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Trends in Regulation of Environmentally Hazardous 
Substances in Products and Analytical Techniques

Kazunori Onabe1

Since the enforcement of the RoHS Directive in July 2006, regulation of environmentally 
hazardous substances in products has become particularly strict due, for example, to publication 
of the revised RoHS Directive, tightening of halogen-free policies and the effectuation of 
REACH regulations. This paper reports on trends in the regulation of environmentally 
hazardous substances and the status of technical compliance to it.

1. Introduction
As interest in the environmental issues has been 

globally increasing, the restrictions on the use of sub-
stances that impact on the global environment and hu-
man health (environmentally hazardous substances) 
and the supply of products of high environmental qual-
ity have become a critical mission for companies. In 
particular, the European RoHS Directive (Note 1) that 
was enforced in 2006 targeting electrical and electron-
ic devices has expanded worldwide, also to Asian 
countries including Japan, China and Korea as well as 
to the United States (California), Norway and India 
prompting the introduction of similar environmentally 
hazardous substance regulations in each country.  To-
day, it is essential for a company engaged in global 
business to create management systems in compli-
ance with the RoHS Directive. Fujikura Environment 
and Analysis Center has taken the lead in spreading 
analytical skills in the entire Fujikura Group by devel-
oping advanced analytical technique of substances 
controlled by environmentally hazardous substance 
regulations, such as the RoHS Directive. Activities of 
the Center range from understanding of the latest 
trends in the regulations to provision of regular guid-
ance on analytical techniques to each site in Fujikura 
group. This paper reports on trends in the regulation 
of environmentally hazardous substances in products 
with which Fujikura has a close relation and the status 
of technical compliance to it.

Note 1 :  Laws restricting the incorporation of spe-
cific hazardous substances into electrical 
and electronic devices

2.  RoHS Directive Trends and Analytical Tech-
niques in Compliance with RoHS
The RoHS Directive came into force on July 1, 2006 

as a directive restricting the use of specific hazardous 
substances in electrical and electronic products in Eu-
rope. The directive cites six controlled substances; 
namely, lead (Pb), cadmium (Cd), mercury (Hg), 
hexavalent chromium (Cr (VI)), polybrominated bi-
phenyl (PBB) and polybrominated diphenyl ether 
(PBDE), and defines the maximum allowable concen-
trations (threshold values) for each. The analysis of 
trace elements in products required by the RoHS Di-
rective needs preprocessing techniques (decomposi-
tion and solution) matched to materials such as met-
als, polymers and glass and precision-chemical analysis 
techniques such as inductively coupled plasma optical 
emission spectrophotometry (ICP-OES). We immedi-
ately started the analysis in compliance with the RoHS 
Directive by applying the analytical techniques we had 
already developed up before the effective date 1) 2).

The international analysis standard “IEC62321 
Ed1.0: 2008” was issued in December 2008 by the In-
ternational Electrotechnical Commission (IEC) as an 
analytical method relating to the RoHS Directive. This 
standard defines 2-stage analysis comprising screen-
ing analysis applying the fluorescent X-ray analysis 
method (XRF) and precision-chemical analysis using 
methods such as ICP-OES. XRF is characterized by its 
ability to perform non-destructive measurement re-
gardless of the test sample shape simply and in a short 
period of time.  And it is extremely useful as a method 
of RoHS screening analysis that requires an enormous 
amount of product and component measurements. By 
establishing screening analysis techniques using XRF 
and precision-chemical analysis techniques using 
methods such as ICP-OES, Fujikura has realized an 
evaluation system in accordance with IEC62321 (Fig. 
1). In addition, because the screening analysis using 

 
1 : Environment and Analysis Center



Fujikura Technical Review, 2013 123

XRF is useful in material inspections at manufacturing 
plants, the Environment and Analysis Center endeav-
ors to enhance analytical capabilities throughout the 
entire Fujikura Group by providing regular guidance 
on analytical techniques to the manufacturing plants 
in the group.

To comply with the RoHS Directive, in recent years 
there have seen growing importance placed on quality 
assurance in terms of the reliability and international-
ity (applicability overseas) of analytical test results. 
With the aim of providing highly-reliable analytical 
data to its in-house business divisions, Fujikura ac-
quired test laboratory accreditation in 2004 under the 
international standard ISO/IEC17025 (Note 2).  And we 
have been able to provide highly-reliable data applica-
ble overseas by maintaining and expanding this ac-
creditation (Table 1).

Note 2 :  System for the auditing of laboratories con-
cerned by an authoritative third-party certi-
fication organization and the certification of 
the capabilities (implementation of testing, 
reporting of results) of said laboratories

Meanwhile, the RoHS Directive stipulates that ac-
tions including review of exempt items, addition of tar-
get categories and addition of new prohibited sub-
stances must be studied every 4 years, and the first 
revised RoHS Directive was published in July 2011. Al-
though this revision covers only a major review of ex-
empt items and expansion of target categories and no 
new prohibited substances have been added.  And four 
substances including one brominated flame retardant 
and three phthalate esters are cited as substances pri-
oritized for consideration for prohibition.

Due to their low cost and outstanding flame retard-
ing performance, brominated flame retardants are cur-
rently the most widely-used flame retardants the world 
over. However, the identification of the human physi-
ological persistence of these substances has resulted 
in the stipulation of PBB and PBDE as prohibited sub-
stances under the RoHS Directive and the citation in 
the revision of hexabromocyclododecane (HBCD) as 
a substance prioritized for consideration for prohibi-
tion. Moreover, tetrabromobisphenol A (TBBPA) also 
has a background of consideration as a candidate for 
classification as a prohibited substance. Due to the 
likelihood of their addition as prohibited substances, 
Fujikura has developed analytical techniques for bro-
minated flame retardants and has formulated an evalu-
ation system (Fig. 2, Table 2) 3).

Although phthalate esters are widely used as plasti-
cizers mainly to provide polyvinyl chloride (PVC) with XRF

UV-VIS
ICP-OES GCMS

Screening analysis

Precision-chemical 
analysis

Cr(VI)

Pb,Hg,Cd,Cr PBB,PBDE

Pb,Hg,Cr,Cd,Br detection

Fig. 1. Evaluation system for RoHS.

Substance
Threshold 

Value 
(ppm)

Analysis Method
Lower Limit 
of Quantita-
tion (ppm)

Lead (Pb)
Cadmium (Cd)
Mercury (Hg)

1,000
100

1,000

Acid decomposition 
in closed-vessel 

system/ICP-OES

10
1
10

Hexavalent chro-
mium (Cr (VI))

1,000

Alkali decomposi-
tion/diphenylcarbaz-

ide absorption 
spectrophotometry

2

Polybrominated 
biphenyl (PBB) 
Polybrominated 
diphenyl ether 

(PBDE)

1,000
Soxhlet extraction/

GCMS
40

Table 1. Analysis method and lower limit of quantitation of six 
regulated substances under the RoHS Directive.

Substance Screening Analysis Precision-chemical Analysis

PBB
PBDE
HBCD
TBBPA 

XRF (Br analysis)
Solvent extraction/GCMS 

Solvent extraction/LCMSMS

Table 2. Evaluation system for brominated flame retardant.
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Fig. 2. Chemical structure of brominated flame retardant.
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flexibility, it has been pointed out that it is suspected 
that this substance may be an endocrine disruptor (so-
called “environmental hormone”) that causes effects 
similar to those of female hormones, and its usage in 
toys and nursery items has therefore been restricted. 
Furthermore, since it has also been included in ap-
proved substance lists under REACH regulations (Note 

3) that will be mentioned later, in future, import to and 
usage in Europe will, in principle, be prohibited unless 
application-specific approval has been obtained. Mean-
while, the current situation is that there have been 
wide ranging assessments of risks relating to phtha-
late esters and, as a result, it will be important in future 
to ascertain how restrictions on usage in applications 
other than toys and nursery items will expand. Fujiku-
ra is promoting advanced countermeasures by initia-
tives such as the development of non-phthalate ester 
substitute substances and analytical techniques of 
phthalate esters. In particular, although, since phtha-
late ester is an organic compound free of characteris-
tic elements such as halogen and metal, the fact that 
screening analysis techniques using XRF developed 
for RoHS analysis cannot be applied presents a prob-
lem, and screening analysis techniques utilizing ther-
mal extraction/GCMS have been developed to realize 
an analytical approach (Fig. 3, Table 3) 4).

Note 3 :  Regulations pertaining to the registration, 
evaluation, authorization and restriction of 
chemicals

3. Halogen-free Trends
Although, from the standpoint of fire prevention in 

components for electronic and electrical devices, halo-
gen-type flame retardants have been used extensively, 
against a background in which it has been pointed out 
that certain flame retardants feature high environmen-
tal persistence and that, in addition, disposal by incin-
eration of such substances at low temperatures gives 
rise to concerns regarding the production of substanc-
es such as brominated dioxin and furan, the RoHS Di-
rective was enforced as a law to prohibit the use of 
these specific flame retardants. On the other hand, 
these environmental considerations and future trends 
in the regulation of chemical substances have given 
rise to greater opportunities to develop halogen-free 
products that do not contain halogens such as chlorine 
or bromines and this has led to a situation in which 
manufacturers promote halogen-free products as a 
form of voluntary regulation. Organizations such as 
the Japan Electronics Packaging and Circuits Associa-
tion (JPCA) and Institute for Interconnecting and 
Packaging Electronic Circuits (IPC) have defined lev-
els of 900 ppm or less for chlorine, 900 ppm or less for 
bromine and 1500 ppm or less for chlorine + bromine 
as standards for halogen-free materials. In any event, 
the development of halogen-free initiatives has be-
come a requirement in the environmental policies of 
all manufacturers and, since no restrictions are stipu-
lated under environmental law regulations, it is impor-
tant that analysis is provided in line with customer re-
quirements. Fujikura has established halogen analysis 
techniques using approaches such as the flask com-
bustion method and combustion tube method to real-
ize a system that enables analysis in accordance with 
the various applicable regulations.

4. Trends in REACH Regulations
REACH Regulations came into effect on June 1, 2007 

as a body of regulations pertaining to the overall regu-
lation, evaluation, authorization and restriction of 
chemicals in Europe. The basic concept of REACH 
regulations is the building of a system for the smooth 
transmission of information on chemical substances 
throughout the entire supply chain, but the regula-
tions do not make significant reference to the analysis 
of chemical substances. On the other hand, chemical 
substances that are the subject of high levels of con-
cern in terms of safety are called “Substances of Very 
High Concern (SVHC)” (Note 4) and, in cases where the 
level of SVHC in product exceed 0.1 wt%, the supplier 
of the product has a duty to provide relevant informa-
tion to downstream companies. Although, since 
REACH regulations came into effect in 2007, 73 sub-
stances have been listed to date as SVHC, it is said that 
more than 1,500 substances are actually targeted for 
control. To comply with REACH regulations, it is es-

Substance Screening Analysis Precision-chemical Analysis

DBP
BBP

DEHP

Thermal extraction/
GCMS

Solvent extraction/GCMS

Table 3. Evaluation system for phthalate ester.

17.5

(1)

(1) Anthracene
(2) Musk xylene
(3) DBP
(4) MDA
(5) BBP
(6) DEHP

(2)
(3)

Retention Time (minutes)

(4)

(5) (6)

Compositional samples
each with 0.01 wt%

20.0 22.5 25.0

50e6

40e6

30e6

20e6

10e6

0e6

In
te

ns
ity

Fig. 3. Results of simultaneous analysis of phthalate ester 
present in polyethylene using thermal extraction/GCMS.
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sential to maintain a constant understanding of ele-
ments such as the latest trends in regulations and cus-
tomer requirements and to formulate systems to 
ensure the smooth transmission of massive amounts 
of information on chemical substances.

Note 4 :  Also called “Candidate List of Substances of 
Very High Concern for Authorization” from 
which authorized substances are selected.

5. Conclusion
As the life cycle of home appliances such as electri-

cal and electronic devices shortens, from the stand-
point of the regulation of environmentally hazardous 
substances in products, it is becoming ever more im-
portant to comply with rules pertaining to disposal, 
collection and recycling after usage to reduce the im-
pact on the environment. To address the future likeli-

hood of growing strictness of regulations on environ-
mentally hazardous substances, Fujikura’s 
Environment and Analysis Center will continue to pro-
vide highly-accurate and highly-reliable analytical data 
to support the supply of safe products that customers 
can use with peace of mind.
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