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A report on the procedure for safe working with contaminated materials 
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This report was prepared in the course of the EU-project NONTOX. The NONTOX project 
deals with removing of hazardous substances in different plastic waste fractions to 
increase recycling rates of WEEE, ELV and CDW plastics. Handling and recycling these 
hazardous substances can lead to consequences for humans and the environment. This 
report is intended as a guide to the safe handling of these dangerous substances.  

 

An overview is given of the following points: 

 Legal framework for the handling of dangerous substances 
 Types of hazardous substances 
 Hazards of the respective substances 
 Overview of standard safety practices (Supplier, core technologies) 
 Recommendations for safe handling 

 

The above descriptions are for general guidance only and should not be used to ensure 
compliance with any legal requirements. They are based exclusively on the information 
provided to us. 
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Executive summary 

This deliverable (D1.4) provides an overview of procedures for safe working. NONTOX will 
target material recovery of plastics originating from WEEE, ELV and C&DW streams 
containing hazardous additives or undesired compounds such as flame retardants, 
stabilizers, fillers etc. Many of the chemicals used in these plastics are found to be 
harmful for health and the environment.  

There are several core technical opportunities to remove or destroy such legacy additives 
from the plastic. The handling of these potentially hazardous waste streams by different 
partners requires trained personnel and guidelines that must be adhered to. This safety 
guide is intended to provide an overview of the hazards associated with the handling of 
dangerous materials and the health risks they pose. Based on this information, general 
security measures are described and proposals are made to ensure better handling of 
these hazardous substances. 

The first contact (exposure) is crucial for a chemical agent to enter the human body. 
Followed by absorption at certain parts in the body. Exposure routes such as inhalation 
may cause occupational exposure to dangerous substances, dermal, oral and ocular 
exposure. The risks includes damage to the nervous system, reproductive system, birth 
defects, and lung disease and thyroid problems. There are several factors that determine 
the type and magnitude of exposure to halogenated material, including the following: 

 Handling & transportation practices 
 Storage of the material 
 The quantity and amount of material used 
 Duration of the applied process 
 Frequency of use/production/process 
 Tendency of material to be easily dispersed 
 Personal protective equipment (PPE) 

Therefore, it is important to protect the employees with occupational health and safety 
guidelines and to ensure a continuous improvement of safety standards in the different 
companies.  

The different partners of NONTOX have provided the respective safety measures 
observed in their company. A risk assessment was also carried out by the respective 
processes. Furthermore, recommendations for the safe handling of hazardous waste 
streams were listed and presented in the deliverable.  
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1. Introduction 
The demand for recycled plastics in Europe is low and limited to 6 % of the total plastics 
market (EU Plastics Strategy) and the application of recycled plastics is most often limited 
to low-value or niche applications.[1] In addition to the quality drop resulting from the 
far-from-optimal separation of polymer types and even within one polymer type, the low 
use of recycled plastics is also originated from the misgivings of many product brands and 
manufacturers, who fear the recycled material, will not meet their supply of materials 
with constant quality specifications. Removal of hazardous substances from pre-sorted 
plastic waste can be very difficult and costly. Furthermore, removing the plastic additives 
from the polymer matrix creates complex flow of side streams (e.g. hazardous substances 
removed from original feedstock). In addition to increase the efficiency and 
competitiveness of the recycled plastics, it is necessary to integrate the entire plastic 
waste management system with appropriate treatment and management methods, 
serving the ultimate goal of increasing the use of secondary plastics. [1] 

NONTOX will target material recovery of plastics originating from WEEE, ELV and C&DW 
streams containing hazardous additives or undesired compounds such as flame-
retardants, stabilizers, fillers, etc. For example, E-waste contains a fairly high content of 
brominated flame retardants (BFRs), e.g. polybrominated dipheyl ethers (PBDEs), tetra-
bromobisphenol A (TBBP-A) and hexabromocyclododecane (HBCD), both being typical 
brominated persistent organic pollutants (Br-POPs) and important precursors of highly 
toxic polybrominated dibenzo-p-dioxins and dibenzofurands (PBDDs/Fs). [2] Many of the 
chemicals used in these plastics are found to be harmful for health and the environment. 
Following this, these plastic fractions are forbidden for recycling until free from the plastic 
additives like flame retardants. Main secondary plastic outputs will include for example, 
ABS, EPS, PS, HIPS, PE and PP. The market for these polymers is massive as together they 
represent about half of the EU demand for plastics and yet a significant portion of these 
valuable plastics is landfilled or incinerated. [1] 

The handling of these potentially hazardous waste streams by different partners requires 
trained personnel and guidelines that must be adhered to. This safety guide is intended to 
provide an overview of the hazards associated with the handling of dangerous materials 
and the health risks they pose. Based on this information, general security measures are 
described and proposals are made to ensure better handling of these hazardous 
substances.  
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2. Treatment methods 
The three chosen feedstock, owing to their nature of application, are commonly equipped 
with additives to improve the properties of the material. Today, after these materials 
have been used for a product’s lifetime, some of these additives have been listed as SVHC 
or POP and must not be present in new products including recycled polymers at limits 
higher then specific threshold limits. There are several technical opportunities to remove 
or destroy such legacy additives from the plastic, which are listed below. 

 

2.1 Extruclean – AIMPLAS 

 

 
Figure 1: Extruclean Concept 

Extruclean is a mechanical recycling technology based on extrusion with simultaneous 
extraction by supercritical carbon dioxide (sc-CO2). The utilization of sc-CO2 allows 
extracting diverse undesired components (e.g., volatile compounds, odours and 
dangerous contaminants). These hazardous substances are volatilized and extracted from 
the polymer melt during extrusion degassing with a vacuum pump. The removed 
substances will be adsorbed in activated carbon based filters. These filters will be recycled 
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thermochemically (e.g. 2.3) to recover bromine or otherwise ensuring safe disposal by a 
hazardous waste management company.  

In the NONTOX project, the Extruclean process will be applied to BFR-ABS and BFR-HIPS 
from WEEE streams and to BFR-PS and BFR equipped and polyolefine based vapour 
barrier films from C&DW.  

 

2.2 CreaSolv® - Fraunhofer IVV 

 

 
Figure 2: CreaSolv® Concept 

CreaSolv® is a solvent based recycling technology which allows extracting legacy additives 
from mixed polymer waste. The mixed plastic waste from the different streams (WEEE, 
ELV and C&DW) is dissolved in a safe solvent [Dissolution]. After the dissolution of the 
target polymers the resulting solution is mechanically cleaned to separate non target 
polymers, pollutants and metal [Purification]. In the next step the solution is cleaned by 
solvent extraction and legacy additives like brominated flame retardants are separated 
[Precipitation]. In the final step, the solvent is separated from the polymer to be recycled 
whereas the polymers undergo an granulation step [Drying]. 

This process provides halogen free (<1000 ppm) target polymers, a halogen concentrate, 
and a mix of all non-target polymers.  
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2.3 Thermochemical conversion – IMDEAE 

 
Figure 3: Process diagram for thermochemical valorisation of by-products containing hazardous substances 

During thermochemical conversion, halogenated plastics waste releases its halogens from 
the polymer matrix at appropriate operating temperatures. The process configuration will 
be based on combining thermal, catalytic and phase separation steps in order to achieve: 
1) polymer cracking to hydrocarbons at severe cracking conditions, 2) halogen removal 
and trapping, to protect the catalyst from very aggressive halogen compounds and 3) a 
final catalytic hydro-dehalogenation step for removing the last traces of halogen in the 
final hydrocarbon products. The evolving halogens are trapped as halides through wet 
scrubbing. These halides could be purified and marketed as a by-product.  

 

2.4 MODIX - VTT 

The extruder MODIX basically consists of a comparably short but large diameter 
cylindrical tube -type screw/rotor and stator. The diameter of screw and cylinder are ten 
times those of conventional extruders with the same capacity. The large screw diameter 
allows feeding heterogeneous input recyclates of different size, density and shape ratio. 
Compared to conventional extruders with the same capacity the dimensions/size of input 
particles can be much increased. This allows feeding of heterogeneous and fluffy film type 
materials to MODIX. Due to these dimensions, also the inner surface of the stator can be 
machined to a functional geometry notably intensifying the blending, mixing and heat 
transfer efficiency. It is important for the NONTOX project to monitor the behavior (e.g. 
volatilisation or decomposition) of legacy additives during MODIX operation and to 
ensure minimal emissions to work place environments. 
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2.5 Mechanochemical dehalogenation - Zhejiang University, China 

Mechanochemical dehalogenation (MCD) is studied as one potential alternative in 
NONTOX for removing hazardous brominated flame retardants (BFRs) from WEEE plastic 
waste. Mechanochemical dehalogenation is based on mechanical-energy-induced 
chemical reactions between solid reactants (with the assistance of additive system), thus 
having potential for BFR degradation. In NONTOX, the dehalogenation pathways of three 
typical BFRs (polybrominated diphenyl ethers (PBDEs), tetra-bromobisphenol A (TBBP-A), 
and hexabromocyclododecane (HBCD)) will be investigated by MCD treatment. The MCD 
experiments will be conducted in a planetary ball mill in air, with the presence of Si-Al- 
additive system (to be developed and optimized). Ensuring safe trapping of BFR and their 
degradation products is essential in MCD experiments, especially when working with high 
BFR loads. 

 

3. Exposure to polymers with hazardous additives 
Exposure to chemicals commonly used in workplaces can lead to a variety of short- or 
long-term health effects such as poisoning, skin rashes and disorders of the lung, kidney 
and liver. Manufacturers and importers of hazardous substances are legally obliged to 
include warning labels and Safety Data Sheets with their products. A few of these warning 
logos are explained in the table below: 

 

Table 1: Overview of the warning logos for hazardous substances [3] 

Symbol Danger due to Safety and security 

 

Chemicals toxic to aquatic 
wildlife. 

Only dispose of in hazardous 
waste, never allow to escape 
into the environment. 

 

Corrosive - Material causing 
skin corrosion /burns or eye 
damage on contact, or that 
are corrosive to metals. 

Avoid contact; wear safety 
glasses and gloves. In case of 
contact, rinse eyes and skin 
with water. 
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Health hazard - An immediate 
skin, eye or respiratory tract 
irritant, or narcotic. 

In case of skin irritation or eye 
contact, rinse with water or a 
suitable product. 

 

Serious health hazard – 
cancer causing substance 
(carcinogen) with respiratory, 
reproductive or organ toxicity 
that causes damage over 
time. 

Before working with such 
substances one must be well 
informed; wear protective 
clothing and gloves, eye and 
mouth protection or 
respiratory protection. 

 

Fatal/Toxic if swallowed, 
inhaled or contact with skin 

Avoid contact, wear safety 
glasses and gloves. In case of 
contact, rinse eyes and skin 
with water 

 

3.1 Legislative framework 

The following chapter includes a summary of relevant legislation and standards on the EU 
level having an impact on the possibility to recycle plastic waste containing hazardous 
substances or limit the recycling possibilities. There is also a comprehensive legislative 
framework to protect workers from the risks of dangerous substances in workplaces. 

 

3.1.1 RoHS directive 

EU legislation restricting the use of hazardous substances in electrical and electronic 
equipment (EEE) has been in force since 2003: The RoHS recast (EU Directive 2011/65/EU) 
lays down provisions on the restriction of the use of hazardous substances in electrical 
and electronic equipment in order to contribute to the protection of human health and 
the environment, including the environmentally sound recovery and disposal of waste 
electrical and electronic equipment. Thus, chemicals like lead, mercury, cadmium, 
hexavalent chromium, polybrominated biphenyls (PBBs) and PBDEs should not exceed 
0.1% by weight in EEEs, or 0.01% by weight in the case of cadmium compounds. [4] 

In January 2017, the Commission adopted a legislative proposal to introduce adjustments 
in the scope of the Directive; the respective legislative act amending the RoHS 2 Directive, 
adopted by the European Parliament and the Council, has been published in the Official 
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Journal on November 2017. Four restricted substances (Bis(2-Ethylhexyl) phthalate 
(DEHP), Benzyl butyl phthalate (BBP), Dibutyl phthalate (DBP), Diisobutyl phthalate (DIBP) 
should not exceed 0.1% by weight in EEEs) were added under RoHS 3, which takes effect 
July 22, 2019. 

 

3.1.2 REACH 

The EU regulation REACH (No. 1907/2006) stands for Registration, Evaluation, 
Authorisation and Restriction of Chemicals and came into force on 1st June 2007. In 
principle, REACH applies to all chemicals, not only those used in industrial processes, but 
also those used in our daily lives, such as cleaning products, paints and articles such as 
clothing, furniture and electrical appliances. The regulation therefore has an impact on 
most businesses across the EU. Manufacturers and importers of chemical substances 
must register them with ECHA (European Chemicals Agency) if they use at least one tonne 
per year of the related substance; if the threshold is reached and the identity of the 
substance is known the requirement of registration should be checked (some substances 
are exempted). The ECHA also ensures that uniform rules are applied in all Member 
States. Furthermore, REACH requires dossiers (e.g. safety data sheet) information on 
health and safety risks, environmental risks and risk management measures for 
chemicals. These dossiers will be evaluated by ECHA. Unregistered chemical substances 
may not be placed on the EU market. Moreover, competent authorities of each Member 
State may request for the restriction of a chemical if its use within the EU constitutes an 
unacceptable risk to human health and the environment. Therefore, the requester must 
assess all alternatives for availability, feasibility and technical feasibility. [5] 

 

3.1.3 The POPs Regulation 

Persistent organic pollutants (POPs) are chemical substances that persist in the 
environment, bio accumulate through the food web, and pose a risk of causing adverse 
effects to human health and the environment. This group of priority pollutants consists of 
pesticides (such as DDT), industrial chemicals (such as polychlorinated biphenyls, PCBs) 
and unintentional by-products of industrial processes (such as dioxins and furans).  

Two international agreements regulate the handling of POPs: 

 The POP Protocol on Long-Range Transboundary Air Pollution (CLRTAP) 
 The Stockholm Convention 
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At European level, Regulation (EC) No. 850/2004 of the European Parliament and of the 
Council of 29 April 2004 on persistent organic pollutants and amending Directive 
79/117/EEC (the POPs Regulation) transposes into European law the two aforementioned 
international agreements. [6] Due to the legal form “Regulation”, the regulations 
contained therein are directly valid in the Member States without further 
implementation. The obligations and measures entered into under the international 
conventions are uniformly regulated and implemented in the EU.  

This regulation aims to protect human health and the environment through specific 
control measures. One of these controls is the environmentally sound disposal of waste 
consisting of or contaminated by POPs. The chemicals identified as POPs include for 
example industrial chemicals such as polychlorinated biphenyls (PCB). PCB are very often 
used in electrical appliances. [7] 

 

3.1.4 The WEEE Directive 

The Directive on Waste Electrical and Electronic Equipment (2012/19/EU) is designed to 
prevent waste from electrical and electronic equipment and to avoid waste through 
reuse, recycling and other forms of recovery. This law addresses substances, mixtures and 
components that have to be removed from separately collected WEEE. According to this, 
plastics containing BFRs must be removed, before being reused. [8] In Germany this is 
addressed by a complete removal of plastics in initial WEEE treatment plants. This plastic 
fraction is then send to incineration or to specialised recyclers capable of separating BFR 
containing from BFR free plastics.  

 

3.1.5 The ELV Directive 

This Directive (2000/53/EC) lays down on measures aimed primarily at the prevention of 
vehicle waste and, in addition, at the re-use, recycling and other forms of recovery of end-
of-life vehicles and their components with a view to reducing waste disposal. It shall also 
aim to improve the environmental performance of all operators involved in the life cycle 
of vehicles, and in particular those operators directly involved in the treatment of end-of-
life-vehicles. According to this legislation the use of lead, mercury, cadmium and 
hexavalent chromium should be prohibited, and only be used in certain applications. 
These applications should be listed and regularly reviewed. [9] 
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3.1.6 C&DW – related legislation 

Construction and demolition waste (CD&W) is one of the heaviest and most voluminous 
waste streams in the EU. It accounts for around 25% - 30% of all waste generated in the 
EU and consists of many materials, including concrete, bricks, gypsum, wood, glass, 
metals, plastics, solvents, asbestos and excavated soil, many of which can be recycled. 
The Waste Framework Directive (2008/98/EC) aims to create a framework for the 
transition to a European recycling society with high resource efficiency. In particular, 
Article 11.2 states that “Member States shall take the necessary measures to ensure that 
by 2020 at least 70% (by weight) of non-hazardous construction and demolition waste 
other than naturally occurring substances of category 17 05 04 in the waste inventory is 
prepared for re-use, recycling or other material recovery” (including backfilling of waste 
as a substitute for other substances). [10] 

 

3.1.7 Commission regulation on criteria labelling waste as hazardous 

Commission Regulation (EU) No 1357/2014 of 18 December 2014 replaces Annex III to 
Directive 2008/98/EC of the European Parliament and of the Council on waste and 
provides a list of 15 properties that render a waste as hazardous. [11] With respect to the 
H14 criteria “ecotoxic” Council Regulation (EU) 2017/997 of 8 June 2017 defines more 
clearly maximum levels of chemicals that fulfil the hazard statement code 400, 420, or 
410 to 413, e.g. 2500 ppm for TBBP-A. [12] 

 

 

3.2 Types of hazardous substances 

 

In general, to ensure that modern polymers meet the requirements of customers and 
polymer converters, the recyclers and compounders give them desired properties by 
additivation. The three chosen types of plastic feedstock (WEEE, ELV, C&DW), owing to 
the nature of their applications, usually contain chemical additives to improve the 
properties of the material, such as flame retardants, catalysts, stabilizers and blowing 
agents.  

Different toxic additives such as DEHP, DIBP, DBP, PCB, HBCD or heavy metals are used in 
the various feedstock. The following table shows the possible hazardous substances. 
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Table 1: Hazardous substances in different fractions [13] 

Hazardous substance group Product examples Plastic type examples 

WEEE   

Heavy metal based colorants, stabilisers and 
catalysts such as cadmium, mercury and lead 
and their compounds 

Casing for TVs and PCs and consumer 
electronics shredder residue 

HIPS, ABS, ABS-PC, PPO-PS 

Flame retardants such as BFRs (e.g. OctaBDE, 
TBBPA, DecaBDE, PBDE) 

Scanners and casing for TVs and video 
devices 

ABS, HIPS, ABS-PC, PPO-PS 

Plasticisers such as short-chained chlorinated 
paraffins (SCCP) 

Kitchen appliances and game controllers (Soft) PVC 

Polychlorinated biphenyl (PCB) Damaged capacitors  

Others, such as perfluorinated alkylated 
substances (e.g. PFOS and PFOA) 

Photographic and electronic equipment 
and components 

 

Oscillating quartz Electronic component in quartz oscillators  

ELV   

Flame retardants such as BFRs (e.g. DecaBDE) Car fittings, shredder residue PP, ABS, PA, PUR/PUR 
foam 

Monomers, cross linkers, hardeners, chain 
modifiers and catalysts such as formaldehyde 

Stuffing in car seats  

C&DW   

HBCD External Thermal Insulation Composite 
Systems 

 

Flame retardants such as BFRs (e.g. PBDE) Piping a vapour barrier films PE, PP 

Asbestos fibres Tile adhesive, window putty, sealing 
cords, pipe sheathing, plates of asbestos 
cement 
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The production of some of these substances was discontinued years ago, but they can still 
be found in old stocks as well as in recycled products. This table lists the different 
hazardous substances, which might be present in products of the specific waste stream 
and which have to be considered when treating such mixed plastic fractions.  

According to the law, these fractions must be identified and separated. Furthermore, 
different steps are necessary for the separation of these plastic fractions.  

 

4. Risk assessment 
The first contact (exposure) is crucial for a chemical agent to enter the human body. 
Followed by absorption at certain parts in the body. Exposure routes such as inhalation 
may cause occupational exposure to dangerous substances, dermal, oral and ocular 
exposure. The risks include damage to the nervous system, reproductive system, birth 
defects, lung disease and thyroid problems. 

There are several factors that determine the type and magnitude of exposure to 
halogenated material, including the following:  

 

- Handling & transportation practices  
- Storage of the material 
- The quantity and amount of material used 
- Duration of the applied process 
- Frequency of use/production/process 
- Tendency of material to be easily dispersed 
- Personal protective equipment (PPE) 
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Figure 4: Pathways of exposure [14] 

 

4.1 Hazards of the respective substances 

Due to the hazardous substances mentioned in 3.2, which are in the different feedstock 
(WEEE, ELV and C&DW), various health problems can occur in humans.  

 

4.1.1 Inhalation exposure 

This type of exposure is considered as one of the most common in the occupational area. 
The pollutants present in the workplace, enter the air as aerosols. Furthermore, such 
pollutants may be of organic origin (e.g. allergens, mucociliary clearance, micro-
organisms) or inorganic (e.g. dusts, gases, vapours, smoke). Particles with a diameter 
larger than 10 µm – the so-called coarse dust – remain largely attached to the nasal hairs 
or mucous membranes of the nasopharynx. Smaller and tiniest dust particles (fine dust, 
ultrafine particles) can, however, penetrate deep into the lungs via the trachea and 
bronchi. During the various recycling processes contaminated dust, caused by shredding 
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and sorting, can enter the circulating air. These dusts can have significant biological effect 
on the human body.[15] 

The NONTOX feedstock (WEEE, ELV, C&DW) may contain for example quartz and asbestos 
fibres. These fibres belong to the scar-forming dusts, since after frequent exposure over a 
long period of time they can lead to a progressive remodelling of the lung tissue. This has 
a negative effect on respiration and gas exchange. Both asbestos- and quartz-containing 
dusts can also lead to cancer and other secondary diseases. [15] Asbestosis, i.e. hardening 
of the lungs, has been recognised as an occupational disease since 1936. [16] 

 

4.1.2 Dermal exposure 

The entry of contaminated material into the human body can also occur through skin 
absorption. Within the sorting and recycling process it is possible to be in contact with 
hazardous liquids, suspensions or dusty atmosphere. In addition, dermal exposure may 
also occur during cleaning and maintenance of machines or workplaces. This kind of 
exposure is considered less concerning compared to inhalation. But it can lead to skin 
irritation, dryness and erythema.  

 

4.1.3 Secondary routes of exposure 

The recycling of the different feedstock can also lead to other exposure. These can be 
encountered for example oral, injection, ocular and exposure through the ears. [14] 

 Oral – Exposure: The unintentional hand-to-mouth transfer of materials can lead 
to oral ingestion. In addition, careless safety practices, such as transporting or 
wearing contaminated protective clothing outside work areas, may also result in 
oral exposure. Also inhaled particles that are transported through the mucociliary 
escalator may be swallowed.  

 Infection Exposure can occur by accidental open wounds. The shredded fractions 
are dangerous because of the sharp edges, where injuries can easily occur. 
Careless acting can lead to severe inflammation. Protective measures include 
wearing gloves and lab coats as well as the use of standard procedures for working 
with sharp objects.  

 Ocular Exposure may be caused by contact between hands and eyes after 
contamination if no appropriate hygiene measures are taken.  

 Strain on the ears: During the shredding of the different material it can become 
very loud. Without suitable protection of the ears, hearing may be impaired. 
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4.2 Protective gear 

Personal protective equipment (PPE) must be used in all work and activities which, by 
their nature, could cause injury or damage to health and which cannot be prevented by 
other measures. If somebody is working with feedstock like WEEE, ELV, C&DW that might 
contain hazardous contaminants, the person should wear the standard personal 
protective equipment (PPE), in accordance with the risk assessment evaluation (Directive 
89/391). The possible PPE are listed below [17]: 

 

 Sturdy work gloves protect your hands from cuts and scrapes while moving and 
storing the equipment 

 Chemical-resistant disposable gloves prevent skin contact with harmful dusts and 
chemicals 

 Safety glasses prevent dust and flying objects from damaging the eyes 
 Coveralls protect skin and clothing 
 Sturdy work boots protect feet from sharp punctures and heavy objects that might 

crush toes 

 Ear protection prevent impairing of the ears. 
 Head protection protects your head in areas in which there is a danger of falling 

objects. 

 Consider using a respirator, depending on the local ventilation and type of 
operation, to protect against harmful dusts and fumes 

 Warning vest protects by faster recognition of the wearer from mechanical 
influences, like forklift, trucks etc.  

 

It is important to note that any protective equipment against hazardous substances 
always has a temporary effect from the first contact. The selection and service life of 
protective gloves depends on the glove material, the concentration of the hazardous 
substance and the working method. In general, hygiene must be observed to avoid 
contamination of other areas.  
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5. Overview of standard safety  
5.1 Safety aspects of various recyclers 

In this chapter, the standard rules and procedures of the different recycling partners of 
NONTOX and two German waste management companies are introduced. Information 
was gathered by interviews of Fraunhofer IVV with responsible staff from the respective 
companies. As listed measures in general comply with the respective national legislation, 
they serve as high level standards that might be suggested to experimental operations in 
the R&D environments of NONTOX research partners if hazardous NONTOX infeed 
material is involved. 

 

Relight is a private company, part of TREEE Group, a leading industrial player operating in 
the Italian e-waste (WEEE) sector with a supply chain covering every segment from the 
home delivery of household appliances to the collection, treatment and recycling of 
electrical waste. They accept all waste according to the Italian authorization, e.g. washing 
machines, CRT, used lamps & household equipment.  

According to the specific Italian law on WEEE (e.g. Dlgs 49/2014 Italian WEEE regulations 
and Dlgs 152/2006 Environmental law), all waste and their components must be stored 
under proper covers and the plant must have proper surfaces, which must be water and 
chemical resistant. The contaminated material is stored in big bags with internal liner for 
ADR transport. The material is mostly dry, nevertheless Relight are authorized to receive 
liquid waste too.  

Pre-treatment of household equipment concerns the remove of those components which 
can be critical for the following treatment (e.g. toner, capacitors or batteries). No 
pollutants are emitted during this step. In the further process steps like shredding may 
produce powders containing some heavy metals such as Cd, Pb, Zn may be produced. To 
collect these elements Relight utilises proper collective suction system with specific 
filters. In general, the material poses the following hazards for employees: 

 Breathing of powders due to shredding steps 
 Rebound of material 
 Cutting 
 Noise 

In order to prevent these dangers, employees must wear their personal protective 
equipment (safety shoes, gloves, filter mask, glasses, and plugs).  
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Stena is a large recycling business, mainly operating in the northern parts of Europe and 
in Italy. The Group includes a number of recycling companies with more than 250 
recycling sites where materials such as end of life vehicles (ELV), electronic waste (WEEE) 
and industrial wastes are treated. The company accepts all material from WEEE and ELV 
except explosive and radioactive material. In Sweden, Stena is subject to the working 
environment act, which is divided into work environment regulations. Therefore, handling 
contaminated material falls under a number of work environment regulations based on: 

 Use of work equipment 
 Workplace design 
 Chemical work environmental risks 
 Individual regulations e.g. medical controls etc. 

The contaminated material is stored in container and in piles inside or outside. In 
addition, the contaminated water is collected and purified in the storage area. During 
shredding and sorting process only dust is ejected. No other harmful substances are 
known. The dust is extracted with special filters, then it will be cleaned and released into 
the environment. No special limit values are known which the dust (after cleaning) must 
comply with. The processes pose various risks to employees, like risk of injury from 
cutting on the material, release of heavy metals or entrapment by the machines. For 
these dangers, Stena takes various safety precautions: 

 Safety rules 
 Regular risk assessment on all work  
 Personal protective equipment 
 Local safety regulations and instructions to complete legislation 
 Training for the personal 
 Lock out – Safety walks 
 Internal/external safety audits 

 

The personal protective equipment consists of high visibility, protective clothing, glasses, 
helmets, safety shoes, gloves, ear protection and dust protection. All machines are CE-
marked and risk assessed, meaning that barriers are provided where possible.  
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Galea Polymers is a private company leader in the WEEE plastics recycling market in 
Spain and Portugal. Galea supports WEEE recyclers to manage large amounts of plastic 
scrap operating with the license 07G04180900053504 issued by the Government of 
Castilla y León, largest region in Spain. Galea has a 3 M€ best available technology 
working two shifts in the facility of 5.000 sqm in the north of Spain. The plant manages up 
to 500 Tons of plastics per month. The treated plastics are mainly not hazardous (LER 
191204). After separation and concentration of polymers into categories, some 
brominated plastics appear and are managed via incineration. 

During the recycling process Galea uses water, which comes from the drain pipes and 
water tank on the roof of the building. When it rains, the water is collected there, which is 
simply, cheap and environmentally friendly. No waste water is produced during the 
recycling process - the only residual products are sludge and also fines from the shredding 
process. All the processes are performed under protective cover and no work is 
performed outside the facility.  

Residues in the incoming feedstock and the treated materials are generally not dangerous 
for the workers (only ingestion could be harmful). For hygienically reasons cleaning hands 
after working is mandatory. 

Also to use the following safety and protective equipment is required: 

 Glasses 
 Gloves 
 Ear plugs 
 Fluorescent jackets 
 Safety shoes 

 

Coolrec is a part of the Renewi group. Renewi is a major waste collection and treatment 
company in the Benelux area, UK and Canada. The group has dedicated semi- and full-
automatic processes for e.g. fridges, CRT and LCD screens, large and small household 
appliances, WEEE plastics and non-ferrous mixtures. Preparation for automated recycling, 
i.e. manual sorting and/or removal of dangerous components, is done on all locations. 
Coolrec accepts all the material that is coming from the WEEE stream. They have to 
follow up the European guidance on waste and chemical regulation and the LAP (Dutch 
waste management plan). The contaminated material is stored in large bags, covered 
with a plastic film behind a closed door. There is no threat to nature because of the 
closed and insulated storage.  
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Since Coolrec Plastics is a mechanical recycling plant, there are no chemical treatment 
within the production process. No pollutants are emitted during the pre-treatment and 
the complete process. The only stress the material is subjected to is that the material is 
going through a salt bath for separation purposes. Salt can be a contamination for the 
material. The only danger is Cl, it can be a complicated element to deal with in the 
process. For the employees there is no danger regarding the material. Only the ingestion 
of the material could cause a threat to the employees. To overcome this challenge, some 
safety trainings are organized. Information and instructions regarding danger, safe 
storage are shared and explained. It is mandatory to thoroughly clean hands before 
eating and drinking. 

The personal protective equipment should be: 

 Glasses 
 Gloves 
 Ear plugs 
 Fluorescent jackets 
 Safety shoes 

In addition, some barriers are implemented in the whole separation plant in order to 
ensure a safe working environment.  

 

Ecodom is a not-for-profit private consortium established as a Compliance Scheme by the 
leading producers of large household appliances, extractor hoods and water-heaters 
operating on the Italian market to manage Waste Electrical and Electronic Equipment 
(WEEE). Ecodom is responsible for the proper management Waste Electrical and 
Electronic Equipment (WEEE) and it operates on the market relying on external suppliers 
(logistic and pre-treatment operators such as Relight). In Italy, appliances are clustered in 
five streams: 

 Cooling and freezing appliances 
 Large household appliances 
 TV and monitors 
 Small household appliances 
 Lamps 

According to the specific Italian law on WEEE (e.g. Decree Law 49/2014  Italian WEEE 
regulations and Decree Law 152/2006  Environmental law) must have proper surfaces, 
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which must be water and chemical resistant. Besides, as regards cross-border shipment of 
BFRs plastics notification is required by law.  

The pre-treatment of WEEE could be identified in 3 main steps: de-pollution, shredding 
and sorting. Some components such as toner, capacitors or batteries have to be removed 
from the equipment before the shredding step. During this phase, if properly done, no 
pollutants are emitted. In the further process steps like shredding may be produced 
powders containing some heavy metals such as Cd, Pb, Zn. To collect these contaminants 
proper collective suctions system with specific filters are usually foreseen. In general, the 
material poses the following hazards for employees: 

 Breathing of powders due to shredding steps 
 Rebound of material 
 Cutting 
 Noise 

In order to prevent these dangers, employees must wear their personal protective 
equipment (e.g. safety shoes, gloves, filter mask, glasses and plugs) in accordance with 
the risk assessment evaluation. 

 

As two further examples for safety standards in German waste management companies, 
two companies from outside the NONTOX consortium gave us an insight into their usual 
standard safety precautions. As a matter of principle, every waste disposal company must 
comply with the provisions of occupational health and safety law, hazardous substances 
law, water law, building and environmental law. In addition, the disposal companies are 
dependent on the information provided by the manufacturers and distributors of the 
substances. The following describes the internal procedures: 

1. Data research using substance data sheets (incl. individual ingredients – e.g. 
HBCD) 

2. Classification into special legal areas, e.g. water law in water hazard classes, MAK 
values according to industrial safety law, flammability according to fire protection 
regulations (e.g. plastic storage guidelines), and hazard class according to 
hazardous substances law. 

3. Determination of the need for protection e.g. storage of substances hazardous to 
waters.  

For example, in the case of polystyrene containing HBCD, it must be ensured that it is 
stored in a hall with a solid, liquid-tight floor. In addition, storage has to be carried out 
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with an automatic fire alarm system in accordance with the plastics storage guidelines. 
For larger quantities, an automatic extinguishing system should be provided. 
Furthermore, work should only be carried out wearing suitable gloves and in compliance 
with the relevant hygiene regulations. 

Both interviewed German companies do not accept thermal storage heaters (due to size, 
weight, pollutants – expensive disposal), radioactive material, biologically contaminated 
material (e.g. laboratory equipment, medical devices) and no broken devices (leakage of 
oil etc.). The biggest problems currently arise with lithium-ion batteries, as they are often 
incorrectly disposed of. During processing, it can lead to self-igniting explosions. The 
problem is that the disposers receive little information from the manufacturer about 
pollutants, product composition etc. Often this is due to inadequate labelling.  

Both companies state the importance of expertise and that trained personnel who have 
many years of work experience in these areas are indispensable. 

 

5.2 Safety aspects specifically related to NONTOX core technologies 

This chapter describes the safety aspects of the individual NONTOX core recycling 
processes listed in Chapter 2. Information was collected by the different partners using a 
risk assessment table and subsequently evaluated by Fraunhofer IVV and VTT. In this 
table, various possible hazards and the resulting potential damage to workers and the 
environment were compared. Since the different NONTOX core technologies usually face 
similar problems related with the handling and processing of waste plastics with 
hazardous additives, the information from the risk assessment tables have been 
combined. This summary is presented in Appendix A.  

 

In general, the different NONTOX waste plastic pre-treatment and recycling processes 
have to deal with the following points:  

 Receiving, handling and pre-processing of hazardous plastic waste at the different 
facilities 

 Processing this plastic waste streams in the various core technologies 
 Dealing with the hazardous residues after the processes 
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In order to counteract dangers, every company should prepare a risk assessment for the 
points mentioned above. This assessment can be traced according to the following 
schemes. 

Identify
hazards

Assess 
hazards

Produce 
action planProcess

Define and 
implement 
action plan

Check 
effectiveness

 
Figure 5: Scheme of a risk assessment 

 
This scheme should be carried out at the beginning for each sub-process of the respective 
facility.  

 

For example, the following dangers for receiving of samples can be identified.  On the one 
hand a risk can be determined by the danger of possible pointed and sharp parts (e.g. 
metals or sharp plastic edges) and on the other hand a risk can be determined by the 
release of particles (e.g. dust), gas or odour release. These risks pose an exposure for 
working personnel (e.g. possible respiratory, skin or eye irritation) and for the 
environment (e.g. pollution by released dust). 

In order to prevent these risks it is important to collect adequate pre-information from 
the supplier (e.g. recycler). Also waste batch transportation should be done according to 
the legislation. Furthermore, it is necessary to use PPE upon opening and investigating the 
waste material batch. If it is possible, the material batch should be moved to a separate 
isolated facility or operate under forced ventilation (e.g. fume cupboard, room with 
suction system). These action points should be reviewed and revised after a while. These 
objects are necessary to create a safe process.  

 

In accordance with the scheme in Figure 5, the hazard identification and risk estimation 
can be approached via a risk graph to allocate a risk factor (or index) for each process 
where hazardous situation may be involved. Figure 6 shows such a principle adapted from 
ISO/TR 14121-2:2007, where the risk index is calculated based on four parameters 
corresponding to various elements of risk: 1. Severity of harm (S), 2. Frequency and/or 
duration of exposure to hazard (F), 3. Probability of occurrence of the hazardous event 
(O) and 4. Possibility of avoidance or reduction of harm (A). 



 

    27 | 36 

  

This project has received funding from the European Union’s  
Horizon 2020 research and innovation programme  
under grant agreement No 820895. 

 

 
Figure 7: General scheme for the risk factor determination based on four principal elements of risk as defined in ISO 
14121-1:2007. Adapted from [18]. 

 

This overview shows which risk factor is to be expected in the individual processes. From 
this, the magnitude of the danger can be estimated. Based on the identified risks and 
taking into account the proposed mitigation actions described in Chapter 6 and Appendix 
A, for all the listed NONTOX core technologies an average risk index of 2 can be 
determined. A risk index of 2 or less can be generally classified as low, and may be 
evaluated to represent the level at which no further risk reduction is required 

In general the risk factor can be kept as low as possible by foresighted planning and 
compliance with the intended safety measures. These recommendations for safe handling 
are listed in the next chapter.  
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6. Recommendations for the safe handling of hazardous additives 
 

In this framework, it was considered necessary to compile and present a thorough list of 
safety recommendations regarding the handling of hazardous substances within the 
context of NONTOX, to provide a basis for ensuring the highest levels of safety possible 
for NONTOX processes involving WEEE, ELV and C&DW materials. The logical basis for 
employing these guidelines should follow the STOP principle i.e. substitution of sources of 
danger, application of technical measures (e.g. use of protective devices), operation of 
organisational measures and use of personal protective equipment. 

 

List of Recommendations 

PREPARATORY ASSESSMENT 

Collect adequate information about potential adverse effects of the materials used 
before designing and performing processes. In addition, the available safety data 
sheets should be consulted. Many materials can present a high risk of possible health 
effects, so a toxic reaction cannot be excluded. Some important data that should be 
compiled are properties of the contaminated material, such as chemical composition, 
size, particle morphology, reactivity and solubility (e.g. XRF, GC-ECD). These 
characteristics provide a solid basis for carrying out a risk assessment and deciding on 
an appropriate risk reduction strategy.  

Investigation of suitable processing parameters on small laboratory scale. It is 
important to first test the material in small scales before upscaling the process.  

Ensuring that first aid measures are available (e.g. fire extinguisher, first aid kit, 
defibrillator etc.). In addition, that personal protective equipment is freely accessible 
for every employee. 

RECOMMENDED WORK PRACTICES 

Provide appropriate controls to minimise inhalation exposure. Processes should be 
used in aspirated areas such as fume hoods where possible. If not applicable, air 
pollutants may be removed by local exhaust ventilation. Ensure adequate ventilation of 
reactors and furnaces. After ensuring that the technical controls are used as far as 
possible, the use of respirators can further reduce exposure. In addition, breathing or 
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face masks are recommended if dusts or volatile emissions may occur. 

Provide appropriate controls to prevent dermal and ocular exposure to contaminated 
materials. The use of gloves and eye protection (safety glasses) should be mandatory 
when handling dusts containing e.g. flame-retardants. Recommended glove materials 
are nitrile, latex and chemical resistant polymer. Gloves should be selected to be 
compatible with solvents and other enclosed materials. Gloves with extended sleeves 
may be appropriate when handling liquids, while double gloves may be used for some 
processes or heat-resistant gloves may be advantageous. Laboratory coats should also 
be used to protect the body. 

Securing the sealing of containers. Use an outer packaging made of shock- and liquid 
absorbing materials to protect the inner container from damage and to absorb possible 
leaks.  

Always, carefully understand the special needs for the storage for chemicals before 
storing them. Depending upon the nature of the chemicals, mixtures and storage 
conditions, the reactants may react forming toxic or even explosive mixture. 

Label all chemical containers with the identity of the contents. If known, consider 
hazard warnings. Use signs indicating the use of hazardous substances in relevant work 
areas to prevent access by untrained/unauthorized persons. In addition, the occurrence 
of ignition sources must be avoided. 

Take appropriate hygienic measures, such as regular hand cleaning. The consumption 
of food and beverages in laboratories should not be permitted. Contaminated 
protective clothing should not be worn or transported in other areas. In addition, 
handling of a mobile phone in laboratories should not be allowed as contamination 
may be transferred to other areas. Smoking in these areas should also be prohibited.  

Vulnerable persons (asthma patients, pregnant woman) should not be exposed to 
these contaminated materials and working in the laboratory is strictly prohibited.  

Prevent secondary exposure. Airborne particles released from processes can deposit in 
work surfaces and return to the air under certain conditions. Contaminated PPE should 
be disposed of with care to prevent secondary release.  

Prevent contamination of laboratory surfaces. Do not use compressed air to clean spills 
as this may cause particles to enter the air. If it leads to large spills of solvents or 
similar, the respective absorber should be used. After completion of the work, wet 
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wiping can clean the surfaces. Suitable damping solutions are isopropanol or water. 
Work surfaces should preferably be pore-free and easy to clean.  

In case of spillage, contain the area carefully with inert material such as Sand. The 
spillage could be of toxic substance, in that case, approach carefully with extreme 
caution equipped with necessary PPE.  

Reaction vessels containing contaminated material should be pre-cleaned by damp 
wiping with paper towels before being completely cleaned by a dishwasher/washbasin 

Eye showers and hand washbasins should be installed close to the work areas. Hands 
should be washed before each operation, after completion of material processes and 
before and after removing gloves. Good personal hygiene is also promoted by the 
availability of showers.  

Gas detectors should be installed near by an experimental facilities. They indicate and 
report the level of gas detection. In case of leakage of toxic gases (such as CO, HCN) 
follow the evacuation procedure. The use of (fan-assisted) respiratory protective device 
is mandatory when approaching the contaminated room. Filter type must be checked 
beforehand. The use of the correct PPE is required depending on the chemicals that 
may be present or formed. Also it is important to monitor the gas flow from the 
machines, in case there is no flow, it is an indication that the pipe is blocked.  

Laboratory areas should be separated from office space. Contaminated material should 
not be stored in non-laboratory areas such as offices or corridors.  

If there is a risk of contaminated material, move the material batch to a separate, 
insulated facility or work under forced ventilation (e.g. fume cupboard, local gas 
exhaust). 

Treat contaminated material as hazardous. This includes wastes containing pure flame-
retardants such as liquid suspensions and solid matrices with a contamination factor 
that have a release potential. All contaminated materials, containers and artefacts 
should be disposed of as chemical waste.  

More than one person should carry out hazardous work presenting a high hazard 
potential, while a person can carry out less hazardous work if an experienced and 
trained person is present in the premises.  

When working with high pressures never carry out this work alone. The pressure must 
be monitored regularly, if it rises above a certain defined threshold value the work 
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must be stopped immediately and the pressure must be carefully released 
continuously. 

When working with hot temperatures, the work should only be carried out by trained 
personnel. The personnel must be provided with suitable safety equipment (e.g. heat-
resistant gloves and clothing, safety shoes etc.) 

When working with heavy materials, care should be taken to wear a safety helmet and 
safety shoes. In addition, the machines (e.g. shredders, conveyors or ovens) should be 
equipped in such a way that there is no acute danger to personnel. Staff should be well 
trained and warned of possible hazards. 

If work has to be carried out in explosion-protected areas, suitable equipment for the 
personnel must be ensured. Furthermore, only persons who are very well trained are 
allowed to work there.  

FIRST AID 

In the case of exposure incidents, the following first aid measures are recommended: 

- If cuts are caused to the skin, immediately contact the first aider, who should 
disinfect the wound well and protect it with suitable products (e.g. plaster, 
bandage, etc.) 

- In case of eye contact with contaminated material, rinse with plenty of water 
and use the eye shower if necessary 

- If inhaled or swallowed, gargle your mouth thoroughly, wash and rinse it and 
move to a clean-air area, also spitting it out makes sense if swallowed 

- In case of skin contact, wash and rinse with soap and plenty of water or wipe it 
off with cleansing cream. 

- If burns are cause to the skin, immediately rinse it with plenty of water to 
relieve pain. A cooling gel should then be applied to the skin. In case of larger 
burns, please call the emergency doctor immediately and try to sedate the 
person.  

 

The above recommendations are for general guidance only and should not be used to 
ensure compliance with legal requirements. They are based solely on the information 
provided to us. Recommendations possibly do not cover the complete field of real risks 
and do not prevent operators in research organisation and companies from performing a 
suitable and comprehensive operation risk assessment on their own.  
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8. Appendix A 
Preliminary risk analysis from the different core technologies 

Function Accident scenario     Residual risk and how to reduce it 

Process Hazard Hazardous 
situation 

Potential damage Comments 

During pre-treatment 
Receiving and handling of 
hazardous plastic waste at 
different facilities 

- Risk of particulate 
release (e.g. dust), gas or 
odour release 
- Risk of injuries due to 
sharp edges on the 
material 
- other potential risk 
upon transportation, 
opening and pre-
processing of the plastic 
waste batch 

Exposure of the 
working personnel or 
environment to the 
released dust or 
particulates etc. 

- Possible respiratory 
- skin and/or eye irritation 
- Cutting injuries  

- Collection of adequate pre-information from the supplier (e.g. recycler). 
- Waste batch transportation should be done according to the legislation. 
- Use of PPE upon opening and investigating the waste material batch 
(gloves, mask, eye cover etc.). 
- If risk is possible, move the material batch to a separate isolated facility or 
operate under forced ventilation (fume cupboard, local gas exhaust). 

Storage of the material  - Reaction of the 
different chemicals 
- Spillage 

- Formation of 
unwanted chemicals 
and gases as a result 
of inappropriate 
storage conditions 
- The products can 
spill from the 
container if the 
containers are 
improperly handled 

- Exposure to toxic 
chemicals can be 
dangerous if appropriate 
PPEs are not worn. 
- Exposure to the 
environment  

- Always, carefully understand the special needs for the storage for chemicals 
before storing them. 
- Depending upon the nature of the chemicals, mixtures and storage 
conditions, the reactants may react forming toxic or even explosive mixture. 
- Appropriate PPE must be worn 
- In case of spillage, contain the area carefully with inert material such as 
Sand. The spillage could be of toxic substance, in that case, approach 
carefully with extreme caution equipped with necessary PPE. Make sure that 
the environment is free of hazardous substances afterwards.  
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Pre-Processing of hazardous BFR 
plastic waste 

- Heterogeneous waste  
- unknown Br-content or 
other additives 
- Risk of processing 
material with limited 
background information. 
- Cuts, dust or bio risk 
formation during pre-
processing (cutting, 
shredding, milling etc.). 
- Risk of particulate 
release (e.g. hazardous 
dust) 
 
 

- Exposure of the 
working personnel to 
particles or gaseous 
volatiles released. 
- Absorption of 
chemicals through 
skin, eyes or 
respiration. 
 

- Possible respiratory 
- skin and/or eye irritation 
or other symptoms. 

- Collection of adequate pre-information from the supplier (e.g. recycler). 
- Laboratory analysis of the waste composition and volatilization at high 
temperature (XRF, DSC, TGA, GC/MS etc.).  
- Investigation of suitable processing parameters in small scale first 
- Personnel use adequate PPE (gloves, mask, eye cover, etc.) for samples 
manipulation and feeding the machines 
- Ensure good ventilation/suction (e.g. fume cupboard, local gas exhaust)  

During processing operation 
 Possible hazardous or 

toxic volatiles are 
released during the 
manipulation of pyrolysis 
products for their 
further analysis. 

Exposure of the 
working personnel to 
the gaseous 
volatiles, oil or char 
particulates 
released. 

- Possible respiratory 
- skin and/or eye irritation 
or other symptoms. 

- Pyrolysis oil is safely manipulated in fume cupboard with PPE (special 
vapour mask used) for its further analysis (elemental analysis, AOD-IC, GC-
MS, etc). 
- Solid products (char and spent catalysts) are manipulated in a similar way as 
raw plastic wastes for their further characterisation (TGA, elemental analysis, 
AOD-IC). 

 Leakges from the reactor 
(pyrolysis)  
 
 
 
 
 
 
 
 

Leakages could be 
caused by loose 
joints or as a result 
of corrosion and/or 
breaking 

- Possible respiratory 
- skin and/or eye irritation 
or other symptoms. 

- The gas detectors will indicate and notify level of gas detection, In case of 
toxic gas leakages (such as CO, HCN) Stop feeding and follow evacuation 
procedure. 
- Use of respiratory assisted gas masks filter type to check beforehand. 
- The use of the right PPE according to the possible chemicals present or 
formed is necessary. 
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 Hot solvent leakage from 
the boiler 

- Exposure of the 
working personnel to 
hot solvents 
- Leakages could be 
caused by loose 
joints  

- Burns on the skin 
- skin and/or eye irritation 

- Before each trial it should be ensured that each joints has been securely 
screwed down.  
- The use of the right PPE is necessary. Ensuring safe footwear and heat-
resistant PPE.  

  High temperature - Uncontrolled 
temperature rise can 
increase the 
pressure in the 
system, increase the 
formation of 
unwanted chemicals 
(liquids or gases) or 
melt the parts that 
are not designed to 
withstand high 
temperatures. 
- Exposure of the 
working personnel to 
the heat 

- Following a temperature 
increase, leakages, spills or 
uncontrolled exothermic 
reactions can happen that 
will lead to the human 
exposure to heat, 
chemicals and fumes and 
can cause possible 
respiratory, skin and/or 
eye irritation. Longer 
exposures can also faint 
and lead to fatality. 
- Hot machine parts can 
cause burn to employees. 

- Monitor the gas flow from the machines; in case there is no flow, it is an 
indication that the pipe is blocked.  
- Good sealing of the machines with heat-insulating material 
- Use of right PPE is necessary 
 

  High pressure - High pressure in 
the reactor can 
cause leakages 

- In case of leakages, 
human exposure to heat, 
chemicals or toxic gases is 
possible resulting in 
injuries. 

- High pressure could be caused by blockages in lines. Monitor the pressure 
regular, If it rises above a certain determined threshold. Stop the feeding and 
release the pressure carefully. Leakage test should be done prior to the run. 
- Ensuring that the pressure is carefully controlled and always monitored 
- Only trained personnel should work in such areas. 
- Use of right PPE is necessary 
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  Electric short circuiting - Electric short-
circuiting can be 
caused by the loose 
or broken bare wires 
or cables in the 
reactor assembly.  
- Especially 
Electrostatic 
precipitator should 
be carefully 
handeled. 

- In case of electric short 
circuiting the reactor body 
can get the electric current 
which could cause injuries 
to the operator if the 
operator gets in contact 
with the assembly without 
proper insulation. 

- Monitor the ESP (Electronic stability control) voltage and in case of short 
circuiting, the values fluctuate. Turn down the ESP in that case. Ensure the 
wire is not touching the surface of the condenser. 
- Use of the right PPE is necessary (e.g. Safety shoes) 

  Formation of dioxins, 
toxic fumes 

- Pyrolysis or 
extrusion processing 
of flame retarded 
plastics can result in 
the formation of 
dioxins or other 
hazardous (gaseous) 
compounds at 
elevated 
temperatures 

- If the operator does not 
have a proper PPE during 
the cleaning and product 
collection operation, it can 
cause possible respiratory, 
skin and/or eye irritation. 
Longer exposures can be 
fatal. 

- Limit the processing temperature during extrusion to a range where 
significant formation of hazardous gases is reduced or eliminated. If needed, 
investigate the suitable processing parameters using small-scale batches or 
via laboratory analyses (TG/MS). 
- A suitable fume cupboard, local fume exhaust, gas filtration and good 
ventilation of the facility must be implemented. 
- Use of PPE is necessary. In order to protect yourself from the harmful 
volatiles, always wear an adequate breathing assisted mask and personal gas 
detectors. 
- Ensure that people in the surrounding are aware of and are ready to 
evacuate if needed.  

 Risk of a potentially 
explosive atmosphere 

- Explosive 
atmospheres can be 
caused by flammable 
gases or dust that 
accumulate in the 
air. 

- In case of explosion this 
can have serious 
consequences for the 
employee. Longer 
exposures can be fatal. 

- Make sure that only trained personnel work in ATEX (Atmosphere 
Explosible) rooms.  
- The protective equipment (PPE) of each employee must be specially 
adapted for ATEX rooms.  
- Monitor the air circulation/gas circulation, installation of early warning 
systems (e.g. warning lights/noise) 
- Ensuring that no sparks or dangerous situations can occur. Use of EX 
devices only. 

 

 


