
BSI Standards Publication

Determination of certain 
substances in electrotechnical
products

Part 5: Cadmium, lead and chromium in 
polymers and electronics and cadmium 
and lead in metals by AAS, AFS, ICP-OES 
and ICP-MS

BS EN 62321-5:2014

Full document details: BS EN 62321-5:2014

http://www.avadocuments.com/doc/bs-en-62321-5-2014
http://www.avadocuments.com/doc/bs-en-62321-5-2014


National foreword

ed by BSI Standards Limited 2014 ISBN 978 0 580 71850 2 
ICS 13.020; 43.040.10

Compliance with a British Standard cannot confer immunity from
legal obligations.

This British Standard was published under the authority of the
Standards Policy and Strategy Committee on 31 May 2014.

Amendments issued since publication

Amd. No.                  Date 

Text affected

BRITISH STANDARDBS EN 62321-5:2014

The UK participation in its preparation was entrusted to Technical
Committee GEL/111, Electrotechnical environment committee.

A list of organizations represented on this committee can be obtained on
request to its secretary.

This publication does not purport to include all the necessary provisions of
a contract. Users are responsible for its correct application.

© The British Standards Institution 2014
Published by BSI Standards Limited 2014

ISBN 978 0 580 71850 2
ICS 13.020; 43.040.10

Compliance with a British Standard cannot confer immunity from
legal obligations.

This British Standard was published under the authority of the
Standards Policy and Strategy Committee on 31 May 2014.

Amendments/corrigenda issued since publication

Date Text affected

This British Standard is the UK implementation of EN 62321-5:2014. 
It is identical to IEC 62321-5:2013. Together with BS EN 62321-1:2013, 
BS EN 62321-2:2014, BS EN 62321-3-1:2014, BS EN 62321-3-2:2014, 
BS EN 62321-4:2014, BS EN 62321-6, BS EN 62321-7-1, BS EN 62321-7-2 and
BS EN 62321-8 it supersedes BS EN 62321:2009, which will be withdrawn
upon publication of all parts of the BS EN 62321 series.

Full document details: BS EN 62321-5:2014

http://dx.doi.org/10.3403/30229131
http://dx.doi.org/10.3403/30229246
http://dx.doi.org/10.3403/30229252
http://dx.doi.org/10.3403/30229135
http://dx.doi.org/10.3403/30229139
http://dx.doi.org/10.3403/30135477
http://dx.doi.org/10.3403/BSEN62321
http://www.avadocuments.com/doc/bs-en-62321-5-2014
http://www.avadocuments.com/doc/bs-en-62321-5-2014


   
EUROPEAN STANDARD EN 62321-5 
NORME EUROPÉENNE  

EUROPÄISCHE NORM April 2014 
  

CENELEC 
European Committee for Electrotechnical Standardization 

Comité Européen de Normalisation Electrotechnique 
Europäisches Komitee für Elektrotechnische Normung 

 
CEN-CENELEC Management Centre: Avenue Marnix 17, B - 1000 Brussels 

  
  
© 2014 CENELEC -  All rights of exploitation in any form and by any means reserved worldwide for CENELEC members. 

 Ref. No. EN 62321-5:2014 E 
  

 
ICS 13.020; 43.040.10 Supersedes EN 62321:2009 (partially) 
 
 

English version 
 
 

Determination of certain substances in electrotechnical products -  
Part 5: Cadmium, lead and chromium in polymers and electronics and 

cadmium and lead in metals by AAS, AFS, ICP-OES and ICP-MS 
(IEC 62321-5:2013) 

 
 
Détermination de certaines substances 
dans les produits électrotechniques -  
Partie 5: Du cadmium, du plomb et du 
chrome dans les polymères et les produits 
électroniques, du cadmium et du plomb 
dans les métaux par AAS, AFS, ICP-OES 
et ICP-MS 
(CEI 62321-5:2013) 

 Verfahren zur Bestimmung von 
bestimmten Substanzen in Produkten der 
Elektrotechnik -  
Teil 5: Cadmium, Blei und Chrom in 
Polymeren und Elektronik und Cadmium 
und Blei in Metallen mit AAS, AFS, ICP-
OES und ICP-MS 
(IEC 62321-5:2013) 

 
 
 

This European Standard was approved by CENELEC on 2013-11-15. CENELEC members are bound to comply 
with the CEN/CENELEC Internal Regulations which stipulate the conditions for giving this European Standard 
the status of a national standard without any alteration. 
 
Up-to-date lists and bibliographical references concerning such national standards may be obtained on 
application to the CEN-CENELEC Management Centre or to any CENELEC member. 
 
This European Standard exists in three official versions (English, French, German). A version in any other 
language made by translation under the responsibility of a CENELEC member into its own language and notified 
to the CEN-CENELEC Management Centre has the same status as the official versions. 
 
CENELEC members are the national electrotechnical committees of Austria, Belgium, Bulgaria, Croatia, Cyprus, 
the Czech Republic, Denmark, Estonia, Finland, Former Yugoslav Republic of Macedonia, France, Germany, 
Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, the Netherlands, Norway, Poland, 
Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and the United Kingdom. 
 

BS EN 62321-5:2014

Full document details: BS EN 62321-5:2014

http://dx.doi.org/10.3403/30229242U
http://dx.doi.org/10.3403/30135477
http://www.avadocuments.com/doc/bs-en-62321-5-2014
http://www.avadocuments.com/doc/bs-en-62321-5-2014


EN 62321-5:2014 - 2 -  

 

Foreword 

The text of document 111/297/FDIS, future edition 1 of IEC 62321-5, prepared by IEC/TC 111 
"Environmental standardization for electrical and electronic products and systems" was submitted to the 
IEC-CENELEC parallel vote and approved by CENELEC as EN 62321-5:2014. 

The following dates are fixed: 

• latest date by which the document has 
to be implemented at national level by 
publication of an identical national 
standard or by endorsement 

(dop) 2014-10-25 

• latest date by which the national 
standards conflicting with the 
document have to be withdrawn 

(dow) 2016-11-15 
 

 

EN 62321-5:2014 is a partial replacement of EN 62321:2009, forming a structural revision and generally 
replacing Clauses 8 to 10, as well as Annexes F, G and H. 

Future parts in the EN 62321 series will gradually replace the corresponding clauses from EN 
62321:2009. Until such time as all parts are published, however, EN 62321:2009 remains valid for those 
clauses not yet re-published as a separate part. 
 

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

Endorsement notice 

The text of the International Standard IEC 62321-5:2013 was approved by CENELEC as a European 
Standard without any modification. 
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INTRODUCTION  

The widespread use of electrotechnical products has drawn increased attention to their impact 
on the environment. In many countries this has resulted in the adaptation of regulations 
affecting wastes, substances and energy use of electrotechnical products. 

The use of certain substances (e.g. lead (Pb), cadmium (Cd) and polybrominated diphenyl 
ethers (PBDE’s)) in electrotechnical products, is a source of concern in current and proposed 
regional legislation. 

The purpose of the IEC 62321 series is therefore to provide test methods that will allow the 
electrotechnical industry to determine the levels of certain substances of concern in 
electrotechnical products on a consistent global basis. 

WARNING – Persons using this International Standard should be familiar with normal 
laboratory practice. This standard does not purport to address all of the safety 
problems, if any, associated with its use. It is the responsibility of the user to establish 
appropriate safety and health practices and to ensure compliance with any national 
regulatory conditions. 

  

BS EN 62321-5:2014

Full document details: BS EN 62321-5:2014

http://dx.doi.org/10.3403/30135477U
http://www.avadocuments.com/doc/bs-en-62321-5-2014
http://www.avadocuments.com/doc/bs-en-62321-5-2014


 – 6 – 62321-5 © IEC:2013 

INTRODUCTION  

The widespread use of electrotechnical products has drawn increased attention to their impact 
on the environment. In many countries this has resulted in the adaptation of regulations 
affecting wastes, substances and energy use of electrotechnical products. 

The use of certain substances (e.g. lead (Pb), cadmium (Cd) and polybrominated diphenyl 
ethers (PBDE’s)) in electrotechnical products, is a source of concern in current and proposed 
regional legislation. 

The purpose of the IEC 62321 series is therefore to provide test methods that will allow the 
electrotechnical industry to determine the levels of certain substances of concern in 
electrotechnical products on a consistent global basis. 

WARNING – Persons using this International Standard should be familiar with normal 
laboratory practice. This standard does not purport to address all of the safety 
problems, if any, associated with its use. It is the responsibility of the user to establish 
appropriate safety and health practices and to ensure compliance with any national 
regulatory conditions. 

  

BS EN 62321-5:2014
62321-5 © IEC:2013 – 7 – 

DETERMINATION OF CERTAIN SUBSTANCES  
IN ELECTROTECHNICAL PRODUCTS –  

 
Part 5: Cadmium, lead and chromium in polymers and electronics  

and cadmium and lead in metals by AAS, AFS, ICP-OES and ICP-MS 
 
 
 

1 Scope 

This Part of IEC 62321 describes the test methods for lead, cadmium and chromium in 
polymers, metals and electronics by AAS,  AFS, ICP-OES and ICP-MS. 

This standard specifies the determination of the levels of cadmium (Cd), lead (Pb) and 
chromium (Cr) in electrotechnical products. It covers three types of matrices: 
polymers/polymeric workpieces, metals and alloys and electronics.  

This standard refers to the sample as the object to be processed and measured. What the 
sample is or how to get to the sample is defined by the entity carrying out the tests. Further 
guidance on obtaining representative samples from finished electronic products to be tested 
for levels of regulated substances may be found in IEC 62321-2. It is noted that the selection 
and/or determination of the sample may affect the interpretation of the test results. 

This standard describes the use of four methods, namely AAS (atomic absorption 
spectrometry), AFS (atomic fluorescence spectrometry), ICP-OES (inductively coupled plasma 
optical emission spectrometry), and ICP-MS (inductively coupled plasma mass spectrometry) 
as well as several procedures for preparing the sample solution from which the most 
appropriate method of analysis can be selected by experts.  

As the hexavalent-Cr analysis is sometimes difficult to determine in polymers and electronics, 
this standard introduces the screening methods for chrome in polymers and electronics 
except from AFS. Chromium analysis provides information about the existence of hexavalent-
Cr in materials. However, elemental analyses cannot selectively detect hexavalent-Cr; it 
determines the amount of Cr in all oxidation states in the samples. If Cr amounts exceed the 
hexavalent-Cr limit, testing for hexavalent-Cr should be performed. 

The test procedures described in this standard are intended to provide the highest level of 
accuracy and precision for concentrations of Pb, Cd and Cr that range, in the case of ICP-
OES and AAS, from 10 mg/kg for Pb, Cd and Cr, in the case of ICP-MS, from 0,1 mg/kg for 
Pb and Cd in the case of AFS, the range is from 10 mg/kg for Pb and 1.5 mg/kg for Cd. The 
procedures are not limited for higher concentrations.  

This standard does not apply to materials containing polyfluorinated polymers because of 
their stability. If sulfuric acid is used in the analytical procedure, there is a risk of losing Pb, 
thus resulting in erroneously low values for this analyte. In addition, sulfuric acid and 
hydrofluoric acid are not suitable for determining Cd by AFS, because it disturbs the reduction 
of Cd.  

Limitations and risks occur due to the solution step of the sample, e.g. precipitation of the 
target or other elements may occur, in which case the residues have to be checked separately 
or dissolved by another method and then combined with the test sample solution.  
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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. 

IEC 62321-1, Determination of certain substances in electrotechnical products – Part 1: 
Introduction and overview1 

IEC 62321-2, Determination of certain substances in electrotechnical products – Part 2: 
Disassembly, disjointment and mechanical sample preparation1 

IEC 62321-3-1, Determination of certain substances in electrotechnical products – Part 3-1: 
Screening – Lead, mercury, cadmium, total chromium and total bromine using X-ray 
fluorescence spectrometry1 

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

ISO 5961, Water quality – Determination of cadmium by atomic absorption spectrometry 

3 Terms, definitions and abbreviations 

 Terms and definitions 3.1

For the purposes of this document, the terms and definitions given in IEC 62321-1, as well as 
the following, apply.  

  3.1.1
accuracy 
closeness of agreement between a test result and an accepted reference value 

  3.1.2
calibration standard 
substance in solid or liquid form with known and stable concentration(s) of the analyte(s) of 
interest used to establish instrument response (calibration curve) with respect to analyte(s) 
concentration(s) 

  3.1.3
calibration solution 
solution used to calibrate the instrument prepared either from (a) stock solution(s) or from a 
(certified) reference material 

  3.1.4
certified reference material 
reference material, accompanied by documentation issued by an authoritative body and 
providing one or more specified property values with associated uncertainties and 
traceabilities using valid procedures 

  3.1.5
laboratory control sample 
known matrix spiked with compound(s) representative of the target analytes, used to 
document laboratory performance 

___________ 
1 To be published. 

BS EN 62321-5:2014

Full document details: BS EN 62321-5:2014

http://dx.doi.org/10.3403/30229131U
http://dx.doi.org/10.3403/30229246U
http://dx.doi.org/10.3403/30229252U
http://dx.doi.org/10.3403/00631297U
http://dx.doi.org/10.3403/00151647U
http://dx.doi.org/10.3403/30229131U
http://www.avadocuments.com/doc/bs-en-62321-5-2014
http://www.avadocuments.com/doc/bs-en-62321-5-2014


 – 8 – 62321-5 © IEC:2013 

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. 

IEC 62321-1, Determination of certain substances in electrotechnical products – Part 1: 
Introduction and overview1 

IEC 62321-2, Determination of certain substances in electrotechnical products – Part 2: 
Disassembly, disjointment and mechanical sample preparation1 

IEC 62321-3-1, Determination of certain substances in electrotechnical products – Part 3-1: 
Screening – Lead, mercury, cadmium, total chromium and total bromine using X-ray 
fluorescence spectrometry1 

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

ISO 5961, Water quality – Determination of cadmium by atomic absorption spectrometry 

3 Terms, definitions and abbreviations 

 Terms and definitions 3.1

For the purposes of this document, the terms and definitions given in IEC 62321-1, as well as 
the following, apply.  

  3.1.1
accuracy 
closeness of agreement between a test result and an accepted reference value 

  3.1.2
calibration standard 
substance in solid or liquid form with known and stable concentration(s) of the analyte(s) of 
interest used to establish instrument response (calibration curve) with respect to analyte(s) 
concentration(s) 

  3.1.3
calibration solution 
solution used to calibrate the instrument prepared either from (a) stock solution(s) or from a 
(certified) reference material 

  3.1.4
certified reference material 
reference material, accompanied by documentation issued by an authoritative body and 
providing one or more specified property values with associated uncertainties and 
traceabilities using valid procedures 

  3.1.5
laboratory control sample 
known matrix spiked with compound(s) representative of the target analytes, used to 
document laboratory performance 

___________ 
1 To be published. 
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[Based on US EPA SW-846] [1] 2 

  3.1.6
reagent blank solution 
prepared by adding to the solvent the same amounts of reagents as those added to the test 
sample solution (same final volume) 

  3.1.7
test sample solution 
solution prepared with the test portion of the test sample according to the appropriate 
specifications such that it can be used for the envisaged measurement 

 Abbreviations 3.2
CCV continuing calibration verification 
LCS laboratory control sample 

4 Reagents 

 General 4.1

For the determination of elements at trace level, the reagents shall be of adequate purity. The 
concentration of the analyte or interfering substances in the reagents and water shall be 
negligible compared to the lowest concentration to be determined. 

All reagents for ICP-MS analysis, including acids or chemicals used shall be of high-purity: 
trace metals shall be less than 1 × 10-6 % in total. 

For measurements by ICP-OES and ICP-MS, the memory effect occurs in cases where high 
concentrations of elements are introduced. Dilution of the sample solution is required for high 
levels of each element. If the memory effect is not decreased by dilution, thorough washing of 
the equipment is required. 

 Reagents 4.2

The following reagents are used: 

a) Water: Grade 1 specified in ISO 3696 used for preparation and dilution of all sample 
solutions. 

b) Sulfuric acid:  
1) Sulfuric acid: ρ(H2SO4) = 1,84 g/ml, a mass fraction of 95 %, “trace metal” grade. 
2) Sulfuric acid: dilution (1:2): dilute 1 volume of concentrated sulfuric acid (4.2 b 1)) with 

2 volumes of water (4.2 a))  
c) Nitric acid:  

1) Nitric acid: ρ(HNO3) = 1,40 g/ml, a mass fraction of  65 %, “trace metal” grade.  
2) Nitric acid, a mass fraction of  10 %, “trace metal” grade. 
3) Nitric acid: 0,5 mol/l, “trace metal” grade. 
4) Nitric acid: dilution (1:2): dilute 1 volume of concentrated nitric acid (4.2.c 1)) with 2 

volumes of water (4.2 a))  
d) Hydrochloric acid:  

1) Hydrochloric acid, ρ(HCl) = 1,19 g/ml, a mass fraction of 37 %, “trace metal” grade. 

___________ 
2  Figures in square brackets refer to the Bibliography. 
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2) Hydrochloric acid: dilution (1:2): dilute 1 volume of concentrated hydrochloric acid 
(4.2.d) 1)) with 2 volumes of water (4.2 a))  

3) Hydrochloric acid, a mass fraction of 5 %, “trace metal” grade. 
4) Hydrochloric acid, a mass fraction of 10 %, “trace metal” grade. 

e) Hydrofluoric acid: ρ(HF) = 1,18 g/ml, a mass fraction of 40 %, “trace metal” grade.   
f) Fluoroboric acid: HBF4, a mass fraction of 50 %, “trace metal” grade. 
g) Perchloric acid: ρ(HClO4) =1,67 g/ml, a mass fraction of  70 %, “trace metal” grade. 
h) Phosphoric acid: ρ(H3PO4) =1,69 g/ml, more than a mass fraction of 85 %, “trace metal” 

grade. 
i) Hydrobromic acid: ρ(HBr) = 1,48 g/ml, a mass fraction of 47 % to 49 %, “trace metal” 

grade. 
j) Boric acid (H3BO3): 50 mg/ml, a mass fraction of  5 %, “trace metal” grade. 
k) Hydrogen peroxide: ρ(H2O2) = 1,10 g/ml, a mass fraction of  30 %, “trace metal” grade.  
l) Mixed acid: 

1) Mixed acid 1, two parts hydrochloric acid (4.2 d) 1)), one part nitric acid (4.2 c)1)) and 
two parts water (4.2 a)).  

2) Mixed acid 2, one part nitric acid (4.2 c) 1)) and three parts hydrofluoric acid (4.2 e)).  
3) Mixed acid 3, three parts hydrochloric acid (4.2 d) 1)) and one part nitric acid (4.2 c)1)).  

m) Potassium hydroxide (KOH), “trace metal” grade. 
n) Potassium borohydride (KBH4), “trace metal” grade. 
o) Potassium ferricyanide (K3(Fe(CN)6)), “trace metal” grade. 
p) Oxido – reduction agent: a mass fraction of 1,5 % KBH4 – a mass fraction of 1 %  

K3(Fe(CN6) in a mass fraction of 0,2 % KOH. 
Add approximately 800 ml of water (4.2 a)) to a 1 000 ml volumetric flask (5.2 e)3)) 
followed by the addition of 2 g potassium hydroxide (4.2 m)). Add 15 g potassium 
borohydride (4.2 n)) and 10 g potassium ferricyanide (4.2 o)), stir to dissolve. Fill up to the 
mark with water (4.2 a)). Prepare daily. 

q) Reducing agents: 
1) Reducing agent 1, a mass fraction of  3 %  KBH4 in a mass fraction of 0,2 % KOH: 

Add approximately 800 ml of water (4.2 a)) to a 1 000 ml volumetric flask (5.2 e) 3)) 
followed by the addition of 2 g potassium hydroxide (4.2 m)). Add 30 g of potassium 
borohydride (4.2 n)), stir to dissolve. Fill up to the mark with water (4.2 a)). Prepare 
daily. 

2) Reducing agent 2, a mass fraction of 4 % KBH4 in a mass fraction of 0,8 % KOH. 
Add approximately 800 ml of water (4.2 a)) to a 1 000 ml volumetric flask (5.2 e) 3)), 
followed by the addition of 8 g potassium hydroxide (4.2 m)). Add 40 g of potassium 
borohydride (4.2 n)), stir to dissolve. Fill up to the mark with water (4.2 a)). Prepare 
daily. 

r) Carrier flow: 
1) Carrier flow 1, a mass fraction of 1,5 % HCl. 
2) Carrier flow 2, a mass fraction of 1 % HCl. 

s) Thiourea ((NH2)2CS) solution, a mass fraction of 10 % . Prepare daily. 
t) Masking agent: 

1) Masking agent 1, a mass fraction of 5 % oxalic acid – a mass fraction of 5 % 
potassium sulfocyanate (KSCN) – a mass fraction of 0,5 % o-phenanthroline (C12H8N2) 
solution:  
Add 10 g oxalic acid, 10 g potassium sulfocyanate and 1 g o-phenanthroline to 200 ml 
of water (4.2 a)). Heat at low temperature and stir to dissolve, taking care to avoid 
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2) Hydrochloric acid: dilution (1:2): dilute 1 volume of concentrated hydrochloric acid 
(4.2.d) 1)) with 2 volumes of water (4.2 a))  

3) Hydrochloric acid, a mass fraction of 5 %, “trace metal” grade. 
4) Hydrochloric acid, a mass fraction of 10 %, “trace metal” grade. 

e) Hydrofluoric acid: ρ(HF) = 1,18 g/ml, a mass fraction of 40 %, “trace metal” grade.   
f) Fluoroboric acid: HBF4, a mass fraction of 50 %, “trace metal” grade. 
g) Perchloric acid: ρ(HClO4) =1,67 g/ml, a mass fraction of  70 %, “trace metal” grade. 
h) Phosphoric acid: ρ(H3PO4) =1,69 g/ml, more than a mass fraction of 85 %, “trace metal” 

grade. 
i) Hydrobromic acid: ρ(HBr) = 1,48 g/ml, a mass fraction of 47 % to 49 %, “trace metal” 

grade. 
j) Boric acid (H3BO3): 50 mg/ml, a mass fraction of  5 %, “trace metal” grade. 
k) Hydrogen peroxide: ρ(H2O2) = 1,10 g/ml, a mass fraction of  30 %, “trace metal” grade.  
l) Mixed acid: 

1) Mixed acid 1, two parts hydrochloric acid (4.2 d) 1)), one part nitric acid (4.2 c)1)) and 
two parts water (4.2 a)).  

2) Mixed acid 2, one part nitric acid (4.2 c) 1)) and three parts hydrofluoric acid (4.2 e)).  
3) Mixed acid 3, three parts hydrochloric acid (4.2 d) 1)) and one part nitric acid (4.2 c)1)).  

m) Potassium hydroxide (KOH), “trace metal” grade. 
n) Potassium borohydride (KBH4), “trace metal” grade. 
o) Potassium ferricyanide (K3(Fe(CN)6)), “trace metal” grade. 
p) Oxido – reduction agent: a mass fraction of 1,5 % KBH4 – a mass fraction of 1 %  

K3(Fe(CN6) in a mass fraction of 0,2 % KOH. 
Add approximately 800 ml of water (4.2 a)) to a 1 000 ml volumetric flask (5.2 e)3)) 
followed by the addition of 2 g potassium hydroxide (4.2 m)). Add 15 g potassium 
borohydride (4.2 n)) and 10 g potassium ferricyanide (4.2 o)), stir to dissolve. Fill up to the 
mark with water (4.2 a)). Prepare daily. 

q) Reducing agents: 
1) Reducing agent 1, a mass fraction of  3 %  KBH4 in a mass fraction of 0,2 % KOH: 

Add approximately 800 ml of water (4.2 a)) to a 1 000 ml volumetric flask (5.2 e) 3)) 
followed by the addition of 2 g potassium hydroxide (4.2 m)). Add 30 g of potassium 
borohydride (4.2 n)), stir to dissolve. Fill up to the mark with water (4.2 a)). Prepare 
daily. 

2) Reducing agent 2, a mass fraction of 4 % KBH4 in a mass fraction of 0,8 % KOH. 
Add approximately 800 ml of water (4.2 a)) to a 1 000 ml volumetric flask (5.2 e) 3)), 
followed by the addition of 8 g potassium hydroxide (4.2 m)). Add 40 g of potassium 
borohydride (4.2 n)), stir to dissolve. Fill up to the mark with water (4.2 a)). Prepare 
daily. 

r) Carrier flow: 
1) Carrier flow 1, a mass fraction of 1,5 % HCl. 
2) Carrier flow 2, a mass fraction of 1 % HCl. 

s) Thiourea ((NH2)2CS) solution, a mass fraction of 10 % . Prepare daily. 
t) Masking agent: 

1) Masking agent 1, a mass fraction of 5 % oxalic acid – a mass fraction of 5 % 
potassium sulfocyanate (KSCN) – a mass fraction of 0,5 % o-phenanthroline (C12H8N2) 
solution:  
Add 10 g oxalic acid, 10 g potassium sulfocyanate and 1 g o-phenanthroline to 200 ml 
of water (4.2 a)). Heat at low temperature and stir to dissolve, taking care to avoid 
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boiling of the solution. Use the solution before the solid crystallizes out. Discard the 
solution when it becomes dark and prepare a fresh one. 

2) Masking agent 2, a mass fraction of thiourea 10 % – ascorbic acid a mass fraction of 
10 % solution.  
Dissolve 10 g thiourea and 10 g ascorbic acid in 100 ml of water. Prepare daily. 

u) Cobalt solution, 50 mg/l. 
v) Stock solution: 

1) Stock solution with 1 000 mg/l of Pb.  
2) Stock solution with 1 000 mg/l of Cd. 
3) Stock solution with 1 000 mg/l of Cr. 
4) Stock solution with 10 000 mg/l of Fe.  
5) Stock solution 10 000 mg/l of Cu. 

w) Internal standard stock solution. 
1) Internal standard elements that do not interfere with the target element are used for 

ICP-OES and ICP-MS. Also, the presence of these internal standard elements in the 
sample solution shall be at negligible levels. Sc, In, Tb, Lu, Re, Rh, Bi and Y may be 
used as internal standard elements. 

2) For use with ICP-OES, Sc or Y is recommended. The recommended concentration is 
1 000 mg/l. 

3) For use with ICP-MS, Rh is recommended. The recommended concentration is 
1 000 µg/l. 

The toxicity of each reagent in this method has not been precisely defined; however, each 
chemical compound should be treated as a potential health hazard. From this viewpoint, 
exposure to these chemicals at the lowest possible level by whatever means available is 
recommended.  

Preparation methods involve the use of strong acids, which are corrosive and cause burns. 
Laboratory coats, gloves and safety glasses should be worn when handling acids.  

Nitric acid gives off toxic fumes. Always carry out digestion in a fume cupboard, and also 
when adding acid to samples because of the possibility of toxic gases being released.  

The exhaust gases from the plasma should be ducted away by an efficient fume extraction 
system.  

Special precautionary measures should be taken when hydrofluoric acid is used, i.e. HF 
antidote gel (2,5 % calcium gluconate in a water-soluble gel) for first aid treatment of HF 
burns on the skin. 

Analytical grade reagents may be used as an alternative except when utilizing ICP-MS 
methods. 

5 Apparatus 

 General 5.1

In general, the collection and storage of glassware are  critical parts of trace analysis, 
regardless of the type of sample to be analysed. Because of the sensitivity of the Pb, Cd and 
Cr analysis techniques described, each individual sampling step shall be carried out with 
great care. All sampling, storage and manipulation apparatus shall be metal-free. Soak all 
glassware in 10 % nitric acid (4.2 c) 2)) for 24 h at room temperature, and then rinse 
thoroughly with water (4.2 a)).  
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