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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.

different types of ISO documents should be noted. This document was drafted in accordande\with the

editorial ru

Attention is

es of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

drawn to the possibility that some of the elements of this document may‘be the subject of

patent rights. ISO shall not be held responsible for identifying any or all such patent+ights. Detalils of
any patent rjights identified during the development of the document will be in thé)Introduction and/or

on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade n
constitute a

For an exp
assessment,
to Trade (TH

The commi
determinati

hme used in this document is information given for the convenience of users and doefs not
h endorsement.

anation on the meaning of ISO specific terms and\expressions related to conformity
aswell asinformation about ISO’s adherence to the W.I0 principles in the Technical Barfriers
T) see the following URL: Foreword - Supplementary information

[tee responsible for this document is ISO/TE 17, Steel, Subcommittee SC 1, Methods of
n of chemical composition.
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INTERNATIONAL STANDARD ISO 13933:2014(E)

Steel and iron — Determination of calcium and

magnesium — Inductively coupled plasma atomic emission

spectrometric method

1 Scope

This[[nternational Standard specifies a method for determination of calcium and magnesiunll contents in

iron,|castiron, steel, and alloyed steel by inductively coupled plasma (ICP) atomic emissiensg

The method is applicable to the determination of calcium and magnesium contefits:(mass
the rpnge of 0,000 5 % to 0,006 % and 0,000 5 % to 0,20 %, respectively.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this documn
indigpensable for its application. For dated references, only the edition cited applies. I
referfences, the latest edition of the referenced document (including any amendments) appl

[SO 385, Laboratory glassware — Burettes

ISO 448, Laboratory glassware — Single-volume pipettes

ISO 1042, Laboratory glassware — One-mark volumetric flasks

ISO 3696, Water for analytical laboratory use=- Specification and test methods

ISO 14284, Steel and iron — Sampling @nd preparation of samples for the determination
composition

3 Principle

A test portion is dissolved)in a hydrochloric, nitric and hydrofluoric acid mixture and
perchloric acid. Hydroehleric acid, nitric acid, and an internal standard element (if used) ar
the golution is diluted-to a known volume. The solution is filtered if necessary, nebulized
specfrometer andthe intensity of the emitted light from each element measured simultan
the intensity of the light emitted by the internal standard element.

4 Reagents

ectrometry.

fraction) in

ent and are
For undated
es.

of chemical

fumed with
e added and
into an ICP
eously with

During the analysis, unless otherwise stated, use only reagents of recognized analytical grade with very

low calcium and magnesium contents and only grade 2 water as specified in ISO 3696.
4.1 Pure iron, containing less than 0,5 pg/g of calcium and magnesium.

4.2 Hydrochloric acid, p about 1,19 g/ml.

4.3 Hydrochloric acid, p about 1,19 g/ml, diluted 1 + 1.

4.4 Hydrochloric acid, p about 1,19 g/ml, diluted 1 + 4.

4.5 Hydrochloric acid, p about 1,19 g/ml, diluted 1 + 100.

© IS0 2014 - All rights reserved
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acid, p about 1,42 g/ml.

Hydrofluoric acid, p about 1,14 g/ml.

loric acid, p about 1,67 g/ml.

Acid mixture.

Mix two volumes of hydrochloric acid (4.2), one volume of nitric acid (4.6), and three volumes of water.

4,10 Calciy

4.10.1 Cald

Dry several
for at least 1
the dried pr
and heat ge
solution intq

1 ml of this

4.10.2 Cald

Transfer 10,
of hydrochlg

1 ml of this

4.10.3 Cald

Transfer 10,
10 ml of hyd

1 ml of this

4.10.4 Cald

Transfer 10,
10 ml of hyd

1 ml of this

m standard solutions.

ium stock solution, corresponding to 1 000 mg of calcium per litre.

grams of calcium carbonate [purity 299,9 % (mass fraction)] in an oven_at’100 °C 4
h and cool to room temperature in a desiccator. Weigh, to the nearest 0,000 1 g, 2,49

oduct into a 400 ml beaker, add 20 ml of hydrochloric acid (4.3), cover with a watch-

htly until the product is completely dissolved. Cool to room température and transfe
a1 000 ml one-mark volumetric flask. Dilute to the mark with water and mix.

stock solution contains 1,000 mg of calcium.

ium standard solution A, corresponding to 100 mg of.calcium per litre.
ric acid (4.4). Dilute to the mark with water and'mix.

standard solution contains 0,100 mg of calcium.

ium standard solution B, corresponding to 10 mg of calcium per litre.

00 ml of calcium standard solution A (4.10.2) into a 100 ml one-mark volumetric flask
rochloric acid (4.4). Dilute toithe mark with water and mix.

btandard solution contains-0,010 mg of calcium.

ium standard solution C, corresponding to 1,0 mg of calcium per litre.

00 ml of calcitm standard solution B (4.10.3) into a 100 ml one-mark volumetric flask
rochloric acid (4.4). Dilute to the mark with water and mix.

standardisolution contains 0,001 mg of calcium.

4.11 Magn

00 ml of calcium stock solution (4.10.1) into a 100.m1 one-mark volumetric flask. Add 1

5°C
[ g of
class
r the

0 ml

Add

Add

pSium standard solutions

4.11.1 Magnesium stock solution, corresponding to 1 000 mg of magnesium per litre.

Weigh, to the nearest 0,000 1 g, 1,000 g of pure magnesium [purity 299,9 % (mass fraction)] and transfer
into a 250 ml beaker. Add 20 ml of water, then add hydrochloric acid (4.3) drop by drop while swirling
until the acid action ceases and continue adding hydrochloric acid (4.3) to a total volume of 20 ml. Cover
with a watch-glass and heat to boil for 10 min. After cooling, transfer the solution quantitatively into a
1 000 ml one-mark volumetric flask. Dilute to the mark with water and mix.

1 ml of this stock solution contains 1,000 mg of magnesium.

© ISO 2014 - All rights reserved
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4.11.2 Magnesium standard solution A, corresponding to 100 mg of magnesium per litre.

Transfer 10,00 ml of magnesium stock solution (4.11.1) into a 100 ml one-mark volumetric flask. Add
10 ml of hydrochloric acid (4.4). Dilute to the mark with water and mix.

1 ml of this standard solution contains 0,100 mg of magnesium.

4.11.3 Magnesium standard solution B, corresponding to 10 mg of magnesium per litre.

Transfer 10,00 ml of magnesium standard solution A (4.11.2) into a 100 ml one-mark volumetric flask.
Add 10 ml of hydrochloric acid (4.4). Dilute to the mark with water and mix.

1 mlof this standard solution contains 0,010 mg of magnesium.

4.11}4 Magnesium standard solution C, corresponding to 1,0 mg of magnesium peritre.

Trangfer 10,00 ml of magnesium standard solution B (4.11.3) into a 100 ml onezmark volumetric flask.
Add 110 ml of hydrochloric acid (4.4). Dilute to the mark with water and mix.

1 ml jof this standard solution contains 0,001 mg of magnesium.

4.12| Yttrium internal standard solution, corresponding to 10@img of yttrium per litre.

Calcine several grams of yttrium oxide [purity 2999 % f(mass fraction)] in a muffld furnace at
850 {C + 10 °C for at least 40 min and then cool to room temperature in a desiccator. Weigh| 0,127 0 g of
the cplcined product into a 400 ml beaker, add 10 ml of hydrochloric acid (4.3), cover with a watch-glass,
and heat gently until the product is completely dissolved. Cool to room temperature and transfer the
solutiion to a 1 000 ml one-mark volumetric flask. Dilute to the mark with water and mix.

1 ml|of this standard solution contains 0,100 mg of yttrium.

5 Apparatus

All vplumetric glassware shall be elass A and calibrated in accordance with ISO 385, ISO 648,jor SO 1042,
as agpropriate.

Ordihary laboratory apparatus and the following shall be used.

5.1 | Inductively coupled plasma atomic emission spectrometer

The [inductively.€oupled plasma atomic emission spectrometer used will be satisfactpry if, after
optithizing aegcording to 7.4, it meets the performance criteria given in 5.1.2 to 5.1.4.

The $pectiometer can be either a simultaneous or a sequential one. If a sequential spectrormeter can be
equipped with an extra arrangement for simultaneous measurement of the internal standad line, it can
be usedwithrtheitermatstardard-techmique- 1 the sequentiat spectrometer is ot equipped with this
arrangement, the internal standard cannot be used and an alternative technique without an internal
standard shall be applied.

5.1.1 Analytical wavelengths

This method does not specify any particular emission line. It is mandatory that each laboratory carefully
investigates the wavelengths available on its own equipment to find the most suitable one regarding
sensitivity and absence of interferences.

In Table 1, however, several suggestions are given together with possible interferences. These
wavelengths have been carefully investigated

© ISO 2014 - All rights reserved 3
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The wavelength of the internal standard element chosen shall not interfere with the analytical
wavelengths, nor should the internal element wavelength be interfered by elements present in the test
solution. It is, however, recommended to use Y 371,03 nm or Y 360,07 nm. This wavelength is free of
interferences from the elements.

Table 1 — Analytical wavelengths together with interfering elements

Element Wavtrallr(ralngth Possible interferences

Ca 393,66 none

Ivig 279,55 ITOIIC

v 371,03 none

360,07 none
Other elemgnts can be used as internal standards, but they shall not be present jn-tlie sample} and
shall not inferfere with the elements to be determined at the appropriate wavelengths. Likewisg, the
elements present in the test solution shall not interfere with the internal standard at the wavelgngth

chosen. The

5.1.2 Min

Calculate th
0,030 nm.

5.1.3 Min

excitation requirements of the internal standard should be similarfo those of the elenpients
to be determined.

imum practical resolution of the spectrometer

e bandwidth, according to A.1, for the wavelength used. The bandwidth shall be less

imum short-term precision

Calculate the short-term precision according to A.2, The relative standard deviation (RSD) shal

exceed 1 %
of detection
exceed 5 %.

5.1.4 Lim

Calculate th
shall be beld

of the mean absolute or ratioed intensities for concentrations 100 to 1 000 times the
(LOD) (5.1.4). For concentrations that are 10 to 100 times the LOD (5.1.4), the RSD sha

it of Detection (LOD) and-Limit of Quantification (LOQ)

e LOD and LOQ, according to A.3, for the analytical wavelengths used. The calculated v
w the values givendn-Table 2.

Table 2 —Limit of Detection (LOD) and Limit of Quantification (LOQ)

than

I not
limit
I not

hlues

Efenient Wavelength LOD LOQ
nm mg/l mg/l

Ca 393,66 0,003 4 0,010
Mg 27955 0,004.6 0,014.

5.1.5 Linearity of the calibration curve

The linearity of the calibration curve is checked by calculating the correlation coefficient. This coefficient
shall be higher than 0,999.

5.2 Polytetrafluoroethylene (PTFE) beakers with PTFE cover

NOTE For the determination of magnesium, glass beakers and watch-glass covers can be used.

5.3 Volumetric flask, of capacity 100 ml, made of polypropylene or polyethylene terephthalate (PET).

4 © ISO 2014 - All rights reserved
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5.4 Filter, 0,22 pym pore size, 47 mm diameter PTFE, or polycarbonate filter membrane.

5.5 Suction filtration system, including a flask, a filter funnel, and a vacuum filtration device.

6

Sampling

Sampling shall be carried out in accordance with ISO 14284 or with an appropriate national standard
for steels and cast irons.

7

Procedure

WARNING — Perchloric acid vapour can cause explosions in the presence of afimonia, nitrous

fumes, or organic matter in general.

All glassware and plasticware shall first be washed with hydrochloric acid (453), then with water. The
quantities of calcium and magnesium in the glassware and plasticware canbe checked by measuring
the iptensity of the emitted light of water poured into glassware and plasticware after wlashing with
acid pnd rinsing with water. If contamination from calcium and magneSium is present, thle glassware

and

lasticware are unsuitable and should be replaced or cleaned again.

For each set of determinations, all reagents, including water, calibration and test solutions, ghall be from

the spme batch.

7.1

Test portion

Placg the sample or the pure iron in a PTFE beaker; Add 10 ml of hydrochloric acid (4.5) ahd swirl the
beaker gently. Discard the hydrochloric acid sglution and rinse the sample thoroughly [with water.
Repdat the rinsing, firstly with anhydrous ethanol and then with acetone. Once dried, welgh 0,50 g of

the test sample to the nearest 0,001 g.

7.2

Blank test

In pdrallel with the determination‘and following the same procedure, carry out a blank tgst using the

samg¢ quantities of all the reagents as for the test portion including pure iron (4.1).
7.3

7.3.1 Preparation‘of the test solution

d)

Determination

Place the‘test portion into a PTFE beaker.

Add<6¥ml of hydrochloric acid (4.2) and 3 ml of nitric acid (4.6). Heat gently until the acid action
¢eases. Add 3 ml of hydrofluoric acid (4.7) and heat at approximately 90 °C for 15 min.

Cool the solution and add 5 ml of perchloric acid (4.8). Heat and evaporate until white fumes appear.
Cover the beaker with a PTFE cover, and continue heating at a temperature at which a steady reflux
of white perchloric acid fumes is maintained along the walls of the beaker. Continue heating until
the residual volume is about 1 ml.

NOTE It is recommended to cover the beaker with a PTFE cover only for samples with high carbon
content in order to dissolve the free carbon completely during the perchloric acid fuming step.

Allow to cool, add 10 ml of the mixture of hydrochloric and nitric acid (4.9), and heat gently to
dissolve the salts.

Cool the solution to room temperature. Transfer the solution quantitatively into a 100 ml one-
mark polypropylene or polyethylene terephthalate volumetric flask (5.3). If the internal standard

© IS0 2014 - All rights reserved 5
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technique is used, add 1,0 ml of the yttrium internal standard solution (4.12). Dilute to the mark
with water and mix.

If some insoluble residue is presentin the test solution, filter the solution as described in 7Z.3.2. Otherwise,
omit the filtration step.

7.3.2 Filtration of the test solution

Place a filter (5.4) in the suction filtration system (5.5), wash it several times with warm hydrochloric
acid (4.4) and then with warm water. Filter a portion of the test solution (7.3.1). Discard the washings
and filtrate from the flask.

NOTE A
in the filter p
careful to av

Take a clean|

the same filgration system and collect the filtrate in the flask. Transfer the filtrate into-a 100 ml dry

mark polypi

directly by inductively coupled plasma atomic emission spectrometry.

7.3.3 Preparation of the calibration solutions

Place 0,500

Proceed as {

Cool the soljutions to room temperature. Transfer the solutions quantitatively into a series of 1(

one-mark p
technique is
mark polypi

Add the vol
Table 3, Tab

filter paper can also be used for filtration, but operators have to pay attention to the blank of ca
id blockage of the nebuliser.

and dry flask to collect the filtrate. Filter a second portion of the test solutién (7.3.1) thr

opylene or polyethylene terephthalate volumetric flask (5.3). The filtrate will be meag

p + 0,005 g of pure iron (4.1) into a series of 200 ml PTFE-beakers.
pecified in 7.3.1 b) to e).

blypropylene or polyethylene terephthalate volumetric flasks (5.3). If the internal stan
used, add 1,0 ml of yttrium internal standard solution (4.12) to each of the series of]
opylene or polyethylene terephthalate volumetric flask.

umes of calcium standard solutions‘and magnesium standard solutions, as indicat
e 4, and/or Table 5. The calibration solutions for calcium and magnesium can be pref

in the same

volumetric flasks, where appropriate.

cium

hper. Alternatively, the residue can be allowed to settle before aspiration but the operatdr'should be

ough
one-
ured

0 ml
dard
one-

bd in
ared

Dilute to thg mark with water and mix.
Table 3 — Calibration’for calcium mass fractions between 0,000 5 % and 0,006 %
Calibration Volume of ¢alcium Volume of calcium | Concentration of cal- | Corresponding ¢al-
solution standard sohution C | standard solution B | cium in the calibra- |cium mass fracti(Tn in
(4.10.4) (4.10.3) tion solution the test portion
label
ml ml pg/ml %
So 0 0 0 0
Sca1 2,00 0 0,020 0,000 4
Sca,2 4,00 0 0,040 0,000 8
Sca,3 6,00 0 0,060 0,001 2
Sca4 10,00 0 0,10 0,002 0
Scas 0 2,00 0,20 0,004 0
Sca,6 0 3,00 0,30 0,006 0
6 © ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=e09571a7e7c7e96577bc8ec58a9c92b6

IS0 13933:2014(E)

Table 4 — Calibration for magnesium mass fractions between 0,000 5 % and 0,010 %

Volume of magne-

Volume of magne-

Concentration of

Corresponding mag-

Calibration | . . magnesium added in | nesium mass fraction
solution | Siumstandardsolu- | sium standard solu- | 3, " jipration solu- | in the test portion
tion C (4.11.4) added | tion B (4.11.3) added .
label tion %
ml ml
g/ml

So 0 0 0 0
SMg,1 1,00 0 0,010 0,000 2
SMg,2 2,50 0 0,025 0,0005
Mg, 3 5,00 0 0,050 0,401 0
§mg 4 10,00 0 0,10 0,402 0
IMg,5 0 2,50 0,25 0,050
Mg, 6 0 5,00 0,50 0,010

Table 5 — Calibration for magnesium mass fractions between 0,010 % and 0,20 %

Concentration of Corresponding mag-
. . Volume of magne- Volume of magne- . . . .
Calipration | . . magnesium added in | nesium mpss fraction
sojution | Siumstandardsolu- | sium standard solu- |}, o Sep ovion solu- | in the test portion
tion B (4.11.3) added | tion A (4.11.2) added .
Iabel tion %o
ml ml
pg/ml
So 0 0 0 0
$Mg,6 5,00 0 0,50 0,010
$Mg,7 10,00 0 1,00 0,020
Mg, 8 0 2,50 2,50 0,050
$Mg,9 0 5,00 5,00 0100
SMg,10 0 10,00 10,00 0,200
7.4 | Adjustment of the apparatus

Start

the inductively coupled_plasma atomic emission spectrometer and let it stabilize in|

with|the manufacturer’s instructions before any measurement.

Optimize the instrument according to the manufacturer’s instructions.

Preppre the software to measure the intensity, and for the calculation of the mean value

stangdlard devdation corresponding to each analytical line.

If an

interimal standard is used, prepare the software to calculate the ratio between

accordance

And relative

the analyte

inter]sity and the internal standard intensity. The intensity of the internal standard shall e measured

3 1. 1 adele 41 ) . ade il
Sll’l’luuducuumy WILIT LT dlIdly LT IIILTIIS I Y.

Check the instrument performance requirements given in 5.1.2 to 5.1.5.

7.5 Measurement of the calibration solutions

Measure the absolute intensities or the ratioed intensities of the analytical wavelength beginning with
the lowest calibration solution Sp and ending up with the highest calibration solution.

Measure each of the calibration solutions three times and calculate the mean intensities.

Subtract the mean absolute intensity or the mean ratioed intensity (I ¢ ) of the calibration solution Sg
from the mean absolute intensity or the mean ratioed intensity (I i) of each calibration solution, in
order to obtain the net absolute intensity or the net ratioed intensity (I ¢ ).

© IS0 2014 - All rights reserved
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7.6 Plotting a calibration curve

Calculate the linear regression through the points representing the net intensities or the net ratioed
intensities of calcium or magnesium on the y-axis and the concentration, expressed in micrograms per

millilitre, of

calcium or magnesium in the calibration solution on the x-axis.

Calculate the correlation coefficient of each curve. This shall meet the specification given in 5.1.5.

7.7 Measurements of the test solution

Measure the absolute intensity or ratioed intensity of the test sample solution three times and calculate

the mean in

Subtract thd
absolute int
intensity or

8 Expre;

8.1 Meth

Using the lig
intensity of
test solution]

The mass fr

W.

where

|x vV x107°

fensities.

ensity or the mean ratioed intensity (/;) of each solution in order to obtain the net abs
the net ratioed intensity (In).

s5sion of results

pod of calculation

jear regression functions calculated in 7.6 and the net absolute intensity, or the net ra
'he test solution calculated in 7.7, calculate the concentration of calcium or magnesium i
, expressed in micrograms per millilitre.

hction of calcium or magnesium, expressed as aspercentage, wj, is given by Formula (1)

x100
m

pi ist
%4

m

8.2 Preci

A planned t
magnesium

Ty

is the volume of the test solution, in ml;

is the mass of the test pdrtion, in g.

ision

e concentration of calcium or magnesium in the test solution, in pg/ml;

Fial of this’/method was carried out by 10 laboratories at 6 levels of calcium and 8 lev
eachilaboratory making three determinations for each element at each level.

mean absolute intensity or the mean ratioed intensity (/p) of the blank test from the fnean

plute

tioed

n the

(0

bls of

ed in

NOTE 1

vo-of the three determinations were carried out under repeatability conditions, as definl

ISO 5725-1, i.e. one operator, same apparatus, identical operating conditions, same calibration, and a minimum

period of tim

NOTE 2
asin NOTE 1,

€.

using the same apparatus with a new calibration.

The test samples used are listed in Annex B.

The third determination was carried out at a different time (on a different day) by the same operator

Theresults obtained were treated statisticallyinaccordance with 1ISO 5725-1,1SO 5725-2,and ISO 5725-3.

© ISO 2014 - All rights reserved
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The relationship between the content of each element and the repeatability limit (r) and reproducibility
limits (Ry, and R) of the test results (see NOTE 3) are summarized in Tables 6 and 7. The graphical
representation of the data is shown in Annex C.

NOTE3  From the two values obtained on day 1 and the value obtained on day 2, the repeatability limit (r) and
reproducibility limits (R and Ry,) were calculated using the procedure specified in ISO 5725-3.

Table 6 — Calcium — Results for repeatability limit and reproducibility limits

ilitv limi Reproducibility limits
Mass fraction Repeatability limit p y
A r Ry R
70 (mass fraction) % (mass fraction) % (mass fraction)
0,000 5 0,000 16 0,000 25 0,000 49
0,001 0 0,000 23 0,000 33 0,000 67
0,002 0 0,000 33 0,000 43 0,000 92
0,0050 0,000 53 0,000 60 0,001 40
0,006 0 0,000 58 0,000 65 0,001 52

Table 7 — Magnesium — Results for repeatability limit and reproducibility limits

Repeatability limit Reproducibility limits
Mass foraction R . R R
% % (mass fraction) %-(mass ‘fvraction) % (mass firaction)
0,0005 0,000 15 0,000 13 0,009 38
0,001 0 0,000 16 0,000 19 0,009 57
0,002 0 0,000 18 0,000 29 0,000 86
0,0050 0,000 25 0,000 51 0,001 49
0,0100 0,000:36 0,000 79 0,003 26
0,020 0 0,000 59 0,001 21 0,003 42
0,050 0,001 28 0,002 13 0,004 92
0,100 0,002 4 0,003 3 0,00p 0
0,150 0,003 6 0,004 2 0,011 4

9 Testreport
The test repert’shall include the following information:

a) themeéthod used by reference to this International Standard (i.e. ISO 13933:2014);

b) attinformation necessary for the identification of the sampie, the faboratory, and the date of analysis
or of the test report;

c) theresults and the form in which they are expressed;
d) any unusual features noted during the determination;

e) any operation not specified in this International Standard or any optional operation which might
have influenced the results;

f) signature of the responsible person.

© ISO 2014 - All rights reserved 9
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Annex A
(normative)

Procedure for the determination of instrumental criteria

A.1 Practical resolution of the spectrometer

The practical assessment of resolution normally involves a wavelength scan across the spectral like of

interest, plotting the profile, measurement of the peak width at half the peak height, and caleulatipn of
the resolutipn in nanometres. An example is shown in Figure A.1.
Y A
[}
E
&)
4 @
[
=
(5]
@
[aF]
. ¥ v,
213,80 nm 213,86 nm 21382 nm X
a
b | -
Resolution= (213,92-213,80) x % =0,016 (nm)
Key

X wavelength for zinc, nm
Y intensity (arbitrary unit)
a halfpeak width=2 cm

b peakwindow = 15 cm

Figure A.1 — Example of calculation of practical resolution
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A2

IS0 13933:2014(E)

Minimum short-term precision

An important parameter for assessing the suitability of an instrument for a given determination is the
short-term stability of the emission signal, i.e. the closeness of agreement between the values obtained
on the same test sample solution by repeating measurements in rapid succession.

It is expressed as a relative standard deviation (RSD) of the measurement signals.

Make 10 consecutive measurements on the same solution and calculate the RSD.

A3

The
metH

Prep
estin

Limit of Detection (1.OD) and Limit of Quantification (1.L0OQ)

imit of detection and limit of quantification represent two of the parameters.of an analytical

od. Both are derived from the standard deviation of the repeatability.

and matrix elements similar to those in the samples to be analysed.

Neby
time
10 ti

Fron
Zero

lize the zero test solution for approximately 10 s and then take 10 readings at the pre-se

mes the limit of detection (use LOD in Table 2).

| the intensity readings, calculate the mean intensities X9, Xo, and the standard dev
member sg.

are two solutions, each containing the analyte at a concentration level of,zero and 10 times the
pated limit of detection respectively. These solutions should also contaifconcentrations of acids

fintegration

Thereafter, do the same for the solution containing a concentration of the analyte approximately

ation of the

Calcylate the net mean intensity (Xn10) for the solution at 10 times the limit of detectign using the

folloy
X

ving formula:

h10= X10- Xo

Calcylate the limit of detection using Fermula (A.2):

whet

The |

OD = 4,65 x 54 x L2
nl0

e

10 is the concentration, expressed in mg/], of the solution at 10 times the limit of dete

imit of quantification is then given as

0Q=114,1x s % )’(’10

nl0

(A1)

(A.2)

ction.

(A.3)
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Annex B
(informative)

Additional information on international cooperative test

The test samples used are listed in Table B.1. Detailed results for calcium and magnesium obtained in
the international cooperative test are shown in Tables B.2 and B.3.

Tables B.2 a
on steel and|

The precisid

Table B.1 — Test samples used

nd B3 were derived from the results of an international analytical trial carried out.in
iron samples in five countries involving 10 laboratories.

n data are presented in graphical form in Annex C.

2011

Ca Mg
ID No. df CRM Type % (mass % (mass Composition
fraction) fraction)
60-1 GBWO01131a Low alloy castiron — 0,000 33 C3,3;S10,9; Cr 2,0; Mo 0,8
60-2 GBW01137a Low alloy castiron — 0,0010 C1,8;Si3,4;Ni1,1;Cul,7
60-3 GBY\V01622 Alloy steel 0,003 2 0,005 3 Cr 14,4; Ni 36,2; W 5,6; Ti 3,0; Mo 2,0; A] 1,9
60-4 GBW01619 Alloy steel 0,004 2 0,0082 Cr 14,5; Ni 38,0; W 5,6; Ti 2,8; M02,0; Al 1,6
60-5 GSB0341104-1999 | Nodular castiron — 0,022 C1,6;Si19
60-6 BHI914-1-1 Nodular cast iron — 0,090 C2,2;Si3,8
60-7 GSBO341813-2005 | A} castiron - 0,137 C2,6; Si 3,4; Cr 2,9; Ni 4,5; Mo 1,9
(T00$-1)
60-8 BSJA 316-4 316 stainless steel 0,005.6 — Cr 17,6; Ni 11,0; Mo 2,0; Mn 1,4
60-9 YSBS(165(3)27’5'2008 Stainless steel 0,000 4 - Cr 12,67; Ni 15,3; Cu 1,90; Mo 1,51; Nb ,1
60-10 Europorm-CRM Ductile_ (Nodufar) _ 0,050 7 €3,9:Si2,3; Nil2
4811 iron
60-11 Europorm-ZRM Low,aloy steel 0,002 6 - Mn 1,2; Cr 0,7
19411
60-12 AISI 1215Bi IARM Pow all teel 0001 _ Mn 0,9; P 0,07; S 0,3; Cr 0,04; Ni 0,04; Cu p,09;
233A walloy stee ' Bi 0,2
Tablg B.2+—=Detailed results obtained in international cooperative test for calcium
Calcium Precision data
% (mass fraction) % (mass fraction)
No. Sample Found Found Repﬁ?rtnaitt"hty Reproducibility limits
Certified
W ca1 W ca2 r Ry R
1 GBWO01622 0,003 2 0,003 286 0,003 311 0,000 739 0,000 739 0,001 435
2 GBW01619 0,004 2 0,003970 0,003 969 0,000 481 0.000 481 0,001 496
3 BSCA 316-4 0,005 6 0,005 588 0,005 551 0,000 298 0,000 742 0,000 990
4 YSBS15327-5-2008 (6G) 0,000 4 0,000 383 0,000 402 0,000 120 0,000 164 0,000 358

w Ca1 :general mean within a day.

W (.2 : general mean over several days.

12
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Table B.2 (continued)

IS0 13933:2014(E)

Calcium Precision data
% (mass fraction) % (mass fraction)
No. Sample Found Found Rep(i?;:lt"my Reproducibility limits
Certified
W Ca1 W Ca2 r Rw R
5 Euronorm-ZRM 194-1 0,002 6 0,002 524 0,002 534 0,000 479 0,000 479 0,001 137
6 AISI1215Bi IARM 233A 0,001 0,001 126 0,001 068 0,000 220 0,000 636 0,000 839

W (gl : general mean within a day.

w Ci : general mean over several days.

Table B.3 — Detailed results obtained in international cooperative testfor magnesium

Magnesium Precision dataj
% (mass fraction) % (mass fraction])
No. Sample Found Found Rep i?;?ilt’ility Reproducibility limits
Certified
W Mg1 W Mg r Rw R
1 GBWO01131a 0,000 33 0,000 337 0,000:339 0,000 207 0,000 207 0,000 242
2 GBWO01137a 0,001 0 0,000 884 0,000 889 0,000 092 0,000 139 0,000 719
3 GBW01622 0,0053 0,005 168 0,005 128 0,000173 0,000 208 0,000989
4 GBW01619 0,008 2 0,007 633 0,007 687 0,000 328 0,000 437 0,004 429
5 GSB03-1104-1999 0,022 0,021 875 0,021 850 0,000 874 0,001 723 0,001 966
6 BH1914-1-1 0,090 0,088 670 0,090 108 0,001 697 0,003 618 0,013 050
7 | | GSB03-1813-2005 (T006-1) 0,137 0,135033 0,134 358 0,003 840 0,003 840 0,011 219
8 Euronorm-CRM 481-1 0,050-7 0,051 694 0,051 821 0,001 144 0,0032 2 0,004 131
WMg1 : general mean within a day.

WMg

2 : general mean over several-days.
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