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Foreword 

This document (CEN/TR 10362:2014) has been prepared by Technical Committee ECISS/TC 102 “Methods 
of chemical analysis for iron and steel”, the secretariat of which is held by SIS. 

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent 
rights. CEN [and/or CENELEC] shall not be held responsible for identifying any or all such patent rights. 
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1 Scope 

This Technical Report specifies an electrothermal atomic absorption spectrometric method for the 
determination of selenium in steels. 

The method is applicable to selenium contents between 0,000 4 % (m/m) and 0,02 % (m/m). 

2 Normative references 

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

EN ISO 648, Laboratory glassware - Single-volume pipettes (ISO 648) 

EN ISO 1042, Laboratory glassware - One-mark volumetric flasks (ISO 1042) 

EN ISO 3696, Water for analytical laboratory use - Specification and test methods (ISO 3696) 

3 Principle 

Dissolution of a test portion in hydrochloric and nitric acids and dilution of the solution to a known volume. 

Introduction of a known volume of the solution into the electrothermal atomizer of an atomic absorption 
spectrometer. 

Measurement of the absorption of the 196,0 nm spectral line energy emitted by a selenium hollow-cathode 
lamp, using Zeeman effect background correction. 

Calibration by the standard addition technique. 

4 Reagents 

During the analysis, use only reagents of recognised analytical grade and only grade 3 water, as specified in 
EN ISO 3696. 

4.1 Nitric acid, HNO3 (ρ20 = 1,40 g/ml) 

4.2 Hydrochloric acid, HCl (ρ20 = 1,19 g/ml) 

4.3 Matrix modifiers 

The matrix modifiers described in 4.3.1 and 4.3.2 are recommended. Each laboratory has to investigate on its 
own equipment which of them is the most suitable, regarding sensitivity and recovery. 

4.3.1 Palladium-nickel modifier 

Prepare a palladium solution (1 mg/ml Pd) by dissolving 167 mg of PdCl2 in 100 ml of hot water and 1 ml of 
nitric acid (4.1). 

Prepare a nickel solution (1 mg/ml) by dissolving 1 g of nickel (Ni > 99,999 %) in 20 ml of water, 20 ml of nitric 
acid (4.1) and 5 ml of hydrochloric acid (4.1). Heat until the metal is dissolved. After cooling, transfer the 
solution into a 1 l one-mark volumetric flask, dilute to the mark with water and mix well. 

Into a 50 ml volumetric flask, mix 35 ml of the 1 mg/ml palladium solution with 15 ml of the 1 mg/ml nickel 
solution. This solution contains 700 μg/ml Pd and 300 μg/ml Ni. 

http://dx.doi.org/10.3403/30163411U
http://dx.doi.org/10.3403/30163411U
http://dx.doi.org/10.3403/02014283U
http://dx.doi.org/10.3403/00096581U
http://dx.doi.org/10.3403/00631297U
http://dx.doi.org/10.3403/00631297U
http://dx.doi.org/10.3403/00631297U
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4.3.2 Palladium-magnesium modifier 

Prepare a PdCl2 solution by dissolving 500 mg of PdCl2 in 100 ml of hot water and 1 ml of nitric acid (4.1). 

Prepare a Mg(NO3)2 solution by dissolving 350 mg of Mg(NO3)2 . 6H2O in 100 ml of water and 1 ml of nitric 
acid (4.1). 

Mix equal volumes of the PdCl2 solution and the Mg(NO3)2 solution. 

4.4 Selenium standard solution, 1 g/l 

Weigh , to the nearest 0,001 g, 1 g of high purity selenium [min 99,9 % (mass fraction)], transfer into a 100 ml 
beaker and cover with a watch glass. 

Dissolve it in 35 ml of nitric acid (4.1). Heat to complete dissolution at a temperature just below the boiling 
point (approximately 150 °C) during at least 30 minutes. After cooling, transfer the solution quantitatively into a 
1 000 ml one-mark volumetric flask, dilute to the mark with water and mix well. 

1 ml of this solution contains 1 mg of selenium. 

4.5 Selenium standard solution, 0,01 g/l 

Transfer 10,0 ml of selenium standard solution (4.4) into a 1 000 ml one-mark volumetric flask. Add 120 ml of 
hydrochloric acid (4.2) and 40 ml of nitric acid (4.1). Dilute to the mark with water and mix well. 

1 ml of this solution contains 0,01 mg of selenium. 

4.6 Pure iron, containing less than 0,000 1 % (mass fraction) of selenium 

5 Apparatus 

All volumetric glassware shall be Class A and calibrated, in accordance with ISO 648 or ISO 1042 as 
appropriate. 

Before use, all glassware shall be cleaned by boiling with hydrochloric acid to remove any chemical 
contamination. 

5.1 Auto sampler equipped with micropipettes of capacity 10 μl to 50 μl 

5.2 Atomic absorption spectrometer and electrothermal atomizer 

This shall be equipped with a selenium hollow-cathode lamp or an electrodeless discharge lamp and supplied 
with pure argon. 

The instrument shall be fitted with Zeeman effect background correction. 

An electrothermal atomizer equipped with a L’vov platform, mounted in a pyrolytically coated graphite tube, 
supplied with argon as purge gas, is recommended. 

The characteristic mass for selenium shall be less than 30 pg of selenium. 

6 Sampling 

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

http://dx.doi.org/10.3403/30163411U
http://dx.doi.org/10.3403/00096581U
http://dx.doi.org/10.3403/02664972U
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7 Procedure 

7.1 Test portion 

According to the expected selenium content (x) of the test sample, weigh to the nearest 0,1 mg, a test portion 
as indicated in Table 1. 

Table 1 — Mass of the test portion 

Expected selenium content (x) of 
the test sample 

(μg/g) 

Mass of the test portion 
(mg) 

x < 15 2 000 
15 ≤ x < 35 1 000 
35 ≤ x < 75 400 
75 ≤ x < 150 200 
150 ≤ x ≤ 200 100 

7.2 Blank test 

Carry out a blank test simultaneously with the determination, following the same procedure and using the 
same quantities of all reagents as used for the determination, but substituting pure iron (4.6) for the test 
portion. 

7.3 Preparation of the test solution 

Transfer the test portion (7.1) into a 250 ml beaker tall form. Cover the beaker with a watch glass and add 
10 ml of water, 10 ml of nitric acid (4.1) and 30 ml of hydrochloric acid (4.2). 

Heat at a temperature just below the boiling point (approximately 150 °C) during at least two hours. Allow to 
cool. If necessary, filter through a medium texture filter paper and collect the filtrate in a 250 ml one-mark 
volumetric flask. Wash the filter paper several times with hot water and collect the washings in the same 
250 ml volumetric flask. 

Allow to cool, dilute to the mark with water and mix. 

7.4 Preparation of the standard addition solutions for the test solution 

Into a series of 50 ml one-mark volumetric flasks introduce 25 ml aliquots of the test solution (7.3) and add the 
volumes of selenium standard solution (4.5) shown in Table 2. Dilute to the mark with water and mix. 

These solutions are labelled S1, S2, S3 and S4 respectively. 

Table 2 — Standard addition solutions for the test solution 

Label of the solution Selenium standard 
solution volume 

μl 

Concentration of selenium 
in the test addition 

solutions 
μg/ml 

S1 0 0 

S2 200 0,04 

S3 400 0,08 

S4 600 0,12 
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7.5 Preparation of the standard addition solutions for the blank test 

Into a series of 50 ml one-mark volumetric flasks introduce 25 ml aliquots of the blank solution (7.2) and add 
the volumes of selenium standard solution (4.5) shown in Table 3. Dilute to the mark with water and mix. 

These solutions are labelled B1, B2, B3 and B4 respectively. 

Table 3 — Standard addition solutions for the blank test 

Label of the solution Selenium standard 
solution volume 

μl 

Concentration of selenium 
in the test addition 

solutions 
μg/ml 

B1 0 0 

B2 200 0,04 

B3 400 0,08 

B4 600 0,12 

8 Measurements 

Set the required instrument parameters and align the electrothermal atomiser according to the manufacturer's 
instructions (see NOTE 1 and 2). 

Adjust the wavelength in the region of 196,0 nm to minimum absorbance. 

NOTE 1 The operating parameters for electrothermal atomic absorption spectrometry vary considerably from an 
instrument to another and much more than for flame atomic absorption spectrometry. Typical operating parameters are 
given in Annex A. Annex B details the instruments and the instrumental conditions used by the laboratories having 
participated to the interlaboratory test programme (see Clause10). 

Fill the auto sampler with the blank standard addition solutions (7.5), the test standard addition solutions (7.4) 
and the matrix-modifier (4.3.1 or 4.3.2). 

Inject sequentially 10 μl of each of the solutions 7.5 and 7.4 and add to each solution 10 μl of the matrix 
modifier (4.3.1 or 4.3.2). Measure the absorbance of each solution at the adjusted wavelength. Correct the 
absorbances for background simultaneously. 

NOTE 2 In general the absorbance is measured by peak height or peak area. The determination by peak area is 
recommended. 

9 Expression of results 

9.1 Plotting of the standard addition graphs 

Plot the absorbances corresponding to the blank standard addition solutions against the concentration of 
selenium added, expressed in μg/ml. 

Plot the absorbances corresponding to the test standard addition solutions against the concentration of 
selenium added, expressed in μg/ml. 

Use least squares regression method to calculate the lines for the blank standard addition solutions and for 
the test standard addition solutions. 
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9.2 Method of calculation 

Determine the concentrations of selenium, expressed in μg/ml, in the test solution and in the blank test C
S
 and 

C
B
 as the two intercepts on the concentration axis (see 9.1). 

The difference (C
S
 - C

B
) gives the net concentration of selenium in the test solution (solution S1). 

Calculate the selenium mass fraction, in per cent (%), as follows: 

S
Se

B

 

(  - ) x 2 x 250 x 100
 x 1000

CW C
m

=  

where: 

WSe is the selenium mass fraction in per cent (%); 

C
S
 is the selenium concentration in the test solution, in micrograms per millilitre (μg/ml); 

C
B
 is the selenium concentration in the blank test solution, in micrograms per millilitre (μg/ml); 

m is the mass of the test portion, in milligrams (mg). 

10 Precision 
Four laboratories in four European countries participated in an inter laboratory test programme under the 
auspices of ECISS/TC 102/WG 3, involving three determinations of selenium at nine levels. 

Each laboratory carried out two determinations under repeatability conditions as defined in ISO 5725-1, i.e. 
one operator, same apparatus, identical operating conditions, same standard addition solutions and a 
minimum period of time. The third determination was carried out on a different day using the same apparatus 
with different standard addition solutions. 

Details on the samples used are given in Annex C and the results obtained are reported in Annex D. 

The sets of data available were too few for a statistical evaluation based on ISO 5725-2 and ISO 5725-3 and 
CEN/TR 10345. Only Mandel’s h and k statistics were used (see Figures D.1 and D.2) rather for illustrative 
purposes. 

Annex D also provides some considerations on the data presented. 

11 Test report 

The test report shall contain the following information: 

a) identification of the test sample; 

b) method used; 

c) results; 

d) any unusual characteristics noted during the determination; 

e) any operation not included in this Technical Report or in the document to which reference is made or 
regarded as optional; 

f) date of the test and/or date of preparation or signature of the test report; 

g) signature of the responsible person. 

http://dx.doi.org/10.3403/02011502U
http://dx.doi.org/10.3403/02691896U
http://dx.doi.org/10.3403/02526933U
http://dx.doi.org/10.3403/30276857U
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Annex A 
(informative) 

 
Typical operating parameters 

A.1 Typical conditions for the determination of selenium by electrothermal atomic 
absorption spectrometry 

Injection volumes 10 μl of the test standard addition solutions and of the blank standard addition 
solutions and 10 μl of the matrix modifier solution; 

Matrix modifier Pd-Ni or Pd-Mg; 
Instrumental settings See Table A.1 

Table A.1 — Instrumental settings 

Wavelength 
nm 

Slit width 
nm 

Ashing 
temperature 

°C 

Atomisation 
temperature 

°C 

196,0 0,7 500 2000 

Background Correction: Zeeman effect; 

Typical temperature profile: see Table A.2; 

Table A.2 — Typical temperature profile 

Step Temperature 
°C 

Ramp 
s 

Hold 
s 

Gas flow 
ml/min 

Read 

1 100 10 10 300   
2 140 10 20 300   
3 500 10 20 300   
4 2000 0 4 0 YES 
5 2800 10 2 300   

Measurement mode: Peak area; 

Integration time: 4 s. 

A.2 Performance criteria 

Detection limit 0,02 µg/ml Se 
Characteristic mass < 30 pg Se 
Maximum concentration 0,4 µg/ml Se 

A.3 Criterion for graph linearity 

A.3.1 General 

In the case of standard addition method, the graph linearity should be checked as described in A.3.2 and 
A.3.3. 
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A.3.2 Linearity of the blank standard addition graph 

Having established the blank standard additions graph, the slope of the graph covering the top concentration 
range, B3 to B4 (expressed as a change in absorbance) should preferably not be less than 0,90 times of the 
value of the slope of the bottom concentration range, B1 to B2 (expressed as a change in absorbance). 

A.3.3 Linearity of the test standard addition graph 

Having established the test standard additions graph, the slope of the graph covering the top concentration 
range, S3 to S4 (expressed as a change in absorbance) should preferably not be less than 0,9 times of the 
value of the slope of the bottom concentration range, S1 to S2 (expressed as a change in absorbance). 



PD CEN/TR 10362:2014

CEN/TR 10362:2014 (E) 

11 

Annex B 
(informative) 

 
Instruments and the instrumental conditions used by the participants to the precision test 

Table B.1 shows the instrument models and the instrumental conditions used by the participants to the precision test. 

Table B.1 — Instruments and the instrumental conditions used by the participants to the precision test 

Laboratory 1 2 3 4 

Instrument Analytik Jena AAS Zeenit 
650s 

Unicam Solaar 989 QZ Unicam Solaar 989 QZ Thermo Solaar M6 

Matrix modifier Pd-Mg(NO3)2 Pd-Ni Mg(NO3)2-Pd Pd-Mg 

Wavelength (nm) 196,0 196,0 196,0 196,0 

Slit width (nm) 1,2 0,5 0,5 0,5 

Ashing temperature (°C) 700 500 500 (samples 1 and 2) 
600 (samples 3 to 9) 

500 

Atomisation Temperature (°C) 2 000 2 100 2 000 2 000 

Temperature profiles Temp 
(°C) 

Ramp  
(°C/s) 

Hold 
(s) 

Gas 
(l/min) 

Temp 
(°C) 

Ramp  
(°C/s) 

Hold 
(s) 

Gas 
(l/min) 

Temp 
(°C) 

Ramp  
(°C/s) 

Hold 
(s) 

Gas 
(l/min) 

Temp 
(°C) 

Ramp  
(°C/s) 

Hold 
(s) 

Gas 
(l/min) 

  90 5 15   100 10 10 0,3 100 5 10   100 10 10 0,3 

  100 2 20   140 5 20 0,3 140 5 20   140 5 20 0,3 

  700 200 25   500 35 20 0,3 500 150 20   500 35 20 0,3 

  700 0 5   2 100   5 0 2 000 0 4   2 000   5 0 

  2 000 1 400 4   2 900   8 0,3 2 800 0 2   2 700   8 0,3 

  2 400 500 4                           

Other details Graphite tubes with platform   Coated cuvette without 
platform   
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Annex C 
(informative) 

 
Composition of the samples used for the precision test 

The composition of the samples used for the precision test are listed in Table C.1. 

Table C.1 — Composition of the samples used for the precision test 

Sample label Se 
(µg/g) 

C  
% 

Si 
% 

Mn 
% 

P 
% 

S 
% 

Cr 
% 

Mo 
% 

Ni 
% 

Al 
% 

As 
% 

B 
% 

Co 
% 

Cu 
% 

N 
% 

Nb 
% 

Pb 
% 

C1153a 7 0,225 1,00 0,544 0,030 0,019 16,70 0,24 8,76 0,004 0,007 0,001 0,127 0,226 0,11 0,48 0,006 

GBW01620 16                   0,0011           0,0004 

NIST 1765 35 0,006 0,004 0,144 0,0052 0,0038 0,051 0,005 0,154 0,006 0,0010 0,0009 0,0012 0,0013 0,0010 0,0004 0,0003 

NIST 1766 35 0,015 0,010 0,067 0,002 0,0024 0,024 0,0035 0,021 0,012 0,0035 0,0001 0,0020 0,015 0,0033 0,005 0,003 

NIST 1261a 40 0,39 0,228 0,67 0,016 0,015 0,69 0,19 2,00 0,02 0,017 0,0005 0,032 0,042 0,0037 0,022   

GBW01622 43                   0,0072           0,0002 

MBH 
12x352 60 0,275 0,414 0,200 0,126 0,070 0,313 0,261 0,376 0,257 0,036   0,020 0,140 0,006 0,104 0,006 

BS 12B 120 0,95 0,365 0,081 0,010 0,010 1,58 0,30 0,127 0,016 0,002   0,023 0,116 0,0141 0,156 0,004 

MBH 
12x353 170 0,194 0,142 0,817 0,0205 0,025 0,491 0,113 0,190 0,0070 0,056   0,057 0,302 0,016 0,096 0,018 

NOTE 1 Values given in italics are non-certified. 
NOTE 2 Samples GBW01620 and GBW01622 are “defined” as an “iron and nickel base high temperature alloy”. 
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Table C.1 (cont.) 

Sample label Sn  
% 

Ti 
% 

V  
% 

W  
% 

Ag 
% 

Bi 
% 

Ca 
% 

Cd 
% 

Ce 
% 

In 
% 

Mg 
% 

Sb  
% 

Ta  
% 

Te  
% 

Zn  
% 

Zr  
% 

C1153a 0,013 0,002 0,176   0,001             0,003 0,03 0,01 0,005   

GBW01620 0,0053 0,0022     0,0005   0,0032 0,0005   0,0003 0,0016 0,0095   0,0011 0,0032   

NIST 1765 0,002 0,0055 0,004   0,0002             0,0010 0,004 0,003   0,0002 

NIST 1766 0,0010 0,0005 0,009 0,001 0,0005       0,002     0,0005 0,006 0,003   0,0004 

NIST 1261a 0,010 0,020 0,011 0,017 0,0004 0,0004     0,0014     0,0042 0,020 0,0006   0,009 

GBW01622 0,104           0,0032 0,0002     0,0053 0,0007   0,0083 0,0020   

MBH 12x352 0,110 0,29 0,029 0,202   0,008           0,023     0,005   

BS 12B 0,024 0,055 0,105 0,014     0,0008   0,020     0,014 0,024 0,02 0,0003 0,005 

MBH 12x353 0,075 0,057 0,0481 0,108   0,021           0,156     0,048   

NOTE 1 Values given in italics are non-certified. 
NOTE 2 Samples GBW01620 and GBW01622 are “defined” as an “iron and nickel base high temperature alloy”. 
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Annex D 
(informative) 

 
Detailed results obtained from the precision test 

D.1 Results 

The results from the precision test are shown in Table D.1. Mandel’s h and k statistics are represented in Figures D.1 and D.2. 

Table D.1 — Results obtained from the precision test (µg/g) 

    C 1153a GBW0 1620 NIST 1765 
    Day 1 Day 2 Day 1 Day 2 Day 1 Day 2 

LAB 1 Individual values 1,8 3,4 17,5 17,2 39,3 40,5 
  5,6   19,3   23,3   
  Laboratory mean 3,6 18,0 34,4 

LAB 2 Individual values 2,2 2,7 13,0 10,0 35,0 27,0 
  2,7   15,0   36,0   
  Laboratory mean 2,5 12,7 32,7 

LAB 3 Individual values 4,4 4,8 15,0 17,0 48,0 38,0 
  3,2   15,0   39,0   
  Laboratory mean 4,1 15,7 41,7 

LAB 4 Individual values 3,1 2,8 11,0 18,0 33,0 36,0 
  2,5   13,0   29,0   
  Laboratory mean 2,8 14,0 32,7 

          
  Mean value (µg/g) 3,3 15,1 35,3 
  Standard deviation (µg/g) 0,7 2,3 4,3 

  Relative standard deviation (RSD) (%) 22,5 15,2 12,1 

  Certified value (µg/g) and uncertainty (1 σ) 7 16 ± 2 35 
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Table D.1 (cont.) 

    NIST 1766 NIST 1261a GBW0 1622 
    Day 1 Day 2 Day 1 Day 2 Day 1 Day 2 

LAB 1 Individual values 42,7 37,2 36,1 47,1 54,1 50,7 
  40,2   38,2   52,4   
  Laboratory mean 40,0 40,5 52,4 

LAB 2 Individual values 26,0 23,0 30,0 27,0 37,0 34,0 
  26,0   34,0   39,0   
  Laboratory mean 25,0 30,3 36,7 

LAB 3 Individual values 34,0 28,0 39,0 41,0 49,0 45,0 
  31,0   40,0   49,0   
  Laboratory mean 31,0 40,0 47,7 

LAB 4 Individual values 32,0 37,0 36,0 42,0 51,0 51,0 
  39,0   40,0   49,0   
  Laboratory mean 36,0 39,3 50,3 
          
  Mean value (µg/g) 33,0 37,5 46,8 
  Standard deviation (µg/g) 6,5 4,8 7,0 

  Relative standard deviation (RSD) (%) 19,7 12,9 15,0 

  Certified value (µg/g) and uncertainty (1 σ) 35 38 ± 10 47 



PD CEN/TR 10362:2014

CEN/TR 10362:2014 (E) 

16 

Table D.1 (cont.) 

    MBH 12x352 BS 12B MBH 12x353 
    Day 1 Day 2 Day 1 Day 2 Day 1 Day 2 

LAB 1 Individual values 60,1 70,5 126,3 105,0 197,0 203,0 

  58,4   118,7   199,0   
  Laboratory mean 63,0 116,7 199,7 

LAB 2 Individual values 41,0 39,0 106,0 123,0 163,0 172,0 

  45,0   120,0   165,0   
  Laboratory mean 41,7 116,3 166,7 

LAB 3 Individual values 50,0 49,0 102,0 130,0 145,0 148,0 

  48,0   123,0   148,0   
  Laboratory mean 49,0 118,3 147,0 

LAB 4 Individual values 52,0 62,0 133,0 125,0 166,0 182,0 

  57,0   128,0   182,0   
  Laboratory mean 57,0 128,7 176,7 
          
  Mean value (µg/g) 52,7 120,0 172,5 
  Standard deviation (µg/g) 9,3 5,8 21,9 

  Relative standard deviation (RSD) (%) 17,7 4,9 12,7 

  Certified value (µg/g) and uncertainty (1 σ) 60 ± 5 120 ± 20 170 ± 15 
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Figure D.1 — Selenium — Mandel's k test for intra laboratory consistency (99 % confidence level) 

 

Figure D.2 — Selenium — Mandel's h test for between laboratory consistency (99 % confidence level) 

D.2 Comments on the suitability of the data 

On the basis of the data shown in Table D.1 and on the Mandel's statistics from Figures D.1 and D.2, no 
significant discrepancies within the whole results are to be noted. 

Results from Lab 2 show a systematic low tendency but this remains within the “acceptable limit” for most of 
the samples. 
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Except for sample C 1153a, there is a good agreement between the mean value from the “precision test” and 
the corresponding “certified or referee values”. This “confirms” on the trueness of the method described in the 
present Technical Report. 
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