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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
DETERMINATION OF CERTAIN SUBSTANCES  

IN ELECTROTECHNICAL PRODUCTS –  
 

Part 2: Disassembly, disjointment and mechanical sample preparation 
 

FOREWORD 
1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international 
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and 
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports, 
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their 
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with 
may participate in this preparatory work. International, governmental and non-governmental organizations liaising 
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for 
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations. 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees.  

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 
misinterpretation by any end user. 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence between 
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter. 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 
services carried out by independent certification bodies. 

6) All users should ensure that they have the latest edition of this publication. 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, property damage or 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 
Publications.  

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 
indispensable for the correct application of this publication. 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent 
rights. IEC shall not be held responsible for identifying any or all such patent rights. 

IEC 62321-2 has been prepared by IEC technical committee 111: Environmental 
standardization for electrical and electronic products and systems. It is an International 
Standard. 

This second edition cancels and replaces the first edition published in 2013. This edition 
constitutes a technical revision.  

This edition includes the following significant technical changes with respect to the previous 
edition: 

a) Reference to the IEC 62321 series instead of to a list of individual parts of the IEC 62321 
series. 

b) Update of the flow chart in Figure 1. Restructure of Clause 4 and update of examples in 
Annex A. 
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c) Adjustment of the risk levels of certain parts and materials to reflect the recent technology 
development and material change. Update of Table B.1 to include the risk levels of 
phthalates. Creation of Table B.2 for other substances (e.g. HBCDD, PAH) in polymeric 
materials. 

The text of this International Standard is based on the following documents: 

FDIS Report on voting 

111/619/FDIS 111/628/RVD 

 
Full information on the voting for its approval can be found in the report on voting indicated in 
the above table. 

The language used for the development of this International Standard is English. 

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in 
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available 
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are 
described in greater detail at www.iec.ch/standardsdev/publications. 

A list of all parts in the IEC 62321 series, published under the general title Determination of 
certain substances in electrotechnical products, can be found on the IEC website. 

The committee has decided that the contents of this document will remain unchanged until the 
stability date indicated on the IEC website under webstore.iec.ch in the data related to the 
specific document. At this date, the document will be  

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended. 

 

IMPORTANT – The "colour inside" logo on the cover page of this document indicates that it 
contains colours which are considered to be useful for the correct understanding of its 
contents. Users should therefore print this document using a colour printer. 
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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 in electrotechnical products is a source of either concern or 
importance in current and proposed regional legislations. 

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 in electrotechnical 
products on a consistent global basis. This document, as an important part of the IEC 62321 
series, covers strategies of sampling along with the mechanical preparation. 

WARNING – Persons using this document should be familiar with normal laboratory 
practice. This document 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. 
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DETERMINATION OF CERTAIN SUBSTANCES  
IN ELECTROTECHNICAL PRODUCTS –  

 
Part 2: Disassembly, disjointment and mechanical sample preparation 

 
 
 

1 Scope 

This part of IEC 62321 provides strategies of sampling along with the mechanical preparation 
of samples from electrotechnical products. These samples can be used for analytical testing to 
determine the levels of certain substances as described in the test methods in other parts of 
the IEC 62321 series. Restrictions for substances will vary between geographic regions and 
can be updated on a regular basis. This document describes a generic process for obtaining 
and preparing samples prior to the determination of any substance of concern. 

This document does not provide: 

– full guidance on each and every product that could be classified as electrotechnical product. 
Since there is a huge variety of electrotechnical parts, with various structures and 
compositions, along with the continuous innovations in the industry, it is unrealistic to 
attempt to provide procedures for the disjointment of every type of part; 

– guidance regarding other routes to gather additional information on certain substances in a 
product, although the information collected has relevance to the sampling strategies in this 
document; 

– safe disassembly and mechanical disjointment instructions related to electrotechnical 
products (e.g. mercury-containing switches) and the recycling industry (e.g. how to handle 
CRTs or the safe removal of batteries). See IEC 62554 [1] 1  for the disjointment and 
mechanical sample preparation of mercury-containing fluorescent lamps; 

– sampling procedures for packaging and packaging materials; 
– analytical procedures to measure the levels of certain substances. This is covered by other 

standards (e.g. other parts of the IEC 62321 series), which are referred to as "test 
standards" in this document; 

– guidelines for assessment of compliance. 

This document has the status of a horizontal standard in accordance with IEC Guide 108 [2]. 

2 Normative references 

The following documents are referred to in the text in such a way that some or all of their content 
constitutes requirements of this document. For dated references, only the edition cited applies. 
For undated references, the latest edition of the referenced document (including any 
amendments) applies. 

IEC 62321 (all parts), Determination of certain substances in electrotechnical products  

___________ 
1 Numbers in square brackets refer to the bibliography. 
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3 Terms, definitions and abbreviated terms 

3.1 Terms and definitions 

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

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

• IEC Electropedia: available at http://www.electropedia.org/ 

• ISO Online browsing platform: available at http://www.iso.org/obp  

3.1.1  
composite testing 
testing of two or more materials as a single sample that could be mechanically disjointed if 
necessary 

3.1.2  
certain substance 
substance subject to test methods developed or under development in IEC 62321 (all parts), 
such as cadmium, lead, mercury, hexavalent chromium, polybrominated biphenyl, 
polybrominated diphenyl ether, phthalates 

Note 1 to entry: IEC 62321-1 includes test methods for the evaluation of each of the substances identified in the 
definition above. 

3.1.3  
disassembly 
process whereby an item is taken apart in such a way that it could subsequently be reassembled 
and made operational 

3.1.4  
disjointment 
process whereby materials are separated by mechanical means such that the item cannot 
subsequently be reassembled to make it operational 

3.1.5  
homogeneous material  
one material of uniform composition throughout or a material, consisting of a combination of 
materials, that cannot be disjointed or separated into different materials by mechanical actions 
such as unscrewing, cutting, crushing, grinding and abrasive processes 

[SOURCE: EU RoHS DIRECTIVE 2011/65/EU [3]]  

3.1.6  
sampling 
process of obtaining a sample of an electrotechnical product intended for the analysis for the 
presence of certain substance(s) 

3.2 Abbreviated terms 
AC alternating current 
BGA ball grid array  
CRT cathode ray tube (television) 
DVD digital versatile disc 
IC integrated circuit 
ICP-MS inductively coupled plasma mass spectrometry 
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ICP-AES inductively coupled plasma atomic emission spectroscopy 
JEDEC Joint Electronic Devices Engineering Council 
LCD liquid crystal display 
LED light-emitting diode 
LOT line output transformer 
MDL method detection limit 
OEM original equipment manufacturer 
OLED organic light-emitting diode 
PBB polybrominated biphenyl 
PBDE polybrominated diphenyl ethers 
PCB printed circuit board 
PCBA printed circuit board assembly 
PDA personal digital assistant 
SCART Syndicat francais des constructeurs d'appareils radio et television 
SIM subscriber identity module 
SMD surface mounted device 
TFT thin film transistor 
TV television 
USB universal serial bus 
XRF X-ray fluorescence 

4 Introduction to sampling 

4.1 Introductory remarks 

Testing of certain substances in products is performed for different reasons including: 

– commercial release of a product (e.g. in fulfillment of a contractual agreement between an 
OEM and a part manufacturer); 

– assessment of conformity with regulatory limits; 
– forensics, in case non-conformity is questioned (why the product does not satisfy contractual 

or legal requirements, when did this happen, and how many products are affected?). 

Appropriate sampling is crucial when analysing electrotechnical products for the presence of 
certain substances. The strategy and process of sampling are often as important as the 
analytical test itself. Hence an effective sampling strategy requires a clear understanding of the 
electrotechnical product, reasons for the analysis and the requirements to be met. 

4.2 Requirements for certain substances  

While many regulators, industries and other stakeholders have their own, often non-uniform 
requirements for certain substances, it is not the intention of this document to discuss fully 
these differences. However, awareness of different requirements for certain substances is an 
important step in the sampling strategy. Subclause 4.2 highlights the differences in 
requirements concerning certain substances. 

– Geographical differences: not all geographies (e.g. country or region) impose a restriction 
to the same substances. For example, some regions have chosen to restrict the use of only 
a few specific PBDE compounds, while others have a broader restriction regarding this class 
of flame-retardants. When sampling a product or part, it is critical to keep in mind what the 
differences are in the applicable legal requirements across geographies. 
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– Allowable limits: the typical allowable levels of certain substances in many legislations are 
below 1 000 mg/kg. Some certain substances have their limits set to even lower levels, like 
100 mg/kg. For some material types, limits for certain substances may be above 
1 000 mg/kg, for example lead in copper and aluminum alloys. 

– Applicability of the allowable level: the manner in which the allowable level of certain 
substances is applied to an electrotechnical product determines the sampling strategy and 
how the test results are interpreted. Many regulators apply their allowable limits to 
homogeneous materials. However, the interpretation of homogeneous material is not 
consistent across the different regions. 

– Applicable exemptions: some types of electrotechnical products are exempt from certain 
substances requirements. These exemptions may be based on different rationales including 
the scope of the restrictions (e.g. for military purposes), the application of the material (e.g. 
high melting temperature solder), (maximum) amount of a certain substance in the product, 
or the electrical properties of the product. 

4.3 Complexity of electrotechnical products and related challenges 

The complexity of electrotechnical products impacts the sampling and can have a bearing on 
the practical execution of sampling and analysis. The following elements are identified as 
relevant to sampling and testing: 

a) Miniaturization: miniaturization is one of the key trends in the electrotechnical industry. It 
implies that more functionality is provided within a smaller volume. An increased number of  
parts and diversity of materials are used per cm2 of printed circuit board (PCB) every year. 
Taking samples for measurement from these small amounts of material is difficult. For 
example, the size of surface mounted devices (SMDs) is too small for regular tools to further 
disjoint or separate and the quantity of the remaining sample is often too small after 
disjointment to satisfy the requirements of adequate analysis. 

b) Number of homogeneous materials: many parts have complex structures and are 
constructed of multiple layers of different materials. Typically a single electronic part has 
between 10 and 20 materials, whereas many electrotechnical products or assemblies 
contain hundreds or thousands of parts. This means one electrotechnical product can have 
between 1 000 and 10 000 homogeneous materials. Often, homogeneous materials adhere 
too tightly together for a clean separation in a practical manner. Experience shows that the 
composition often changes due to molecular diffusion between materials (e.g. the 
composition of a plating is affected by a base material containing lead). Similarly, present-
day electrotechnical products are made of many parts. A typical TV or laptop computer, for 
example, contains thousands of parts. Hence the design database for an OEM may include 
several tens of thousands of parts. In Annex E this point is further illustrated in the 
disassembly of a mobile phone. 

c) Oxidation states of certain substances may not be stable over time. For example, the 
concentration of hexavalent chromium in corrosion protection layers can change 
significantly with time and storage conditions. 

d) Visually undetectable substances: another complicating factor in sampling and testing is 
that often certain substances are not visible without supplemental action or optical 
enhancement. A part containing a certain substance may look and perform in an identical 
manner to one that does not contain it. While there are sometimes visible indications of the 
presence of certain substances (e.g. a yellow coating on steel products suggests the 
presence of hexavalent chromium), visual detection is not practical. 

e) Batch-to-batch variations: most product manufacturers use commodity parts that may come 
from multiple suppliers simultaneously, for example cables, resistors and capacitors. 
Commodity parts are mixed during production because technically they are fully 
interchangeable, as long as they fit the umbrella specification. However, in most cases they 
are not chemically identical. Furthermore, experience shows that the materials can be 
changed by commodity part suppliers (e.g. in times of shortage) which leads to a change in 
the chemical composition of that part. Notification of these changes is not always provided 
if the part still meets its technical specification. 
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f) Depth of the supply chain: producing electronic parts often involves a complex supply chain. 
Relatively simple products, such as an external cable, can utilize supply chains at least 
seven tiers deep. The supply chain for a more complex part such as an LCD screen, is 
considerably deeper. 

These characteristics of the electrotechnical industry show that the management of certain 
substances, along with sampling and testing, is not straightforward. The size and number of 
parts, and complexity of the supply chain make it challenging to fully grasp the locations of 
certain substances in an electrotechnical product. The prospect of implementing homogeneous 
material level sampling and testing at the upper tiers of the supply chain (towards finished 
products) is not practical for complex products. 

4.4 Sampling procedure 

The sampling strategy describes the process to be followed to determine the sample. This is 
then followed by the actual preparation of the samples and is finalized with the testing. While 
different approaches for sampling and testing are likely to apply to different electrotechnical 
products, it is possible to describe a generic process that will be applicable in the majority of 
cases. This is illustrated by the iterative process shown in Figure 1. 

 

 

Figure 1 – Generic iterative procedure for sampling strategy 
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The process depicted in Figure 1 contains two iterative loops. The first is in relation to the 
disassembly and disjoinment loop that is described further in Clause 5, including as follows 

• 1st iteration: partial disassembly (see 5.3); 

• 2nd iteration: complete disassembly (see 5.4); 

• 3rd iteration: partial disjointment (see 5.5); 

• 4th to nth iteration: complete disjointment (see 5.6). 

The other iterative loop refers to whether the objectives of the assessment have been met, 
which is out of the scope of this document.  

4.5 Scope of the analysis 

The development of the sampling strategy for a particular electrotechnical product or part starts 
with the definition of the scope of the analysis. It also includes what can be excluded, based on 
knowledge found elsewhere. Some basic questions to be considered in this phase include (not 
intended to be exhaustive): 

– Which geographies are covered with the test? 
– If not all, which of the certain substances are tested (e.g. either because they are restricted 

by regulations within the region under scope or because of customer requirements)? 
– What are the allowable limits for these certain substances in the applicable geographies? 
– What is the complexity of the product or part and is it practical to consider sampling and 

testing at the homogeneous material level? 
– Are there applicable exemptions applying to one or more of the certain substances to be 

tested? 
– Is a bill of materials available for the product? 
– Are specifications and drawings of the product or part available? 
– What is the depth of the supply chain for the parts and materials in this product? 
– Are material declarations for this product available? 
– Is there any previous experience evaluating this product or similar products that could be 

helpful? 
– Is there any risk for the certain substances to be found in the materials used in the 

product/part? 
– Was any screening (e.g. X-ray fluorescence) previously performed on this product or similar 

products that could be helpful? 
– Is there any information regarding the manufacturing process of parts or materials (metal 

making or IC production) used in this product or similar products that could be helpful? 
– Are there any perceived process controls present at the part or material suppliers (e.g. level 

of trust in the manufacturer)? 
– Is there any history of concern with the part or material supplier? 

The answers to these and perhaps other, more specific questions will influence the sampling 
strategy.  
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