gin 200 g water).
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Table A.11 (continued)

Sample 1a 2b 3¢ 4d 5e 6f
Coeff1c1e0nt of variation of reproducibil- 31,3gh 6.5 9,6 78 5,4 6,4
ity, Cyr, %
Repeatability limitr [r=2,8 xs], 0,00028 | 0,00061 | 0,0029 | 0,00031 | 0,00012 | 0,0055
mg/100 g
Eg}’gmdu“blhty lmit R [R = 2,8  sg], 0,001 | 0,0010 | 0,0040 | 0,00039 | 0,00020 | 0,0055
HorRat value 0,92 0,26 0,45 0,27 0,18 0,34
a Butter, b [Cheese, W ey, tWhote Mitk, =Mtk PWD, WPt = Below fequivatent, as-15) SMPRmitamd betow]LOQ,
h Failed SMPR|reproducibility or repeatability criteria.
NOTE 1 Thege milk and milk products were not studied in ISO 20649 | IDF 235, although there were otherscollaborative
data for selenjum by the same method.
NOTE 2 Resullts are on an as-is basis for all matrices (e.g. mg/100 g of butter, cheese, etc.) except for milk powder, for which
results are injmg per 100 g of the reconstituted powder (25 gin 200 g water).

Table A.12 — Precision data for zinc in milk and milk products

Sample 1a 2b 3c 4d 5e 6f
Year of inter|aboratory test 2016 2016 2016 2016 2016 2016
Number of 13boratories submitting 10 10 9 10 10 1
results
Number of ojutliers (laboratories) 0 0 2 0 0 1
Ngm_ber.oflz bor.atories retained after 10 10 7 10 10 9
eliminating putliers
Number of afcepted results 20 20 14 20 20 18
Mean value, mg/100 g 0,084 48 2,46 0,1828 0,388 0,356 0,8f1
Repeatability standard deviation s, 0,028 0,029 0,006 2 0,004 2 0,004 2 0,014
mg/100 g
Reproducibility standard deviation sg, 0,042 0,105 0,043 0,010 0,017 0,082
mg/100 g
_Coefficient df variation of repeatabil- 33gh 12 3.4 11 12 1y
lty, CV,r, %
_Coefficient of variation of reproducibil- 50gh 43 24gh 2.6 49 3
ity, Cyr, %
Repeatability limit r [r = 28.x%5], 0,0780 | 0,082 0,017 0,012 0,012 | 0,040
mg/100 g
Egeygr"d““bl ity NmitR{R = 2,8 x sgl, 0,118 0,29 0,12 0029 | 0048 | 0,0p0
HorRat valug¢ 3,0 0,43 1,6 0,20 0,37 0,32

a  Butter, b Cheese, ¢ Whey, d Whole Milk, ¢ Milk PWD, f WPC, g Below (equivalent, as-is) SMPR limit and below LOQ,
h Failed SMPR reproducibility or repeatability criteria.

NOTE Results are on an as-is basis for all matrices (e.g. mg/100 g of butter, cheese, etc.) except for milk powder, for which
results are in mg per 100 g of the reconstituted powder (25 gin 200 g water).
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