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Abstract. Waste of electrical and electronic equipment is one the fastest
growing waste streams in the EU, with some 9 million tonnes generated in
2005 and expected to grow to more than 12 million tonnes by 2020.
Electrical and electronic products contain substances, which are valuable
as well as often also critical. The main aim of the paper is presentation the
methodological approach to identification of bromine or chlorine presence
in components (in WEEE). This followed by assessment of strengths and
weaknesses of the most popular methods. The main analysis for
identification of bromine and chlorine in plastics have been presented.

1 Introduction
The production of electric and electronic equipment (EEE) is one of the fastest growing
areas, it has resulted in an increase waste of electrical and electronic equipment (WEEE)
amount. In view of the ecological problems involved in the management of WEEE,
European countries and organizations have drafted national legalisation to improve the
reuse, recycling and other forms the point of waste treatment but also from recovery of
valuable materials. Electrical and electronic products contain substances, which are
valuable as well as often also critical (e.g. mass metals: copper, aluminium etc., precious
metal: gold, silver etc., critical metals: indium, gallium etc.) and pose risks to the
environment and human health (e.g. heavy metals: mercury, cadmium etc., flame
retardants: pentabromophenol etc.) [1,2]. On the other hand, waste management, in WEEE
area, gives the opportunity to re-use elements, the occurrence of which is quite limited, and
the technology of production is expensive and complicated. Such an example may be the
reprocessing of magnetic materials based on rare earth elements from electric motors and
hard disk [3]. Therefore, the management of electro-intangible has become one of the
important cognitive aspects, aims to combine the experience of engineering sciences with
collecting and separation in the field of electronic waste management [4]. In Europe, exist
high political interest for converting waste into a resource and a proper management of this
waste flow. While secondary plastics increase at the process are largely redirected to the
manufacture due to their high fraction purity, secondary plastic waste accruing after product
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use is recovered on a significantly smaller scale. The energetic recovery of plastic waste is
still dominant in European country.

2 Global production of plastics and WEEE generation
This is in clear contradiction with the emerging circular economy policy framework where
the value of products, materials and resources is maintained in the economy for as long as
possible [5, 6]. In 2014, the world production of plastics was 270 million tonnes (Mt), with
an EU production and demand of 50 Mt (18.5%) and 49 Mt, respectively and 2.8 Mt (5.8%)
of this EU production used for electric and electronic equipment. The waste of electric and
electronic separately collected in 2013 reached 3.5 Mt (6.5 kg/inhabitant), of which 2.7 Mt
were recovered. The plastic fraction in European WEEE depends on categories and
products and was estimated to be 2.3 Mt or about 20.6% of the weight of EEE in 2008 [7].
The mass flow of recycled plastics from WEEE separately sorted in the EU can be
estimated to 0.48 Mt (0 2.4 Mt WEEE recovered/ 20% plastics in WEEE). It is worth
noting that in WEEE the flame retardant (FR) additives are also found - chlorinated and
brominated organic compounds or polymers are mixed with the plastics used in electric and
electronic equipment to prevent fire damage. On average, 30% of the plastics in EEE
contain FRs and halogenated compounds [8-10]. The life cycle environmental impacts of
post-consumer plastics production from mixed plastic-rich WEEE treatment residues from
perspective of the customers delivering the residues and the customers buying the obtained
post-consumer recycled plastic is clearly superior to the alternatives (i.e. municipal solid
waste incineration (MSWI) and virgin plastics production) [6].
Directive 2012/19/EE of European Parliament and of the Council on waste electrical
and electronic equipment (WEEE Directive) aims to address this issue by implementing
inter alia the principle of the extended producer responsibility and collection, recovery as
well as joint recycling/preparing for reuse targets (Art. 11, Directive 2012/19/EU). The
Commission implemented Regulation 2017/699 validating a regular methodology for: the
calculation of the weight of EEE placed on the national market. In 2017, the Commission
adopted a legislate proposal to introduce the use of substances in electrical and electronic
equipment as hazardous. The activities provides for the creation of collection schemes
where consumers return their used waste EEE free charge. The objective of these schemes
is to increase the recycling and re-use of such products (Fig.1).

Fig. 1. Circuit diagram, from electric and electronic equipment (EEE) through waste of electrical
and electronic equipment (WEEE) to recycled material.
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3 Management of materials obtained from WEEE
The WEEE is called the mixture of materials and components due their hazardous content,
and if not properly utilize, can cause major environmental and health problems. The role of
WEEE utilization management is improvement of resource by increased collection,
transformation and recycling of electronics at the end of their life is essential. Secondary
market operations for EEE, which involve repair, replacement of spare parts, refurbishment
and reuse, and retrofitting, should be facilitated to promote a circular economy in the Union
[11]. Besides the problem of low collection rates, the recycling of plastics are very low [12
14]. Plastics are a considerable fraction of WEEE and contributes to the total generation of
post-consumer plastic waste in the EU-27, Norway and Switzerland in 2008 at 5% [15], but
the presence of brominated flame retardants (BFR) as well as various plastic types and
missing incentives (e.g. economic benefits of energy recovery) hampers the recycling of
plastic obtained from WEEE [7,13]. The high halogen content in theses plastics with
respect to their end of life management are the reasons the popular environmental and
health issue problem. In fact, halogenated plastics under heating treatment can release
irritant and corrosive gases, such as HCl or HBr. Also, in the presence of oxygen, metal
oxides in the ashes, and temperatures between 200 and 500°C, HCl and HBr can be
possible precursor of toxic substances such as polyhalogenated dioxins and furans and
various other organic halogen compounds [16]. Equal if they undergo pyrolysis, a thermal
treatment at low temperatures under inert atmosphere, dehalogenation of pyrolysis oil and
gas is essential to make them commercially sufficient. For these reasons, quality parameters
of WEE plastics is depend on the concentrations of bromine and chloride.

4 Analysis of bromine and chlorine presence in WEEE plastics
Sample pre-treatment followed by gas chromatography-mass spectrometry (GC-MS) is
instrumental analysis technique used to distinguish restricted from non-restricted BFRs and
for their density [17, 18]. Pre-treatment let on a complete dissolution of the polymer in an
relevant solvent, normally at room temperature, in sequence to avoid the thermal
degradation of BFR [19, 20]. Alternatively, a solid-liquid extraction is often adopted along
with a series of extraction procedures, such as those performed by shaking, ultrasonication,
microwave extraction, pressurized solvent, and supercritical CO2 [20-25]. In addition to
GC-MS, other analytical techniques used after the sample pretreatment and high
performance liquid chromatograpy coupled with MS or UV detector, infrared analysis, and
GC with an electron capture detector [21, 26-28]. When the BFRs are copolymerized into
the backbone of the polymer, their separation and quantification by the methods can be very
complicated to achieve [29, 30]. Unfortunately, as the sample amount to be subjected to
pyrolysis is very small (less than 1 mg), this technique is not appropriate for heterogeneous
plastic waste [31]. Furthermore, some pyrolysis products may negatively affect the results
of the analysis and identification of all the compounds.
The alternative destructive but quite simple analysis that could be identically used for
plastic materials is the elemental analysis of chlorine and bromine by ion chromatography
(IC) or titration. The analysis consists of high-pressure oxygen bomb combustion of the
sample followed by halogens recovery in a basic suspension [32, 33]. Methods based upon
non-destructive technics bring a useful perspective to check the eventual presence of
bromine and chlorine. They involve infrared equipped with an attenuated total reflectance
accessory, energy dispersive X-ray fluorescence spectroscopy (ED-XRF) and Raman
spectroscopy [18, 21, 34, 35]. ED-XRF presents elementary results for bromine and
chlorine, while Raman spectroscopy or infrared spectroscopy can be helpful in determining
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specific halide compounds. Kikuchi et al. in their research [35] indicated that BFRs in
acrylonitrile butadiene styrene (ABS) that Raman spectroscopy is less sensitive to matrix
interference, the results are greatly affected by this problem, which may mask the results, in
particular for small compound contents [18]. Morf et al. published a quantitative XRF
analysis [36], has been implemented on grained samples mixed with a matrix modifier
(silicates and/or lime), for calibration used a similar matrix (stand on a calibration for
geological samples with standard reference material). Although Aldrian et al. assessments
a handled XRF [37], provided with the manufacturer´s software, for a quantitative analysis
on WEEE. Many authors observed the importance of routine calibration of the XRF
analyser [33], as in the case of manufacture installed elemental rates are appreciably
different from calibration standards. To conclude, the lack of standards with matrices as
identical as possible to those of the samples can lead to less exact results. Consequently, it
might be profitable to investigate the results secured by using more authoritative laboratory
methods, and regard XRF as a very usable checking test for determining elemental
concentration [33,38]. In table 1 the concentration of bromine and chlorine based on results
reported in literature are presented.
Table 1. Review of Cl and Br analysis of WEEE plastics by different techniques [38-41].
Type of obtained plastic
material
TV and monitors
small household
appliances - small WEEE

Cl, %

0.01-1.3

0.01-10.6

4.5

1.2

Not mentioned
HXRF
XRF ICP-OES

0.02-3.9

Total reflection XRF
HXRF

-

IC

WEEE
Cooling devices - fridge
freezers

Possible methods
of analysis
Semiquantitative XRF

Br, %

1.3

According to literature data in the plastic obtained from the small pieces of household
equipment (small WEEE) identified even 4.4% of Br and 1.2 of Cl, while in waste from TV
and PC even 10.6 % Cl [38-41]. Such high contents bromine and chlorine in plastic
material obteined from differend kind of WEEE make these materials particularly
demanding in terms of processing and disposal.

5 Summary
Literature review and familiarization with the basic legal acts force in Europe, allows to
draw the conclusion, that waste management is a strategic point in the development
of materials management. It can be noticed that the significant development of civilization
contributes to the increase in the number of manufactured goods (in particular electrical and
electronic equipment), which service is limited and, as a consequence, increases the number
of waste. Difficulties arising from the recovery of WEEE materials arise from the
complexity of this waste. WEEE is called the mixture of materials and components due
their hazardous content, and if not properly utilize, can cause major environmental and
health problems. The most difficult material to recover are polymeric materials, and in
particular those that contain bromine and chlorine in chemical composition. The high
halogen content in WEEE plastics with respect to their end of life management are the
reasons of the popular health problem, cause the product of precursor of toxic substances
such as polyhalogenated dioxins and furans and various other organic halogen compounds.
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Therefore, methods are sought for easy identification of chemical components in plastic
waste, which will allow quick reactions to WEEE utilization.
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