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Annex A: Manufacture and use  

The restriction dossier focusses on granules and mulches used as infill material in 

synthetic turf pitches and in loose form on playgrounds and in sport applications. 

Granules and mulches can be produced from a variation of virgin and recycled materials, 

however, majority of granules in the EU are produced from End -Of-Life Tyre (ELT). The 

use of recycled (ELT) material that contains polycyclic aromatic hydrocarbons (PAHs) as 

synthetic turf infill and in loose form in sport and play applications is the reaso n to start 

this restriction proposal. Two product life -cycles are important for this dossier: the tyre 

life -cycle and the life -cycle of synthetic turfs, granules and mulches used as infill and in 

other sport and play applications. Both are connected as ELT  granules and mulches are 

mixtures formulated from ELT and placed on the EU market for such uses. Annex A  on 

manufacture and use is structured into three sections:  

1.  Description of the life -cycle of tyres  

2.  Description on the lifecycle of artificial turf, infill and mulches  

3.  Description of existing regulation that is already in place that is relevant for the 

above two product life -cycles  

 

Note that the eight polycyclic aromatic hydrocarbons (REACH -8 PAHs) within the scope of 

this Restriction Dossier have not  been registered under the REACH Regulation but they 

may be present as impurities in other registered substances or in mixtures, as is the case 

for ELT granules and mulches. Since PAHs in general are impurities or by -products, they 

are not specifically pla ced on the market and used. Therefore, information from REACH 

registrations and from other sources on the óuseô of PAHs in granules and mulches was 

absent. For this reason, the Dossier Submitter focussed on obtaining information on 

marketing and use of tyr es, ELT and ELT -derived and other granules and mulches and on 

the PAHs contained in these materials.  

A.1. Tyres: production, import and export and end - of - life  

A.1.1. Tyre production and PAHs  

A.1.1.1. Tyre production  

In the EU, tyre production in 2016 by Eu ropean Tyre Rubber Manufacturers Association 

(ETRMA) members was estimated to account for over 25 % of the world tyre production, 

i.e. 4.94 million tonnes. Global tyre manufacturing output is estimated to be about 17 

million tonnes in 2016 (Smithers Rapra Market Report, 2017 1). ETRMA members 

manufacture  all tyres that are produced within the EU.  According to one producer of 

tyres, there may be more than 30 000 types of tyres placed on the market in their 

country of which 700 are produced by this company. T his includes tyres for a variation in 

vehicles and a various of types of tyres per vehicle that e.g. differ in technical 

performance characteristics. Each of the producers has their own blend of chemicals to 

be used in the production of tyres. However, 75 % of the tyre consists of a substructure, 

which is more or less the same in each tyre. The specifics come in the 25 % tread of the  

tyre that will touch the road.  

                                           

1 http://www.scraptirenews.com/crumb.php   

http://www.scraptirenews.com/crumb.php
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A.1.1.2 . Composition of tyres  

The European Tyre and Rubber Manufacturers Association (ETRMA  2016 , replies to 

questions posed by ECHA ) provided information on the substances in tyres. Many of the 

substances used in the production of tyres react during the vulcanisation process, 

creating a three -dimensional network (órubber matrixô) in which those chemicals are 

bound.  

Passenger car tyres and truck tyres represent the majority of tyres sold on the EU 

market. Table A 1 provides their respective average composition (pre -vulcanisation).  

Table A 1 : Main components of new passenger car and truck tyres (a verage 

composition)  

Material  Car  Trucks  Reacting during 

vulcanisation?  

Rubber/elastomers  43 %  42 %  YES 

Carbon black (reinforcement, pigment and 
filler) and silica (reinforcement, filler)  

28 %  24 %  YES 

Metal (reinforcement)  13 %  25 %  NO 

Textile (lining)  5 %  -  NO 

Zinc oxide  (vulcanisation enhancer)  2 %  2 %  YES 

Sulphur (vulcanising agent)  1 %  1 %  YES 

Accelerators/anti -degradants  2.5 %  2.2 %  YES/NO  

Stearic acid  1 %  0.7 %  YES 

Oils  7 %  1.6 %  NO 

Source: ETRMA, 2016  

According to one tyre producer in Austria, over 200 ingredients go into a tyre. 

Substances used in tyr 0e manufacturing can generally be categorised in different groups:  

- Reactive substances, which are involved in chemical reactions that transform these 

substances:  

o Substances tha t react during the manufacturing process, by the creation of 

links with polymers and/or fillers:  

Á Peptisers (promote the reduction of polymer molecular weight, thus 

increasing the efficiency of rubber mastication).  

Á Bonding agents;  

Á Vulcanisation agents and accelerators;  

Á Cobalt salts;  

Á Some types of tackifiers (chemicals acting as an adhesive between two 

surfaces that are required to stick together)  

o Substances that react during the service life:  

Á Antioxidants, which react with ozone or ambient oxygen during the  

service life of tyre and are present at the end -of - life in concentrations 

lower than the initial concentration.  

- Non - reactive substances, like plasticisers (according to ETRMA, no phthalates are 

used in the manufacturer of tyres).  
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Some of the above listed  chemicals are associated with transformation products:  

- Vulcanisation agents (example: benzothiazole compounds, cyclohexylamine, di 

cyclohexylamine);  

- Anti -aging agents and antidegradants (example: aniline, phenylenediamine 

compounds).  

 

Styrene butadiene ru bber (SBR) has partially replaced the natural rubber in the 

production of tyres in the EU and in the US, however natural rubber is widely used in 

Asian countries in the production of tyres. The change to SBR was due to the lack of 

natural rubber on the mar ket. According to one producer of tyres in Finland, 

approximately half of the rubber used in the production of tyres is natural rubber. It is 

estimated that a typical new tyre may contain up to 30 kinds of synthetic rubber and 

eight kinds of natural rubber .  

A.1.1. 3 . Extender oil and carbon black  

Extender oil and carbon black used in tyre production PAHs generally contain PAHs as an 

impurity and these are the main sources of PAHs in tyres. PAHs however, may also come 

from degradation of other materials pres ent in tyres. From 2010 the PAHs content in the 

extender oil (and in imported tyres) has been decreased due to restriction entry 50 of 

Annex XVII of REACH ( see A.3.2. ).  

According to ETRMA (2016, replies to questions posed by ECHA) the major tyre 

producers  have applied the restriction entry 50 of Annex XVII to REACH as regards PAHs 

in extender oils on a global level. However, there may be differences in the composition 

of tyres produced in the EU versus tyres produced outside the EU as it is not known if 

sm aller producers outside the EU are following the restriction and whether there may be 

variations in other substances used in the production of tyres e.g. as different continents 

set different requirements to tyres. As far as imports are concerned, it may b e difficult to 

check what types of oils have been used in the production of tyres, using the ISO 

21461:2006 method 2. Depaolini et al.,  2017 indicate that tyres from outside the EU have 

somewhat higher PAH content compared to EU produced tyres.  

The differe nces may be also due to type of carbon black used in the production of tyres. 

In the current tyre production process, carbon black used as filler for reinforcement of 

the vulcanised material and it also has a function to colour the tyres. Carbon black 

cont ent percentages in the tyre typically will vary between 24 and 28  % in truck and car 

tyres respectively (See  Table A 1). According to the International Carbon Black 

Association (2017, comments via the call for evidence in 2017) industrially manufactured 

carbon black is produced by pyrolysis of hydrocarbons at high temperatures under 

controlled process conditions. This res ults in the formation of unavoidable trace levels of 

organic impurities, such as PAHs. The International Carbon Black Association stated that 

in laboratory analyses with heavy extraction conditions (strong organic solvent, elevated 

                                           

2 1H-NMR bay -proton analysis is a relatively complex technique (both expensive and requiring high skills) and 

furthermore is a destructive test.  
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temperature for many hou rs), most carbon black products will typically have extractable 

PAH levels (REACH -8 PAHs) not exceeding 0.1 %.  

Since early 1990s, a development started in the EU to design car tyres that have lower 

rolling resistance to reduce energy use of cars. To achie ve this, the tread of EU tyres 

currently are reinforced with silica, replacing part of the carbon blac k used (personal 

communication  Professor Noordermeer 3). In the tread carbon black percentages 

therefore are typically reduced to between 2 -5 % weight to  weight (personal 

communication  tyre sector). The silica - reinforced tyres contain about 1.5 times more oil 

than the carbon black - reinforced ones (personal communication Professor Noordermeer). 

As both extender oils and carbon black may contain PAHs, it is no t clear whether this 

development affects the overall PAH content in tyres on the European market. Most non -

EU producers have adopted this silica reinforcement technology, at least for the EU 

market.  

Little information is available to the Dossier Submitter on PAH concentrations in extender 

oils currently used in tyre manufacture for the EU market. According to Professor 

Noordermeer (personal communication) the discussion in the EU on PAHs in extender o ils 

started in the early 1990s. The PAH issue was flagged as a concern for the environment 

and resulted in proposals for EU -wide measures for tyre oils early 2000 and legislation by 

January 2010. According to an opinion by CSTEE (2003) on the abrasion of t yre treads 

and release of PAHs to the environment it was scientifically justified to conclude that 

PAHs are emitted to the environment as a result of the abrasion of tyre tread. CSTEE in 

its opinion refers to studies published by the Swedish KEMI, the Germ an UBA and the 

European Association of the Rubber Industry (BLIC) reporting tyre treads to contain up to 

28% extender oils and 17 -357 mg/kg (average 137) total PAHs in the tyre material. 

B(a)P levels were reported between 1 and 16 mg/kg with an average of 5 mg/kg. BLIC 

reported total PAH concentrations in the range of 300 -700 mg/kg and estimated total 

PAH concentrations between 13 and 112 mg/kg in ELT particles due to the oils. Other 

sources referred to in the CSTEE opinion show ranges of 1 -230 mg/kg, 30 -36 0 mg/kg 

and a single reported value of 226 mg/kg in tyre material. No information is provided in 

the report on the definition and chemical identification of the total PAHs concentration 

figures. The group may have been much larger than REACH -8 PAHs. CSTEE in its 

conclusions refers to both the 1998 IPCS evaluation of 33 PAHs and a 1998 RIVM 

evaluation of 17 PAHs of which only four were found not to be human carcinogens. These 

figures provide some indication of much higher PAH levels in oils and tyres on the E U 

market almost ten years prior to entry into force of the EU extender oil restriction in 

2010. The extender oil restriction now limits the REACH -8 PAH levels at 10 mg/kg and 

BaP at 1 mg/kg in the oils.  

                                           

3 Jacques W.M. Noordermeer, em. Professor of Elastomer Technology and Engineering (University of Twente, 

the Net herlands).  
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A.1.2. Import of tyres and rubber  

Regarding the impor ts of tyres, in the last decade imports from China are dominating the 

market, especially in the passenger and truck tyres segments (ETRMA Statistics Report 

2017 4). In fact, there has been a massive increase of imports in absolute terms and in 

terms of mark et share in the period between 2013 and 2016. The main driver for the 

increased import of tyres from China has been price. The low -priced imports have had a 

considerable detrimental effect on the European Union industry. The European 

Commission, in respons e to the alleged dumping of tyres from China and the ensuing 

price distortions, started implementing regulation (EU) 2018/163 5, thereby making 

imports of new and retreated commercial vehicle tyres originating from  China subject to 

registration. Imports of  moto/scooter tyres and agricultural tyres into the EU, on the 

other hand, are dominated by the ASEAN countries and India respectively. More details 

on imports are available in ECHAôs report (2017), Annex V.  

Depaolini et al. (2017) analysed ELT and select ed waste tyres (in Italy) based on origin 

and age. This study reported that 70 % of the ELT were manufactured by European 

factories, 20 % were of Far East origin (most from China, Japan and Korea), 4 % from 

Turkey and 4 % from other parts of the world (lik e the U.S. and Africa). Classification by 

age showed that less than 15 % were more than seven years old, with the oldest being 

20 -25 years.   

Besides tyres, it is known that other rubber goods (besides tyres) are imported from 

outsite the EU. According to E TRMA (2016 , as reported in  ECHA 2017 ), imported tyre -

related rubber goods (including those in the form of granules) are mainly declared under 

the HS code 4004.04 and under this code approximately 35  000 tonnes have been 

imported into the EU per year, over the last three years. The Dossier Submitter has no 

other sources of information underpinning or further elaborating import into the EU of 

rubber granules. Furthermore, no information is available on the quality of this material 

and whether quality may be r elated to the country of origin.  

Parts of this rubber material, may also enter the EU having the status of waste 6. No EU 

harmonised End -Of-Waste criteria are available for these waste streams.  Imports of 

rubber  waste  material for HS codes 4003.00, 4004.00, 4012.20 in the EU 31 (including 

Norway, Liechtenstein and Iceland) are reported. The following categories are covered by 

these codes:  

¶ 4003.00: reclaimed rubber, in primary forms or in plates, sheets or strips;  

¶ 4004. 00: waste, parings and scraps of rubber (other than hard rubber) and 

powders and granules obtained from them;  

¶ 4012.20: used pneumatic tyres.  

                                           

4 http://www.etrma.org/uploads/documents/20180329%20%20Statistics%20booklet%202017%20 -

%20alternative%20rubber%20section%20FINAL%20web.pdf  
5 http://eur - lex.euro pa.eu/legal -content/EN/TXT/?uri=OJ:L:2018:030:FULL   
6 The correlation table (under Commission Implementing Regulation (EU) 2016/1245 setting out a preliminary 

correlation table between customs and waste codes) does not imply that the listed goods are waste. It only gives 

an indication that these may be waste . 

http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=OJ:L:2018:030:FULL
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The imports of rubber material for HS codes 4003.00, 4004.00, 4012.20, in the EU -28 

and EEA (Norway, Liechtenstein and Iceland) from non -EU countries are shown in Table A 

2 for a 10 -year period (2006 -2015).  

Table A 2 :  Total imports of waste rubber material into the EU -28 and EEA in 2006 -2015  

Product HS 

code  

Explanation  Total imports 2006 - 2015  

(tonnes)  

4003.00  Reclaimed rubber, in primary 

forms or in plates, sheets or strips  202 985  

4004.00  Waste, parings and scraps of 

rubber (and powders and granules 

obtained from them)  509 923  

4012.20  Used pneumatic tyres  383 703  

Source: Eurostat public trade database 

Additional specific information on the imports of used pneumatic tyres under TARIC 

4012200090 is provided in the confidential Annex H. TARIC 4012200090 7 includes all 

types of imported used pneumatic tyres, other than those used on civil aircraft (i.e. 

TARI C 4012200010). Constraints in the dissemination of statistics on imports under 

TARIC codes is laid down by the EU legislation 8.  

 

Used pneumatic tyres have also been docum ented to be imported in the EU.  Given the 

lack of information on the origin of these u sed tyres, it is difficult to ascertain whether 

they meet the same quality standards as tyres placed on the market and used in the EU . 

Based on the information presented in this section the Dossier Submitter cannot conclude 

on annual volumes of imported (and exported )  used tyr es, rubber granules or mulches to  

and from the EU.  

 

A.1.3. End - of - life of tyres  

A.1.3.1. Recycling options including infill  

The volume of both used tyre arisings 9 and ELT derived material used in the EU has been 

growing steadily over the past decades. Treatment routes for used tyres in the EU consist 

                                           

7 Under Commission Implementing Regulation (EU) 2016/1245, setting out a preliminary correlation table 

between customs and waste codes, the import of used tyres (TARIC 4012200090) alerts customs officials that 

this material may be waste.   
8 Statistics on trade in goods with non -EU countries are collected and compiled on the basis of Regulation (EC) 

No 471/2009 of the European Parliament and of the Council. According to Article 10 "Dissemination of external 

trade statistics", paragraph 2: "Wit hout prejudice to data dissemination at national level, detailed statistics by 

the TARIC subheading and preferences shall not be disseminated by the Commission (Eurostat) if their 

disclosure would undermine the protection of the public interest as regards the commercial and agricultural 

policies of the Community.   
9 The quantity of Used Tyres arising in a specific geographic market available for collection and subsequent 

recovery.  
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of energy recovery, material recovery, retreating, reuse and export, and landfill 

disposal 10 11  (see Figure A 1). Figure A 2 further specifies the various uses of ELT material 

and shows that 14 % of ELT is used in synthetic turf.  

 

In 2013, there were about 625 000 tonnes of rubber granules formulated in the 28 EU 

countries and Norway (ETRMA 2015 , as reported in ECHA 2017 ). The yearly output 

capacity of the European rubber granule formulators is about 1 million tonnes. Granules 

may have various sizes and can be used for various of the uses presented in Figure A 2.  

Most of the formulated rubber granules derived from ELT are consum ed in the European 

Union in a wide array of applications, including sport surfaces, childrenôs playgrounds, 

moulded objects and road applications. Granules used as infill in synthetic turf pitches 

generally have the size of approximately 3 mm or less. Mulc hes are larger in size 

(approximately 4 -40 mm) and are e.g. used in loose applications in playgrounds. Note 

that besides mulches, ELT is also used on playgrounds e.g. as tiles or in -situ flooring. 

Various estimates are available on the quantity of granules  used in the application of 

synthetic turf. According to the ETRMA, about 80 000 to 130 000 tonnes of rubber 

granules derived from ELT are used annually as infill for synthetic turf pitches in the EU. 

VACO ï the Netherlandsô Professional Association of Tyre and Wheel Manufacturers ï 

estimates the volume to be as high as 200  000 tonnes (VACO , 2015 , as  reported  in ECHA 

2017 ). Another source reports an estimated EU annual tonnage for ELT derived materials 

used on all types of pitches that is substantially high er than 200 000 tonnes (EU 

association 2018, figures claimed confidential).  

 

Based on the information from EU industry (i.e. 950  000 tonnes of rubber granules 

formulated in the EU of which up to 200  000 tonnes are used as infill material), the 

percentage share of infill material in the overall EU ELT market is about 21 %. Besides 

the use as infill, ELT may also be used as a shock absorbance system 12  below synthetic 

turf. It is said that in the EU around 30 % of ELT derived rubber is used on synthetic turf 

pitches in total (infill and shock absorbance systems to the synthetic turf pitches) 

(ETRMA 2016 , as reported in ECHA 2017 ). Shock absorbance systems may thus use 

around 9% of the ELT derived rubber (i.e. 85  500 tonnes) in the EU. According to ETRMA 

(2018, replies to the questions by ECHA/RIVM), mulch in playground as low impact 

surface area is used in France, Germany and the UK. Partly this mulch is used in loose 

applications, partly mulch or granules are bound together (e.g. by using a resin binder) 

to cre ate a solid surface. Mulch according to ETRMA is primarily derived from truck tyre 

treads that are recovered in the process of truck tyre re - treading.  It is estimated that 

around 8 000 tonnes of mulch is used per year in the UK.  

 

Intra -EU trade of rubber granules usually occurs from Central and Southern European 

states, where the granulation sites are most present, towards the Northern and Western 

                                           

10  Under the European Landfill Directive (2006) tyres are prohibited from bei ng placed into landfill.  
11  Note that pyrolysis of tyres to derive carbon black and fuel also occurs in the EU and there are developments 

to devulcanize tyre material for recycling purposes (personal communication recycling sector) . It is not know to 

the Do ssier Submitter on what scale these processes currently take place.  

12  This may be loose ELT in the substructure below the pitches or a so -called e - layer (solid layer). Note that 

also shockpads can be used below (specific types of synthetic turf). These ar e said to be made of a foam 

instead of ELT/rubber (personal communication synthetic turf sector).   
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Europe (with some exceptions e.g. Germany and Netherlands applied), where demand 

for infill material is not al ways met by locally formulated products.   

 

 

Figure A 1 : EU treatment Routes for used tyres (1996 ï 2015)  

Source: ETRMA 

 

 

Figure A 2 :  ELT recovery routes  (2016)  

Source: ETRMA (2018). It is noted that there seems to be some inconsiency between figures A1 and A2. A possible 
explanation could be that figure A1 includes the total weight of tyres (including metal and textile) while figure A2 only 
covers the rubber fraction. It is however not clear from the sources whether this indeed is the case. Furthermore, it is noted 
that shares of energy recovery vary over the years. 
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A.1.3.2. EPR Schemes  

 

In the EU, landfilling of end -of - life tyres (ELTs) has been prohibited since 2006 following 

the European Directive 1999/31/EC. The Directive stipulates the ópolluter paysô principle 

and calls for Member State s to take measures against accepting used tyres, with certain 

exceptions 13 , in a landfill. In 2016 there were 15 ELT management organizations set up 

at the initiative of tyre manufacturers working throughout Europe under the Producer 

Responsibility Principle and 21 countries with an extended producer responsibility (EPR) 

regulation for tyres representing about 66 % of European used tyres arisings (S ee also 

Figure A 5) 14 . In 2018, there are already 23 countries operating under an EPR system 

representing about 65 % of total EU arisings.  

Under the EPR, ELTs have to be managed by their manufacturers and importers. 

According to ETRMA 15 , where implemented, t he EPR is followed through in various ways 

from a single ELT management company dealing with all ELT collection and treatment in 

a country (such as in Portugal, the Netherlands and Sweden), through multiple ELT 

management companies or consortia (such as in  Italy, France and Spain) or through 

individual producer responsibility (in Hungary). Free market 16  systems operate in Austria, 

Switzerland, Germany and the UK. In Textbox A 1 below, the three  different ELT 

management schemes are further explained.  

Textbox A 1 : ELT management schemes, 3 different systems within the EU: Extender Producer 
Responsibility, liberal system and Government responsibility through a tax.  

1 Scheme -  Extended Producer Responsibility  

Used in Belgium, Bulgaria, Slovakia, Czech Republic, Estonia, Finland, France, Greece, 
Hungary, Italy, the Netherlands, Norway, Poland, Portugal, Romania, Slovenia, Spain, and 
Sweden.  

Under this scheme the producer is held responsible for the waste generated by the 
consumer. These producers are required by l aw to collect and organise the treatment of an 

equivalent amount of the volumes of tyres sold in the same year or the year before. The 
process is financed through an environmental contribution charged upfront by ELT 
companies to their affiliated tyre manuf acturers and importers on tyre sales. The fee is 
passed on by producers and distributors throughout the value chain to the end user. 
Usually, the fee is added to the purchase price of the new tyre which the consumer pays 
eventually.   

Exact fees are determ ined nationally according to the tyre size and type and hence vary 

greatly. Some examples for passenger car types are given below:  
¶ Finland å 1.75 ú/tyre 
¶ Sweden å 1.85 ú/tyre 

                                           

13  Excluding tyres used as engineering material, and shredded used tyres five years from the date laid down in 

Article 18(1) (excluding in both instances bic ycle tyres and tyres with an outside diameter above 1 400 mm).  
14  Materials forming the secondary or waste product of industrial operations.  
15  End of Life Tyre Report 2015, ETRMA: http://www.etrma.org/uploads/Modules/Documentsmanager/elt -

report -v9a --- final.pdf   
16  Under the Extended Producer Responsibility, tyres manufacturers and importers  have to organise the 

management of ELTs. Under the Free market system, the national legislation sets the objectives to be met but 

does not designate those responsible. In this way, all the operators in the recovery chain contract under free 

market conditi ons and act in compliance with the legislation.  

http://www.etrma.org/uploads/Modules/Documentsmanager/elt-report-v9a---final.pdf
http://www.etrma.org/uploads/Modules/Documentsmanager/elt-report-v9a---final.pdf
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¶ Norway å 1.65 ú/tyre + (24ï25 % of VAT added)  

¶ Portugal å 1.20 ú/tyre 
¶ France å 1.35 ú/tyre 
¶ The Netherlands å 1.30  ú/tyre17  

On average the fee fluctuates from 1.2 to 2 ú depending on the Member State .  

2 Scheme -  Liberal system (Free market)  

Used in Austria, Croatia, Germany, Ireland, Switzerland.  

Under this model, the legislation sets the  objectives but does not designate those 
responsible for carrying out these objectives. Therefore, all the operators in the recovery 
chain contract under free market conditions and act in compliance with the legislation.  

Fees are determined nationally acc ording to the tyre size and type and general market 

conditions in the given Member State .   

¶ Ireland: The standardised fee is ú2.80 for a car tyre and ú1.50 for motorcycle 
tyres (excluding VAT).  

¶ Switzerland:  
o å CHF 2.50 to CHF 3.50 (2.15 EUR to 3.2 EUR) for passenger car tyres  
o å CHF 5.00 to CHF 7.50 (4.6 EUR to 6.9 EUR) for van and SUV tyres 

¶ Germany: å 2.60-  3.00 EUR/tyre  

 

3 Scheme -  Government responsibility through a tax  

Used in Denmark and Slovak Republic.  

Under the tax system, authorities are responsible for the management of ELTs. It is 
financed by a tax levied on tyre producers and subsequently passed on to the consumer.  

System explained on the example of the Danish model:  

Denmark 18-  Tyre producers and importers pay a levy to the Danish Customs and Tax 

Administration (Skat). The levy varies between 10  ï 22 5 DKK ( Ḑ 1.34 ï 30.20  EUR) per 

tyre depending on the type/size. The levies are transferred from Skat to the Environmental 
Protection Agency (EPA). EPA -approved tyre collectors collect scrap tyres at car dealers, 
workshops, garages etc. Tyres suitable for retreating are delivered to retreating 
companies.  Scrap tyres are delivered to EPA -approved recycling plants for granulation or 
pyrolysis. A subsidy is  paid to the tyre collector by the Danish Tyretrade Environmental 
Foundation on behalf of EPA for tyres delivered to recycling plants.  

¶ Subsidy per kg:  
o Max. 1.55 DKK ( Ḑ 0.21 EUR) for tyres with rim diameter < 24 inches.  

o Max. 2.10 DKK ( Ḑ 0.28 EUR) for tyres with rim diameter Ó 24 inches. 

 

Overall, what emerges from the available information is that the ELT management 
schemes can differ significantly in different European countries and each country may face 
quite unique situations varying from historical stockpiling to extra quantity of ELT 
stemming from irregular sales/imports, as described in ECHAôs report (2017), Annex V. 

 

                                           

17  https://zoek.officielebekendmakingen.nl/stcrt -2015 -18635.html  
18  http://www.daekbranchens -miljoefond.dk/english  
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Figure A 3 :  Country specific implementation and ELT granulation companies   

Source: ETRMA 
 

A.2.  Artificial turf, granules and mulch: formulation ,  

import and export, use and end - of - life  

A.2.1. Formulation of granules  and mulches  from ELT  

Rubber crumb is the name generally used by the industry for any material derived by 

reducing scrap tyres or other rubber into uniform granules wi th the inherent reinforcing 

materials such as steel and fibre removed along with any other type of inert 

contaminants such as dust, glass, or rock 19 . Scrap tyre rubber comes from different types 

of tyres (ETRMA  2016 , as reported in ECHA 2017 ):  

¶ passenger ca r tyres (including e.g. trailers, caravans), which represent about 70 

% of the total weight of EU -28 scrap tyres;  

¶ truck and bus tyres, which constitute about 20% of the total weight of EU -28 

scrap tyres;  

¶ other tyres (e.g. used on off - the - road vehicles su ch as agricultural tyres (tractors 

etc.)), which account for less than 10 % of the total weight of EU -28 scrap tyres.  

In this dossier more often the term ELT is used to refer to the recycled rubber material 

after service life of tyres.  

 

                                           

19  http://www.scraptirenews.com/crumb.php   

http://www.scraptirenews.com/crumb.php
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A.2.1.1. Formulating companies  

It has been estimated that there are over 110 formulators of rubber granules derived 

from ELT material located in the European Union, a large majority of whom formulate 

infill material. Some key industrial players estimate the number to be closer to 140. 

Italy, Spain, France, Germany, and UK have the highest number of recycled rubber 

granule formulators and the largest annual output of rubber granules (see Figure A 3 ). 

The majority of granulation sites are located in the Southern Europ e whereas the 

Western Europe, Central and Eastern Europe and Northern Europe smaller number of 

formulators (See Figure A 4). There are over 49 formulators of rubber granules located  

throughout Southern Europe, with grinding/granulation sites, concentrated around the 

areas of Spain, Portugal, and Italy. The largest scrap tyre recycler in Europe operates 

four large plants (one in Denmark, three in Germany). This company has by far the 

largest tyre recycling capacity in the European Union, with a production of  up to 280 000 

tonnes of rubber granules and powder annually. The company has about 30 % of market 

share on the EU infill material market. In addition, in Sweden, Germany, UK, Poland, 

Italy, the Netherlands, Greece and Portugal there are some of the larges t ELT -derived 

infill material formulators in the EU. Their total market share exceeds 45 % of the total 

infill material market. The remaining market share, i.e. 25 % is held by over 100 

formulators (ELT -derived infill material and other infill material), a ll of which are 

scattered throughout Europe. There are dozens of European ELT infill material 

formulators whose annual output is below 10 000 tonnes.  Figure A 5 gives an impression 

of quantities of ELT produced in the largest ELT granule producing countrie s in the EU in 

the period 2010 -2013.  

 

A.2.1.2. Selection process  

Before tyres are grinded into mulches, granules or powders, tyres may be selected. As an 

example, in the Netherlands, all tyres are said to be manually inspected on the basis of 

criterion whe ther they are collected in the Dutch market or not. First step is that reusable 

tyres are sorted out for shipment outside the EU (i.e. to African region) for second hand 

use of tyres. Second step is that the older tyres (before 2010) are deselected for 

man ufacture of their consumer products because of the expected high(er) PAHs 

concentrations prior to the extender oil restriction. All deselected tyres may be used for 

industrial product range manufacture purposes. No Off - the -Road truck tyres and no other 

rub ber materials are said to be used as feedstock for granules.  

Another tyre recycling company reported to separate truck tyres from car tyres. Firstly 

because truck tyres unlike car tyres are nowadays still selected for retreating. A truck 

tyre may be retreated up to five times before the article reaches the end of its service 

life. Car tyres are not retreated anymore for economic reasons. Import of cheaper tyres 

manufactured outside the EU has reduced the profit margins on new tyres and because 

of the low prices of imported tyres, retreating has lost economic attracti veness.  
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A.2.1.3. Formulation processes  

There are several processes for formulating ELT derived infill material 20  21 . The most 

common process is ambient grinding, whereas cryogenic processing seems to be slowly 

gaining a foothold.  

Ambient process  

Ambient grinding can be accomplished in two ways: using granulators or cracker mills. In 

an ambient system, the rubber, tyres  or other feedstock remain at room temperature as 

they enter the cracker mill or the granulator.  

Ambient grinding is a multi - step processing technology that uses a series of machines to 

grind and separate the rubber, metal and fabric components of the tyr e. In general, 

whether using granulation equipment or cracker mills, the original feedstock is first 

reduced into small chips. The chips are further ground to separate the rubber from the 

metal and fabric. Finally, a finishing mill will grind the material to the required product 

specification.  

After each processing step, the material is classified by sifting screens that return 

oversize pieces to the granulator or mill for further processing. Magnets are used 

throughout the processing stages to remove wire  and other ferrous metal contaminants. 

In the final stage, fabric is removed by air separators.  

Cryogenic process  

Cryogenic processing refers to the use of liquid nitrogen during the processing. Most 

rubber becomes embrittled or "glass - like" at temperature s below -80°C. The use of 

cryogenic temperatures can be applied at any stage of the size reduction of scrap tyres. 

Cryogenic grinding avoids heat degradation of the rubber and produces a high yield of 

product that is free of almost all fibre or steel, whic h is liberated during the process. The 

process results in granules with smoother surface compared to the granules from 

ambient process. For scrap tyre -derived rubber, the steel is separated out of the product 

by the use of magnets. The fibre is removed by aspiration and screening. According to 

one formulator the use of cryogenic method does not cause any friction or any 

degradation (of molecular weight, thermal, mechanical or devulcanisation) in the polymer 

chains.  

Different rubber granule market segments h ave different rubber granule size 

requirements. Within a specific rubber granule market, each application has its own 

requirements in terms of particle size and purity (the accepted level of maximum 

moisture content is about 1 % by weight). The size of the  infill material used in synthetic 

turfs is typically 0.25 ï 3.00 mm 22 . The shape of the infill material varies from 

rectangular to round. According to ETRMA (2018, replies to questions posed by 

                                           

20  http://www.scraptirenews.com/crumb.php   
21  Tyre buffings, a byproduct of tyre retreading, is not used to produce infill materials,  according to ETRA 

(2017).  
22  Recommendation by one company: 

http://www.synturf.org/images/GuidelineTencate_Infill_Systems_UV_dust.pdf   

http://www.scraptirenews.com/crumb.php
http://www.synturf.org/images/GuidelineTencate_Infill_Systems_UV_dust.pdf
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ECHA/RIVM), the size of mulch produced from tyre buffings from  retreating is 10 -  40 

mm long, whereas that from ELT is 4 ï 10 mm long.  

 

Figure A 4 : ELT -derived rubber granule formulators by region (EU28)  

 

 

Figure A 5 :  ELTs recovered for granulation (in tonnes)  

Source: ADEME report (2015) 

 

A.2.2. Import and export  of granules and mulches  

The knowledge on import of rubber granules that are used as infill material or as loose 

granules and mulch is scarce. In the ECHA report (2017) it is mentioned that samples of 

rubber granules as infill material from the Asian marke t were analysed 23 . ESTO (2016, 

replies to questions posed by ECHA) also considers that some infill material derived from 

                                           

23  Just one example. Total concentrations of REACH -8 PAHs were around 3 000 mg/kg; chrysene an d 

benzo(a)pyrene levels higher than the limit values in entry 28 of Annex XVII to REACH.  
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ELT may be imported from Turkey, Ukraine and Russia and that it may be used in some 

eastern EU Member State s, especially those adjacent to the three non -EU countries.  

However, imports of finished rubber granules as well as mulch from recycled tyres from 

outside of the European Union are assumed to be almost non -existent as verified by 

multiple industrial actors and further corroborated by the analysis of available trade  

information. This can be best explained with reference to the pricing of rubber granules 

within and outside the European Union market. Pricing of the various existing infill 

materials, including crumb rubber, is afforded special attention in Annex E.2. on  

alternatives. It is evident from the pricing analysis that it makes no financial sense to 

import rubber granules from outside the EU, provided that the local prices are very 

competitive for foreign exporters to compete against, especially, when factoring in 

transportation, customs and VAT costs. Though, it is generally economically unviable to 

import finished rubber granules into the EU from outside, the situation is cardinally 

different when it comes to alternative infills, most notably infills made of Th ermoplastic 

elastomer (TPE) and Ethylene Propylene Diene Rubber (EDPM). The two infill materials 

are imported into the EU due to the price asymmetries existing between the  EU and 

various non -EU markets.  

 

It has been suggested, with reference to the data co llected from four ELT recycling 

companies -  (Portugal, France, Italy and Spain) ï that export constituted about 16% of 

the total market outlets of the formulated ELT granules and powders in 2014. Some of 

the important export destinations were named America s, Middle East and Africa. Some 

sources suggest that about 100,000 tonnes of rubber granules are so ld outside of EU 

annually (VACO  2015 , as reported in ECHA 2017 ). However, the exact annual volume of 

rubber granules exported from EU to those markets is har d to estimate.  

A.2.3. Use of  artificial turf system s 

A.2.3.1. Generations of artificial turf and types of sports  

Synthetic turf pitches have been used since 1960s in the USA. Synthetic turf pitches  

were introduced in the EU in 1970. These new pitches  were initially only occasionally 

used for football, but after 1996 they were developed to better suit football 24 . Since then, 

in many countries part of the natural grass or sand pitches  have been replaced by 

synthetic turf pitches  for several reasons, e.g.  increasing the playing time per field and 

saving water consumption. ESTO (2018, replies to questions posed by ECHA and RIVM) 

estimates that synthetic turf pitches  represent less than 15 % of the entire sports market 

in EU, however the share varies across the Member State s.  Based on data from Finland 

75 % of the sporting occasions (Football) take place on artificial turf, but this is likely an 

overestimation for most other co untries across the EU ( Finnish Footb all Association 2017, 

as reported in ECHA, 2017 ).  The first generation of synthetic turf pitches makes use of a 

short pile (12 -15 mm) without any infill material  25 . Nowadays short pile turfs without 

infill material are used for sports such as hockey, cricket and lawn bowls. The second 

generation of syn thetic turf pitches were introduced in 1970s. The piles were longer (20 -

25 mm) and the pitches had sand infill to support the pile. The third generation of 

                                           

24  http://cn.tencate.com/amer/grass/Synthetic - turf -101/Request -a-Presentation/default.aspx   
25  ESTO website: http://www.theesto.com/synthetic - turf - faqs/   

http://cn.tencate.com/amer/grass/Synthetic-turf-101/Request-a-Presentation/default.aspx
http://www.theesto.com/synthetic-turf-faqs/
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synthetic turf pitches were introduced in the late 1990s. The pile lengths were even 

higher (50 ï 70  mm) and performance infill materials were used in addition to sand infill. 

These long pile synthetic turf pitches  can be with or without an elastic layer underneath.   

According to ESTO, football is by far the largest sportsô user of long pile synthetic turf 

pitches 26 . Examples of other sports using this type of surface are:  

- Rugby;  

- Gaelic sports;  

- Baseball;  

- Lacrosse; and  

- American football.  

 

In addition multi -purpose synthetic turfs have been developed. According to ESTO (2018, 

replies to questions posed by ECHA and RIVM) the sports that use the multi -purpose 

sport pitches  typically are tennis, mini tennis, netball, basketball, five -a-side foo tball and 

hockey. Other sports that may use this type of pitches  are uni -hockey, rugby union and 

rugby league, lawn bowls, cricket, tag rugby, rounders, athletics practice, tri -golf, roller 

hockey, volleyball and lacrosse. These pitches  may be used with or  without the infill 

material. Currently the estimate is that 50 % of these pitches use sand and 50 % 

performance infill, but the trend of using performance infill is growing (ESTO  2018 , 

replies to qu estions posed by ECHA and RIVM ). The type of performance infill used varies 

across the Member State s, e.g. in Germany most mini -pitches use virgin EPDM, whereas 

in France and the UK, the performance infill is mainly derived from recycled tyres.  

A.2.3.2. Description of the 3 rd  generation artificial turf system in cluding 
infill  

A.2.3.2.1. The artificial turf system  

As said, several different types of synthetic turfs are available, but the construction 

principle is usually the same. The turf is composed of plastic material, e.g. polyethene, 

polypropylene or nylon, which is attached to a plastic web of polypropylene or  polyester. 

According to one producer of synthetic turfs in the Netherlands, polyethene is the main 

material of which turf for sport pitches  is produced nowadays, as it is softer and kinder to 

the skin compared to other materials. Polypropylene is typicall y used for the production 

of other types of artificial turfs (for gardening/landscaping). Sand and performance infill 

material are used to fill the spaces between the artificial grass piles. The sand provides 

weight and holds the plastic web in place, whil e the performance infill material provides 

elasticity. There may also be antioxidants added to the grass made of plastic to improve 

weather resistance, UV stabilisers to protect against light degradation and also colourants 

to make the artificial grass gre en. During maintenance of the pitches , detergents as 

cleaners, conditioners and de - icing chemicals may be used.  

The quantity of infill used in a long pile synthetic turf surface will depend on the height of 

the pile (turf filament), performance required an d the type of infill used. The most 

commonly used pile height is 60 mm and this will typically have between 110 and 120 

                                           

26  See more information in Section 2.1.  
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tonnes of infill on a full size football field 27 . If the system incorporates a shockpad (or an 

elastic layer), the pile height may be low er (40 -50 mm) and the infill quantity could be as 

low as 40 tonnes. According to ETRMA, a smaller quantity of rubber per square metre is 

also used on smaller pitches  such as mini -pitches (ca. 10 kg/m 2).  

The shockpad underneath the turf may be produced fro m a foam, an elastic layer may be 

produced from ELT 28 , polyethene or other elastic material. According to one producer of 

artificial turf systems, this alternative system is especially used when alternative infill 

(non -ELT infill material) is used to limit the cost increase of the overall turf system, as 

the alternative infill is much more expensive compared to the ELT infill. This is further 

explained in Annex E.2.  on alternatives.  

The ground layer (sub -base or substructure) under the synthetic turf system  is 

constructed before the turf is installed. According to one infill material formulator in Italy 

(2017, comments via the call for evidence) the main function of the substructure is the 

creation of a durable, stable, flat surface on which the synthetic tu rf system is installed. 

The depth of the substructure depends on the turf system installed on it and the climate 

conditions at the location of installation. The same company states that an additional 

function of the substructure is to prevent leaching subs tances to reach the soil or 

grou ndwater below the installation. Figure A 6 illustrates these two types of artificial turf 

systems. 

                                           

27  FIFA (2015/2016): International matches: Length: minimum 100 m, m aximum 110 m and width: minimum 

64 m, maximum 75 m  

(https://www.fifa.com/mm/Document/FootballDevelopment/Refereeing/02/36/01/11/Lawso fthegamewebEN_N

eutral.pdf )  
28  Note that there may be environmental issues related to the use of ELT as shock absorbance system 

underneath artificial turf systems (RIVM 2018).  

https://www.fifa.com/mm/Document/FootballDevelopment/Refereeing/02/36/01/11/LawsofthegamewebEN_Neutral.pdf
https://www.fifa.com/mm/Document/FootballDevelopment/Refereeing/02/36/01/11/LawsofthegamewebEN_Neutral.pdf
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Figure A 6 :  Two types of synthetic turf systems  

Source: ETRMA and ESTO (2016) 

 

As rugby and Gaelic sports pitches  are larger than football pitches , they use 

proportionally more infill per field.  

Modern synthetic turf surfaces use pile heights ranging from 35 to 65 mm (many 

systems being based on 60 mm carpets) and a mixed ballast layer composed of sand and 

infill material. ESTO estimates that over 95 % of all synthetic turf installations are 

curre ntly located outdoors.  

A.2.3.2.2. Number of pitches in various EU Member State s 

Figure A 7 presents the number of annually installed synthetic turf football pitches in a 

number of EU countries.  Further information on the number of pitches, the types, 

quant ities and shares of infill used is provided in Annex  D. 
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Figure A 7 :  Number of artificial football pitches  installed annually  

Source: ETRMA (2016)  

A.2.3.2.3. Quality criteria for artificial turf  

These systems have been approved by FIFA (the Fédération Internationale de Football 

Association), UEFA (the Union of European Football Associations) and World Rugby.  

The criteria established by FIFA 29  in 2006 on the quality requirements for football turf 

include  an Annex on ógeneral requiremtnsô in which the manufacturer of the turf is given 

the task to asure the purchaser the turf is chemically safe . According to th is FIFA quality 

guidance óThe manufacturer should be asked to supply to the purchaser an ass urance 

that the sports surface together with its supporting layers, does not contain in its finished 

state any substance which is known to be toxic, mutagenic, teratogenic or carcinogenic 

when in contact with the skin. Furthermore it should be ascertained that no such 

substances will be released as a vapour or dust during normal use .ô In addition, it is 

prescribed that parties that receive the licence for synthetic turf pitches have the 

responsibility to ensure that if any dangerous substances are identifie d their content does 

not exceed the limits in force. Reference is made to the former EU limitations Directive 

(EU Council Directive 76/769/EEC), which are restrictions currently captured by Annex 

XVII of REACH. The 2006 FIFA quality concept has in 2015 bee n amended  into the 2015 

FIFA Quality Programme  for Football Turf (FIFA, 2015) which does not anymore contain 

quality criteria related to chemical safety of the synthetic turf. The current FIFA Quali ty 

Programme for Football Turf certifi es final installatio ns subject ed to a testing procedure. 

                                           

29  FIFA QUALITY CONCEPT Handbook of Requirements for Football Turf, March 2006 Edition: 

https://www.fifa.com/mm/document/afdeveloping/pitchequi p/fqc_requirements_manual_march_2006_326.pdf   

https://www.fifa.com/mm/document/afdeveloping/pitchequip/fqc_requirements_manual_march_2006_326.pdf
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On its website, FIFA lists providers that fulfil their quality programme. The number of 

pitches  in the EU that fulfil the FIFA quality programme is not known. According to one 

producer of synthetic turfs, all pitches  th ey produce are checked against FIFA criteria and 

they receive certificate for this. World Rugby has also published guidelines for quality of 

synthetic turfs 30  but the criteria do not cover chemical safety of the turf and the infill 

material . More information on the FIFA quality program is presented in Annex E.2.  

A.2.3.2.4. Quality criteria for infill material  

Some Member State s have specific control systems in place for artificial turf. For 

example, the French Football Association (FFF, replies to questions posed by ECHA in 

2017) 31  notes that the owners of the pitches  are municipalities, who require laboratory 

reports to prove that the performance infills fulfil the national standard (NF P 90112). 

This standard sets up limits on heavy meta ls. Municipalities are also responsible for the 

maintenance of the pitches . FFF controls the quality of pitches  every five years. 

According to FFF, the main driver for choosing the infill material is the price.  

According to the DEFRA, UK 32  (2017, replies to  questions posed by ECHA), the samples 

are typically collected as part of the field test verification of the artificial grass pitches. 

The process involves the collection of about 5 kg of infill once the pitch is built. The 

Department for Environment, Food  and Rural Affairs (DEFRA) tests these samples for 

physical properties for compliance to a standard for sporting performance. DEFRA keeps 

reference samples for the quality system. According to Sport England (2017, replies to 

questions posed by ECHA) 33 , the relevant sports standards which are used are FIFA 

Quality Program, World Rugby Regulation 22  34  and more recently BS EN 15330 -1.  In the 

Netherlands RecyBEM has introduced a standard for REACH -8 PAHs content (20 mg/kg) 

in infill material 35 . Furthermore there is a Milieukeur ï a Dutch environmental quality 

label -  certificate available making statements on REACH -8 PAHs content (similarly 20 

mg/kg of rubber) 36 .  

A.2.3.3. Installation and maintenance  

A.2.3.3.1. I nstallation of artificial turf  

According to ETRMA (2 016 , as reported in ECHA 2017 ) outdoor and indoor installation 

procedures are similar. The installation of a new field takes a total of 30 -35 working 

days. Normally, there will be between two to four workers on the field during installation 

and on average six workers in total to install the field. Infilling a full - size football pitch 

normally takes two to three days. The duration of the rubber infill procedure is six  hours 

per day. If the same workers install the new field, it is assumed, given that install ation 

typically occurs during warm periods (6 months and typically during the summer period 

                                           

30  Rugby Turf Performance Specification, 2016 Edition: http://www.smartconnection.net.au /wp -

content/uploads/2017/06/2016 -Rugby -Turf -Performance -Specification.pdf   
31  Berly, Jean -Michel (FFF), personal communication  
32  Carmichael, Penny (DEFRA), personal communication  
33  Atherton Tony (Sport England), personal communication  
34  https://www.worldrugby.org/handbook/regulations/reg -22   
35  https://www.recybem.nl/nl/BEM -norm   
36  http://www.smk.nl/Public/Milieukeur_NonFood_schemas/2017/VHTSCHEMA_NL10.pdf   

http://www.smartconnection.net.au/wp-content/uploads/2017/06/2016-Rugby-Turf-Performance-Specification.pdf
http://www.smartconnection.net.au/wp-content/uploads/2017/06/2016-Rugby-Turf-Performance-Specification.pdf
https://www.worldrugby.org/handbook/regulations/reg-22
https://www.recybem.nl/nl/BEM-norm
http://www.smk.nl/Public/Milieukeur_NonFood_schemas/2017/VHTSCHEMA_NL10.pdf
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when pitches are not used due to holiday season 37) that as a worst -case workers do the 

infill procedure approximately 120 days per year. Workers use protective clot hing and 

protective masks to prevent inhalation of dust. However, ESTO notes that this will 

happen when personal protective equipment (PPE) regulations are robustly enforced. 

According to ETRMA, workers sometimes donôt use any type of PPEs during the rubber 

infill operations (except acoustic earmuffs because of the truck noise).  

Other tasks during installation than infilling are the preparation of the base such as 

placing aggregates with the right gradation, compaction etc. (20 days), laying down the 

synthe tic turf (and potentially a shockpad or elastic layer underneath and the turf) (eight 

days) and spreading the sand layer (2 -3 days).  

Pitches  are normally built during the six warmer months of the year (depending of the 

geographical position of a Member Sta te ). The artificial turf carpet and infill need to be 

dry to allow the infill to flow into the carpet pile. According to ESTO (2016 , as reported in 

ECHA 2017 ), the air temperature immediately above the synthetic turf field with infill 

material derived from  ELT can reach in excess of 80 ęC during very warm and sunny 

periods, and that it would be unusual for work to proceed in hot conditions.  

 

According to the ESTO (2016 , as reported in ECHA 2017 ), the procedures used to install 

the infill vary depending on t he country and contractor. Larger companies will use 

machines to distribute the infill and brush into the synthetic turf carpet ( see Figure A 8).  

For smaller areas and smaller companies, companies typically load one ton or 1.5 m 3 big -

bags into a small trac tor unit (open driving space), which distributes the infill across on 

the pitch ( see Figure A 9). This is normally done by one or two units per field. Big -bags 

are unloaded directly in the cargo bed of the truck, however if problems arise, workers 

can brea k the sacks manually. The infill is then brushed into the carpet using another 

tractor. Manual raking might occur as well.  

 

                                           

37  In the Netherlands installation typically occurs outside the football season, during Ju ne-August.  
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Figure A 8 :  Mechanised application of infill (photo submitted by ESTO)  

Source: ESTO 

 

 

Figure A 9 :  Semi -mechanised application of  infill  

Source: ESTO 
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A.2.3.3.2. Maintenance of synthetic turfs  

Different types of maintenance activities occur on the pitches . Maintenance work can 

include brushing or raking the rubber granules after the games. Brushing can be done 

with machines designed  for this purpose, but manual brushing also occurs when a 

smaller area needs to be fixed. According to Salonen et al. (2015) the frequency of 

brushing varies being once per week to once every 2 -3 months. This may vary depending 

on the countries/pitches. On e producer of the artificial turf informed ECHA that the 

brushing is done on weekly basis, as it is important that the field does not have areas 

with too small amount of infill. If this would be the case it may lead to injuries for the 

players and it may d amage the pitch, shortening the lifetime. Shoveling of the rubber 

granules from the containers occurs as well. Nilsson et al. (2008) refers to a maintenance 

guide which provides the following information: the regular maintenance consists of 

cleaning, marki ng, deep -cleaning, surface loosening (1 -2 times per year, according to 

one synthetic turf producer), filling up and watering. Watering can be relevant during the 

summer months with respect to cooling down and reduced friction. Salting (de - icing) of 

synthet ic turfs may occur during the winter and snowy periods 38 . Cleaning of machines is 

conducted regularly. Furthermore leaf blowers may be used to get rid of leaves in the 

fall. 39  

 

Deep brushing with refilling of infill material typically happens ones per year. This annual 

maintenance is done due to losses of infill and to overcome the effect of compacting. On 

average 0.5 -1 ton of refill per year has to be added to each field and for  pitches  where 

winter service is needed (where an amount of rubber infill will be removed during snow 

clearance from the field) 3 -5 ton is added.  For the dossier we assume annually 1 ton of 

ELT ïderived granules are added for maintenance on a full size pi tch and 100 kg on a 

mini -pitch. Refilling is done annually with similar machines to those used during the 

installation of the pitches . For some areas of the field which are most used, such as in 

front of the goal and in the center of the field, infill mate rial is added more often during 

the year.  

 

According to FIFA (2015) 40  chemicals that can be used on synthetic turfs, after 

authorisation, include algaecides, mossicides, weed killers and de - icers. In this FIFA 

Quality Program instruction of regular maintena nce is provided.  

Another maintenance guidance 41  provides the frequencies for the maintenance:  

- Raking: 4 -6 weeks (indoors: as needed);  

- Brushing: 4 -6 weeks (indoors: 2 -3 weeks);  

- Aerating: maximum of 3 times per year, ideally after every sport season, and 

afte r snow clearing, if applicable (beginning in second year) (same for indoors); a  

                                           

38  With salting the snow and ice melt quicker and when the slush is removed, it is possible to start using the 

field earlier than without using de - icing chemicals.  
39  Note that this activity may result in the spreading of infill to the surrounding  environment and may result in 

environmental pollution, see RIVM 2018.  
40  https://football - technology.fifa.com/media/1026/fifa_quality_programme_for _football_turf.pdf   
41 http:// www.fieldturf.com/media/W1siZiIsIjIwMTYvMDcvMjAvMTcvMTkvNTYvMzY1L0Jyb2NodXJlX01haW50ZW

5hbmNlX0d1aWRlbGluZXNfRmllbGRUdXJmXzIwMTZfRW1haWwucGRmIl1d/Brochure%20 -

%20Maintenance%20Guidelines%20 -%20FieldTurf%20 -%202016%20 -%20Email.pdf  

https://football-technology.fifa.com/media/1026/fifa_quality_programme_for_football_turf.pdf
http://www.fieldturf.com/media/W1siZiIsIjIwMTYvMDcvMjAvMTcvMTkvNTYvMzY1L0Jyb2NodXJlX01haW50ZW5hbmNlX0d1aWRlbGluZXNfRmllbGRUdXJmXzIwMTZfRW1haWwucGRmIl1d/Brochure%20-%20Maintenance%20Guidelines%20-%20FieldTurf%20-%202016%20-%20Email.pdf
http://www.fieldturf.com/media/W1siZiIsIjIwMTYvMDcvMjAvMTcvMTkvNTYvMzY1L0Jyb2NodXJlX01haW50ZW5hbmNlX0d1aWRlbGluZXNfRmllbGRUdXJmXzIwMTZfRW1haWwucGRmIl1d/Brochure%20-%20Maintenance%20Guidelines%20-%20FieldTurf%20-%202016%20-%20Email.pdf
http://www.fieldturf.com/media/W1siZiIsIjIwMTYvMDcvMjAvMTcvMTkvNTYvMzY1L0Jyb2NodXJlX01haW50ZW5hbmNlX0d1aWRlbGluZXNfRmllbGRUdXJmXzIwMTZfRW1haWwucGRmIl1d/Brochure%20-%20Maintenance%20Guidelines%20-%20FieldTurf%20-%202016%20-%20Email.pdf
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- Sweeping: as needed (same for indoors).  

A.2.3.4. Users of artificial turf  

A.2.3.4.1. Players  

Football, lacrosse, Gaelic games and rugby are the most popular and most frequently  

played sports on 3 rd  generation synthetic turf in Europe ( See Table A 3 ). Football  is by far 

the most popular sport in Europe, claiming 15.4 million registered players in the EU and  

EEA as of 2015 -2016 (UEFA, 2016 42). In terms of number of players in the E U and 

European Economic Area, football is followed by rugby, Gaelic sports and lacrosse 

respectively. The number of rugby players in Europe is estimated to be in excess of 3.6 

million (World Rugby, 2016 43). The number of players for Lacrosse and Gaelic game s is 

far lower, totalling approximately 32  000 and 374  000 players respectively (European 

Lacrosse Federation, 2017 and GAA, 2017). With exception of Gaelic games, which are 

sports predominantly played only in the Republic of Ireland, the three other sport s have 

a wider European coverage.  

 

On the basis of the aforementioned information, one may conclude that there are about 

20 million registered football, lacrosse, Gaelic games and rugby players in the EEA -31 

(EU-28 plus Iceland, Norway and Liechtenstein). This does not include the number of 

players for other sports, which occasionally may take place on artificial turf pitches. If the 

number of registered players (i.e. 20 million), is combined with t he number of 

unregistered players, one gets more realistic picture of the population that likely comes 

in direct contact with artificial turf pitches. For football alone, about 7.2  % of the 

population in the 55 UEFA associated countries was estimated by UE FA to be a football 

player (registered and unregistered) in 2016. Assuming that the number (i.e. 7.2 %) is 

applicable for of EEA -31 (EU -28 plus Iceland, Norway and Liechtenstein) as well, it can 

be estimated that there are over 38 million players (register ed and unregistered) in EEA -

31. This number of unregistered football players and registered football players, in other 

words, is around 1.9 times higher than that of registered players. The number of 

registered and unregistered football, lacrosse, Gaelic g ames and rugby players is 

assumed to be more or less equal to the estimate solely for football (1.9 x 20 million).  

These figures are further used in Annex D.4. 

                                           

42  UEFA football player stati stics 2015/2016, personal communication.  
43  http://publications.worldrugby.org/yearinreview2016/en/44 -1  

http://publications.worldrugby.org/yearinreview2016/en/44-1
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Table A 3 :  Number of registered players in the EU and EEA.  

Country Football44 Gaelic games45 Lacrosse46 Rugby47 

Austria 295 038 - 275 1 258 

Belgium 311 972 - 575 34 261 

Bulgaria 32 174 - 30 2 360 

Croatia 145 117 - 50 2 882 

Czech Republic 309 336 - 1120 14 989 

Cyprus 15 293 - - - 

Denmark 351 935 - 70 7 373 

England 1 916 996 - 21 150 2 139 604 

Estonia 13 567 - 20 - 

Finland 127 145 - 590 5 734 

France 1 802 500 - 95 634 028 

Germany 3 908 892 - 3170 29 191 

Greece 424 713 - - - 

Hungary 177 561 - 45 5 630 

Iceland 20 715 - - - 

Republic of Ireland 274 260 374 281 260 190 422 

Italy 1 111 853 - 185 88 232 

Latvia 16 246 - 125 2 225 

Lithuania 19 674 - - 5 925 

Liechtenstein 1914 - - - 

Luxembourg 33 704 - - 3 768 

Malta 30 733 - - 21 780 

The Netherlands 917 770 - 915 64 440 

Northern Ireland 44 056 - - - 

Norway 321 477 - 500 1 853 

Poland 843 888 - 400 75 254 

Portugal 162 144 - 50 48 551 

Romania 117 713 - - 24 610 

Scotland 140 073 - 730 164 191 

Slovakia 65 535 - 240 - 

Slovenia 44 048 - 20 472 

Spain 842 055 - 190 82  220 

Sweden 454 811 - 280 5 725 

Switzerland 262 567 - 615 7 873 

Wales 104 579 - 125 83 120 

Total 15 662 054 374 281 31 825 3 665 751 

                                           

44  Source: personal communication, UEFA (data for 2015 -2016)  
45  Source: person al communication, Gaelic Athletic Association (data for 2017)  
46  Source: personal communication, European Lacrosse Federation (data for 2016)  
47  Source: personal communication, World Rugby (data for 2016) * Total number of players given.  
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A.2.3.4.2. Other uses of synthetic turfs  

Synthetic turf pitches may be used for different type of other sports and plays, e.g. working 

places, sport clubs may organise recreation days for multifunctional sports. Small children 

may also play beside the synthetic turfs, for example, while being wit h their parents who 

are following their older sisters or brothers playing. In addition, infill material may be 

carried to homes attached to socks or other clothes, in shoes and other equipment. Babies 

may place the granules into their mouths, before cleani ng of the floors at homes occurs. 

Some school classes, day -care groups and children in general use the pitches  for different 

types of play/sport activities. Children may especially play on mini -pitches. Synthetic turf 

pitches  may also used for concerts and  other type of events where a large number of people 

are standing and sitting on the field. The number of people, including small children who are 

using the synthetic turfs with performance infill ma terial, may be considerable. In Annex D  a 

rough estimate of the number of users of mini -pitches is derived to get an idea of the 

potential size of this group. Note that the users of mini -pitches may be both adults and 

children.  

A.2.4. Use in loose applications  

Similar to rubber granules, mulch (or flakes) are re garded as mixtures according to the 

Guidance on substances in articles 48 . According to ETRMA (2018, replies to questions posed 

by ECHA and RIVM), there is no harmonised definition of ñrubber mulchò. ETRMA made a 

survey in its network and the following is re lated to the rubber mulch from tyre origin. ELT 

rubber mulch are around 4 -10 mm long. Different types of mulch produced from tyre 

buffings 49  are placed on the EU market: 10 -20 mm long pieces, 30 -70 mm long, up to 15 

mm width (large) pieces and up to 130 mm long and 10 -15 mm width (large) pieces. 

Typical ones are of 10 ï 40 mm long.  

 

Rubber mulch is predominantly produced from recycled tyre buffings or nuggets of synthetic 

rubber. Other materials such as EPDM are also used to produce rubber mulch, although, t o 

a considerably less extent. It has been estimated that there are about 5 to 20 times more 

ELT-derived mulch used in the EU than the mulch derived from virgin material (Melos, 

personal communication). Rubber mulch is shredded up using the same ELT that ru bber 

granules are made from. Hence they contain the same array of substances. Buffings are 

produced from recycled truck tyre tread and solid tyres when the remainder of the worn -

down tread is removed from the tyre prior to retreating. ELT granules used in mulch are 

produced from an ambient granulation process.  Rubber mulch is usually used in the 

following applications:  

¶ Playgrounds  

¶ Landscaping  

¶ Gardens  

¶ Parks  

¶ Golf courses  

¶ Nature trails  

¶ Horse arena footing  

¶ Athletic arenas  

¶ Residential  

                                           

48  https://echa.europa.eu/documents/10162/23036412/articles_en.pdf/cc2e3f93 -8391 -4944 -88e4 -efed5fb5112c   
49  https://spartonenterprises.com/news/what_are_rubber_buffings   

https://echa.europa.eu/documents/10162/23036412/articles_en.pdf/cc2e3f93-8391-4944-88e4-efed5fb5112c
https://spartonenterprises.com/news/what_are_rubber_buffings
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Among the applications playgrounds occupy the lions share. It is estimated that about 60 % 

of rubber mulch ends up being used in playgrounds, whereas the remaining 40 % goes into 

other applications (Melos, personal communication). In addition to playground s, landscaping 

and gardens are two of the most popular applications in the European Union.  

The increasing popularity of rubber mulch within the European Union can be explained with 

reference to the litany of benefits that they are believed to offer. Some of the key benefits 

that usually are associated with the use of rubber mulch can be summarized as follows:  

¶ Provides effective shock absorption  

¶ Reduces injury risk and impact attenuation  

¶ Cost -effective  

¶ Low maintenance needs  

¶ Does not rot and decompose  

¶ Wind r esistance  

¶ Inhibits weed growth  

¶ Resists mould, mildew and fungi  

¶ Lasts long  

¶ Available in a wide range of colours  

¶ Can cater to various aesthetic requirements  

 

Rubber mulch is used in playgrounds as low impact surface area. The material may be used 

in loose form and also in situ bonded by a PU based resin. According to ETRMA rubber 

mulch is always PU coated and mixed with a binder.  

The volume of mulch required to cover surfaces depends on the application. There are many 

mulch calculators available online enabling the calculation of the exact volume of mulch for 

the given application and specificities (area shape, width, length, and depth). 50  On average, 

it has be en estimated by Melos Gmbh ï one of Europeôs largest producers of EPDM mulch, 

that 10 kg of mulch is required for every square meter.  

According to ETRMA and other rubber mulch formulators and distributors, there has been 

some use of mulch observed in Franc e, Germany, the UK, Austria, the Netherlands, 

Belgium, Bulgaria and Switzerland. It has been also gleaned from various relevant 

stakeholders that the use of rubber mulch is almost non -existent in Portugal, Spain, and 

Sweden. In the UK the demand has grown over the past 3 years and the application of 

mulch in play areas represents around 8  000 tonnes per year. It must be noted here that 

the use of mulch is most prevalent in the UK when compared with other EU Member State s.  

  

                                           

50  https://www.mulchman.co.nz/mulch -calculator  (There are many other similar mulch calculators available online 

that could be obtained by entering the keyword ómulch calculatorô in any of the search engines.  

https://www.mulchman.co.nz/mulch-calculator
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A.2.6. End - of - life of artificial turf, granules and mulches  

According to ESTO (2018, reply to questions posed by ECHA/RIVM), the lifetime of synthetic 

turf is typically 10 -12 years. ESTO (2017 51) estimates that 98 % of all synthetic turf sports 

surfaces will be replaced with another synthe tic turf surface. Third generation pitches were 

developed after 1996 and the use became increasingly popular after 2006 when the EU 

landfilling prohibitions on ELT material came into force. Some of the turfs have thus already 

been replaced and the replacem ent will continue as the use of the synthetic turfs has been 

growing. For the ease of analysis therefore, an average 10 year service life is applied in this 

Dossier, which means that it is assumed that all pitches installed in the year 2005 are 

assumed to be resurfaced in 2016 (See Annex D ). This means that based on our 

estimations around 62  % of all full size synthetic turf pitch installations will be 

reinstallations.  

 

A.2.6.1. Reuse and recycling  

Synthetic turf will be a waste after its service life. Arti ficial turf and the infill material used 

to be landfilled in the EU. Following the 2006 regulatory measures against landfilling applied 

across the EU, artificial turf and infill material may now go through various recovery routes 

instead of being landfille d. Artificial turf and infill can be processed or cleaned in order to be 

suitable for reuse or recycling. Infill material, in particular ELT derived infill, can be re -used 

multiple times without its quality being compr omised according to the sector.  

 

Old s ynthetic turf can be reused in a myriad of ways. For example, in baseball it can be 

used in a batting cage, whereas in golf it could be put to use in driving ranges. Sports 

pitches  often rely on the use of old synthetic turf, primarily as grass field side - lines or 

running track protectors. Furthermore, old synthetic turf is often reused in various 

landscaping and recreational activities, such as pet parks, dog running space, and play 

areas. However, if recycling of old synthetic turf, rather than its reusin g is opted for, there 

is a number of ways in which recycling may take place. Used synthetic turf can be converted 

to energy by means of incineration (cement kilns, district heating), pyrolysis or gasification. 

ESTO does not recommend this, due to its high CO2 emissions.  

 

Occasionally there are other uses as well. However, material recycling of the synthetic turf 

is said to be difficult as the quality of the turf has decreased during the use and it will 

decrease further when lifting of the turf occurs. As regards infill material, ESTO informs that 

at least two of its members are currently investing in waste (infill) collection and infill 

cleaning and separation. Full recycling is also said to be difficult due to the range of 

materials used in the surface. A ctors themselves however, claim to be able to recycle large 

part of the synthetic turf systems often in other sport applicati ons (personal communication 

synthetic  turf sector). A company formulating TPE infill material in Italy (2017, comments 

through the call for evidence) noted that TPE infill materials can be reused, or recycled and 

reused in other plastics applications.  

 

                                           

51  http://www.theesto.com/publications/end - life -statement -synthetic - turf -sports -surfaces/   
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Although material recycling of synthetic turf may be possible, ESTO notes that separation of 

various polymers into pure enough polymer s is expensive, thus the carpets are recycled to 

produce lower price products such as flower pots. However, attempts are ongoing to convert 

synthetic tu rfs into higher value products.  

 

ESTO notes that the infill from recycled tyres (or turf containing ELT infill) is prohibited for 

disposal in landfill, in the same way as tyres. ESTO also recommends that landfilling of 

synthetic turf should be avoided. One company specialised in recycling synthetic turf claims 

that it is much cheaper to recycle a pitch than to landfill it. Their process is patented and 

provides high purity materials recovered.  

 

The procedure to recycle the synthetic turf is described by one company 52 :  

De-sanding the artificial turf field, where sand and rubber are removed from the field. Sand 

and rubber are then separated  and the clean sand can be reused. The rubber will be 

possibly placed on the market for further recycling. The infill material is reused after dry 

cleaning, in case the quality of the infill allows for it.  

 

If possible, the art ificial turf will be made ready for reuse. When re -use is not an option, 

further dismantling and recycling are the following steps. After complete unraveling of the 

artificial turf, synthetic components and latex will be separated, the latex will be used f or 

generating energy and the synthetic materials will then be used for coverings for drainage 

tubes, infill production for artificial turf and re -granulating for the production of new artificial 

turf.  

 

Liu Q. et al. (2017) have studied solid -state shear mi lling technology to produce ultrafine 

powder from the synthetic turfs. According to the writer the powder can be used to produce 

woodïplastics products with considerable economic benefits and social effects. 53  

Concerning the substructure of the synthetic tu rf system, there may be a need to clean the 

layer in case it is contaminated with the substances leached from infill material such as 

metals or organic compounds. According to a company formulating TPE infill material in 

Italy (2017, comments via the call for evidence), due to absence of heavy metals in TPE 

which can leach into the lower installation levels, no cost for cleaning a potentially 

contaminated substructure and renovation of this layer, and for possible soil remediation 

arises if this material is  used.  

 

According to various actors in the sector, re -use and recycling of synthetic turf is still limited 

in practice in Europe, although there may be differences among Member State s. In the 

Netherlands for example it is said that large part of artificial turf is currently recycled. 

Because not much information is available to the Dossier Submitter on the actual re -use of 

infill materials for a second or third (etc.) life on syntheti c turf pitches, for the ease of 

analysis in the Annex XV dossier, re -use of granules is assumed to be zero.  

 

                                           

52  https://www.tufrecycling.nl/en   
53  http://pubs.rsc.org/en/content/articlepdf/2017/ra/c7ra11206h   

https://www.tufrecycling.nl/en
http://pubs.rsc.org/en/content/articlepdf/2017/ra/c7ra11206h
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A.2.6.2. Waste prevention  

ESTO has identified three items to prevent the generation of waste at the end of service life 

of a synthetic turf system :  

1.  Infill free systems: more than 90% of the weight of the turf system consists of infill 

material hence, infill free systems would reduce the waste volume, There are 

initiatives developing infill free systems and the first systems are currently tested in 

practice in the Netherlands;  

2.  Longer life turf: delays the need for early replacement. The Dossier Submitter does 

not have further information on this development to expand the life - time of synthetic 

turf;  

3.  Improved shockpad s: providing the possibility to lay the new turf over the existing 

shockpad . 

 

A.2.7. Uses advised against  

Several formulators of infill material using recycled tyres as a raw material say to only use 

tyres that have been produced or imported after 2010, when the restriction on extender o ils 

became effective. This is not a formal use advised against by actors, however, it may be 

interpreted like that. The Dossier Submitter does not know how formulators handle tyres 

from before 2010 in practice and whether it is common practice in the EU to  separate these.  

 

A.3. Relevant existing legislation  

A.3.1. REACH: PAHs in mixtures  

Recycled rubber granules and mulches are regarded as mixtures as agreed upon by the 

European Commission supported by a majority of Member State s (see CA/30/05/2016 

CARACAL paper). REACH restrictions that apply to these type of mixtures are entry 5 to 

Annex XVII of REACH on benzene and entries 28 -30 on CMR substances.  

- Entry 5 (benzene): Shall not be placed on the market or used in mixtures 

(concent ration limit value; equal to or greater than 0.1 % by weight).  

- Entries 28 -30: CMR substances (categories 1A and 1B) shall not be placed on the 

market or used in mixtures fo r supply to the general public.  

 

Harmonized CLP classifications and concentration limits for the eight PAHs specified in 

REACH Annex XVII entry 28 -30 are shown in Table A 4. In its scope, this existing entry 28 -

30 restriction does affect granules and mulches placed on the market for use o n synthetic 

turf pitches and in loose form on playgrounds as, according to the legal interpretation by 

the European Commission, these uses should be regarded as ósupply to the general publicô. 

This is consistent with the interpretation given in ECHAôs guidance on paragraph 5 and 6 of 

entry 50 of Annex XVII (ECHA guidance March 2018). In this guidance the term ósupply to 

the general publicô is explained. Playgrounds located in public areas and football pitches in 

most cases are owned by local municipalities and are used by members of a sports club that 

are part of the general public as a whole. The PAH content limit values of this restriction for 

supply to the general public are too high to provide a strict control of risks according to the 

Dossier Submitter (see Annex B ), which has formed the basis for the current restriction 

proposal.  



Annex to Background Document to the Opinion on the Annex XV dossier proposing a 

restriction on Polycyclic -aromatic hydocarbons (PAHs)  

 

 

48  

Table A 4 :  CLP harmonized classification and concentration limit values for eight PAHs in Annex XVII 
entries 28 -30.  

Name EC Number CAS 
Number 

CLP Annex VI 
harmonized 
classification 

Limit value54 
(% w/w) 

Limit value 
(mg/kg) 

Benzo[a]pyrene (BaP) 

200-028-5 
50-32-8; 
63466-71-7 

Carc. 1B (H350) 
Muta. 1B (H340) 
Repro. 1B (H360FD) 0.01 100 

Benzo[e]pyrene (BeP) 205-892-7 192-97-2 Carc. 1B (H350)  0.1 1000 

Benzo[a]anthracene (BaA) 
200-280-6 

56-55-3; 
1718-53-2 Carc. 1B (H350)  0.1 1000 

Chrysene (CHR) 
205-923-4 

218-01-9; 
1719-03-5 

Carc. 1B (H350) 
Muta. 2 (H341) 0.1 1000 

Benzo[b]fluoranthene (BbFA) 205-911-9 205-99-2 Carc. 1B (H350)  0.1 1000 

Benzo[j]fluoranthene (BjFA) 205-910-3 205-82-3 Carc. 1B (H350)  0.1 1000 

Benzo[k]fluoranthene (BkFA) 205-916-6 207-08-9 Carc. 1B (H350)  0.1 1000 

Dibenzo[a,h]anthracene (DBAhA) 200-181-8 53-70-3 Carc. 1B (H350) 0.01 100 

 

A.3.2. REACH: PAHs in extender oil and PAHs in articles  

Paragraph 1 of entry 50 of Annex XVII of REACH describes that from 1 January 2010 

onwards extender oils shall not be placed on the market, or used for the production of tyres 

or parts of tyres, if they contain more than 1 mg/kg (0.0001 % by weight) BaP, or  more 

than 10 mg/kg (0.001 % by weight) of the sum of the 8 listed PAHs. Paragraph 2 of this 

entry describes that tyres and treads for retreating manufactured after 1 January 2010 shall 

not be placed on the market if they contain extender oils exceeding th e limits indicated 

above. Paragraphs 3 and 4 define a derogation related to retreading and further define the 

term ótyreô. Based on information that is available to the Dossier Submitter this restriction 

on extender oils has reduced the PAH levels in tyres  manufactured in the EU and imported 

into the EU to the level that is currently found in tyres. In the analysis of available samples 

from 2010 to 2017 a decrease in PAH content is observed, which levels of in the last three  

years (see Annex D  and Appendix B1). The information suggests that any effect of the 2010 

extender oil restriction has already become effective in the waste phase and that industry 

already before 2010 took measures to reduce PAH content in extender oil and tyres.  

Paragraph 5 and 6 of entry 50 describe the restriction on the 8 listed PAHs in articles and 

toys. Articles shall not be placed on the market for supply to the general public, if any of 

their rubber or plastic components that come into direct as well as pro longed or short - term 

repetitive contact with the human skin or the oral cavity, under normal or reasonably 

foreseeable conditions of use, contain more than 1 mg/kg (0.0001 % by weight of this 

component) of any of the listed PAHs (paragraph 5). Toys, includ ing activity toys, and 

childcare articles, shall not be placed on the market, if any of their rubber or plastic 

components that come into direct as well as prolonged or short - term repetitive contact with 

the human skin or the oral cavity, under normal or r easonably foreseeable conditions of 

use, contain more than 0.5 mg/kg (0.00005 % by weight of this component) of any of the 

                                           

54  Limit value applicable based on ha rmonized classification as Carc. 1B (H350) (specific concentration limits 

applicable to Benzo[a]pyrene (BaP) and Dibenzo[a,h]anthracene ( DBAhA ))  
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listed PAHs (paragraph 6). On request of the European Commission, in March 2018 ECHA 

published a Guideline to further clarify the sco pe of this restriction 55 .  

 

Currently, there are several ways to determine the PAH content in rubber of plastic 

matrices. However, there is no set standard at this moment. The European Committee for 

Standardisation (CEN) and more precisely, a dedicated CEN Technical Committee has 

initiated the process to develop standards to determine the PAH content in materials 

obtained from ELT. The documents which are currently under preparation include:  

 ñMaterials obtained from End of Life Tyres ï Derived rubber ï Stat e of the art concerning 

PAH determinationò and 

 ñMaterials obtained from End of Life Tyres ï Derived rubber ï Determination of the PAH 

contentò. 

In parallel, the European Commission has requested the Joint Research Centre (JRC) to 

develop a method to deter mine the migration of PAHs from plastic and rubber articles (Final 

Draft report is submitted to Commission). More information on available analytical methods 

is presented in Appendix E1.   

A.3.3. Waste framework directive  

Some Member State s have stated that rubber granules from recycled tyres are waste. 

According to REACH Article 2(2), waste as defined in the waste framework directive is not a 

substance, mixture or article within the meaning of REACH and any current restrictions do 

not appl y to waste. According to the Waste Framework Directive, waste ceases to be waste 

if criteria have been set at Community level or if Member State s have decided on this and 

notified the Commission. In addition, case -by -case decisions can be made by Member 

State s and these do not have to be notified to the Commission. If criteria would be 

developed, they should take into account that the use of the substance or object will not 

lead to overall adverse environmental or human health impact. Criteria have not been  set at 

Community level. Only one Member State  has notified the Commission on setting of criteria.  

 

A.3.4. European Landfilling Directive  

The European ban on landfilling of whole waste tyres from July 2003 and on shredded tyres 

from 2006 under the European  Landfill Directive (1999/31/EC) had the effect of 

encouraging the recycling of waste tyres. Waste incineration possibilities of ELT are limited 

because of the high caloric value of the rubber material due to which waste tyres cannot be 

incinerated in regu lar waste incineration facilities. Part of the EU waste tyres are 

incinerated, mainly in cement kilns (s ee A.1.3. ).  Capacity for use of ELT - tyres is said to be 

limited in these systems. Between 1996 and 2015 the percentage of all EU waste tyres that 

were l andfilled or with unknown reported destination decreased from 49% to about 8%, and 

remained at that level until 2016. The share of waste tyres used for energy recovery 

appeared to be stable between 20  % in 1996 and 28  % in 2015. The material recovery 

                                           

55  

https://echa.europa.eu/documents/10162/106086/guideline_entry_50_pahs_en.pdf/f12ac8

e7-51b3 -5cd3 -b3a4 -57bfc2405d04   

https://echa.europa.eu/documents/10162/106086/guideline_entry_50_pahs_en.pdf/f12ac8e7-51b3-5cd3-b3a4-57bfc2405d04
https://echa.europa.eu/documents/10162/106086/guideline_entry_50_pahs_en.pdf/f12ac8e7-51b3-5cd3-b3a4-57bfc2405d04
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share  in the same period increased from 11  % to 46  % (see Figure A 2 ).  The EU -wide 

prohibitions on landfilling together with the specific material properties have thus provided a 

basis for the recycling sector to develop tyre recycling options in the area of ma terial 

recovery. The manufacture and placing on the market of granules for use as infill in 

synthetic turf pitches and rubber mulch and granules for playgrounds is one of these 

recycling options.  

A.3.5 . Worker protection legislation  

The Chemical Agents Directive (98/24/EC) and the Directive on Carcinogens and Mutagens 

at work (2004/37/EC) aim to protect workers from chemical risks at the workplace. The 

employerôs obligation is to assess any risk to the safety and health arising from the 

hazardous substances present at the workplace. If a risk is identified, employers are 

required to eliminate or reduce the risk to a minimum. Under the Chemicals Agents 

Directive, several occupational exposure limit values (OELs), both indicative and bin ding, as 

well as biological limit values have been established. In addition, each Member State  may 

have limit values for other substances or higher limit values compared to the EU OELs. PAHs 

in recycled rubber granules may be released to the air or in the airborne dust. The relevant 

OELs (or biological limit values) need to be followed.  
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Annex  B:  Information on hazard and risk  

B.1. Identity of the substance(s) and physical and 
chemical properties  

As explained in section 1.2 of  this restriction dossier, the  scope is limited to the eight PAHs 

included in entry 50 to Annex XVII of REACH: benzo[a]pyrene (BaP), benzo[e]pyrene (BeP), 

benzo[a]anthracene (BaA), dibenzo[a,h]anthracene ( DBAhA ), benzo[b]fluoranthene (BbFA), 

benzo[j]fluoranthene (BjFA), benzo[k]fluoran thene (BkFA) and chrysene (CHR).  

B.1.1. Name and other identifiers of the substance(s)  

Textbox B 1: Information on the composition of the REACH -8 PAHs  

Chemical Name: Benzo[a]pyrene  

EC Number: 200 -028 -5 
CAS Number: 50 -32 -8 
IUPAC Name: Benzo[d,e,f]chrysene  

Molecular weight: 252.3 g/mol  

Molecular formula: C 20H12  
Structural formula:  

 
Chemical Name:  Benzo[e]pyrene  
EC Number: 205 -892 -7 
CAS Number: 192 -97 -2 
IUPAC Name: 1,2 -Benzopyrene  

Molecular weight: 252.3 g/mol  
Molecular formula: C 20H12  
Structural formula:  

 
Chemical Name:  Benzo[a]anthracene  
EC Number: 200 -280 -6 
CAS Number: 56 -55 -3 
IUPAC Name: 1,2 -Benzanthracene  

Molecular weight: 228.3 g/mol  
Molecular formula: C 18H12  
Structural formula:  

 
 

Chemical Name:  Dibenzo[a,h]anthracene  
EC Number: 200 -181 -8 

CAS Number: 53 -70 -3 
IUPAC Name: 1,2:5,6 -Dibenzanthracene  

Molecular weight: 278.3 g/mol  
Molecular formula: C 22H14  

Structural formula:  

 
Chemical Name: Benzo[b]fluoranthene  

EC Number: 205 -911 -9 
CAS Number: 205 -99 -2 
IUPAC Name: 2,3 -Benzfluoranthene  

Molecular we ight: 252.3 g/mol  

Molecular formula: C 20H12  
Structural formula:  
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Chemical Name: Benzo[j]fluoranthene  

EC Number: 205 -910 -3 
CAS Number: 205 -82 -3 
IUPAC Name: 10,11 -Benzofluoranthene  

Molecular weight: 252.3 g/mol  

Molecular formula: C 20H12  
Structural formula:  

 
Chemical Name:  Benzo[k]fluoranthene  
EC Number: 205 -916 -6 
CAS Number: 207 -08 -9 

IUPAC Name: 11,12 -Benzofluoranthene  

Molecular weight: 252.3 g/mol  
Molecular formula: C 20H12  
Structural formula:  

 
Chemical Name: Chrysene  
EC Number: 205 -923 -4 
CAS Number: 218 -01 -9 
IUPAC Name: 1,2 -Benzophenanthrene  

Molecular weight: 228.3 g/mol  
Molecular formula: C 18H12  
Structural formula:  
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B.1.2. Composition of the substance(s)  

The textbox  below presents some information on the composition of rubber granules with 

respect to the eight PAHs under current evaluation. The concentration data of PAHs in ELT 

granules are provided by industry, authorities, other stakeholders and obtained from publi c 

literature sampled (from a granules production site or a sports field) in the EU in the year 

2010 or later. Values below LOD are set to LOD. See  Annex B.1. for details.  

Textbox B 2: information on the composition of the REACH -8 PAHs  

Chemical Name: Benzo[ a]pyrene  
EC Number: 200 -028 -5 
CAS Number: 50 -32 -8 
IUPAC Name: Benzo[d,e,f]chrysene  
Concentration range (P01 -P99): 0.20 ï 3.1 mg/kg  

Chemical Name:  Benzo[e]pyrene  

EC Number: 205 -892 -7 
CAS Number: 192 -97 -2 
IUPAC Name: 1,2 -Benzopyrene  
Concentration range (P01 -P99): 0.44 ï 5.8 mg/kg  

Chemical Name:  Benzo[a]anthracene  
EC Number: 200 -280 -6 
CAS Number: 56 -55 -3 
IUPAC Name: 1,2 -Benzanthracene  
Concentration range (P01 -P99): 0.20 ï 3.9 mg/kg  

Chemical Name:  Dibenzo[a,h]anthracene  
EC Number: 200 -181 -8 
CAS Number: 53 -70 -3 
IUPAC Name: 1,2:5,6 -Dibenzanthracene  
Concentration range (P01 -P99): 0.10 ï 1.0 mg/kg  

Chemical Name: Benzo[b]fluoranthene  
EC Number: 205 -911 -9 
CAS Number: 205 -99 -2 

IUPAC Name: 2,3 -Benzfluoranthene  
Concentration range (P01 -P99): 0.20 ï 4.0 mg/kg  

Chemical Name: Benzo[j]fluoranthene  

EC Number: 205 -910 -3 
CAS Number: 205 -82 -3 
IUPAC Name: 10,11 -Benzofluoranthene  
Concentration range (P01 -P99): 0.20 -1.7 mg/kg  

Chemical Name:  Benzo[k]fluoranthene  

EC Number: 205 -916 -6 
CAS Number: 207 -08 -9 
IUPAC Name: 11,1 2-Benzofluoranthene  
Concentration range (P01 -P99): 0.15 ï 1.9 mg/kg  

Chemical Name: Chrysene  
EC Number: 205 -923 -4 

CAS Number: 218 -01 -9 
IUPAC Name: 1,2 -Benzophenanthrene  
Concentration range (P01 -P99): 0.20 ï 4.4 mg/kg  
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B.1.3. Physicochemical properties  

Textbox B 3: Pysiocochemical properties of the REACH -8 PAHs  

Property  Substance  Value  Reference  

Physical state  Benzo[a]pyrene  Solid (at ambient 
temperature)  

WHO (1998)  

Benzo[e]pyrene  Solid (at ambient 
temperature)  

WHO (1998)  

Benzo[a]anthracene  Solid (at ambient 
temperature)  

WHO (1998)  

Dibenzo[a,h]anthracene  Solid (at ambient 
temperature)  

WHO (1998)  

Benzo[b]fluoranthene  Solid (at ambient 
temperature)  

WHO (1998)  

Benzo[j]fluoranthene  Solid (at ambient 
temperature)  

WHO (1998)  

Benzo[k]fluoranthene  Solid (at ambient 

temperature)  

WHO (1998)  

Chrysene  Solid (at ambient 
temperature)  

WHO (1998)  

Appearance  Benzo[a]pyrene  yellowish  WHO (1998)  

Benzo[e]pyrene  pale yellow  WHO (1998)  

Benzo[a]anthracene  colourless  WHO (1998)  

Dibenzo[a,h]anthracene  colourless  WHO (1998)  

Benzo[b]fluoranthene  colourless  WHO (1998)  

Benzo[j]fluoranthene  yellow  WHO (1998)  

Benzo[k]fluoranthene  pale yellow  WHO (1998)  

Chrysene  colourless  WHO (1998)  

Melting point  Benzo[a]pyrene  178.1 °C  WHO (1998)  

Benzo[e]pyrene  178.7 °C  WHO (1998)  

Benzo[a]anthracene  160.7 °C  WHO (1998)  

Dibenzo[a,h]anthracene  266.6 °C  WHO (1998)  

Benzo[b]fluoranthene  168.3 °C  WHO (1998)  

Benzo[j]fluoranthene  165.4 °C  WHO (1998)  

Benzo[k]fluoranthene  215.7 °C  WHO (1998)  

Chrysene  253.8 °C  WHO (1998)  

Boiling point  Benzo[a]pyrene  496 °C  WHO (1998)  

Benzo[e]pyrene  493 °C  WHO (1998)  

Benzo[a]anthracene  400 °C  WHO (1998)  

Dibenzo[a,h]anthracene  524 °C  WHO (1998)  

Benzo[b]fluoranthene  481 °C  WHO (1998)  

Benzo[j]fluoranthene  480 °C  WHO (1998)  

Benzo[k]fluoranthene  480 °C  WHO (1998)  

Chrysene  448 °C  WHO (1998)  

Relative density  Benzo[a]pyrene  1.351  WHO (1998)  

Benzo[e]pyrene  Not available   

Benzo[a]anthracene  1.226  WHO (1998)  

Dibenzo[a,h]anthracene  1.282  WHO (1998)  

Benzo[b]fluoranthene  Not available   

Benzo[j]fluoranthene  Not available   

Benzo[k]fluoranthene  Not available   

Chrysene  1.274  WHO (1998)  

Vapour pressure  Benzo[a]pyrene  7.3 E -7 Pa at 25 °C  WHO (1998)  

Benzo[e]pyrene  7.4 E -7 Pa at 25 °C  WHO (1998)  

Benzo[a]anthracene  2.8 E -5 Pa at 25 °C  WHO (1998)  

Dibenzo[a,h]anthracene  1.3 E -8 Pa at 20 °C  WHO (1998)  

Benzo[b]fluoranthene  6.7 E -5 Pa at 20 °C  WHO (1998)  

Benzo[j]fluoranthene  2.0 E -6 Pa at 25 °C  WHO (1998)  

Benzo[k]fluoranthene  1.3 E -8 Pa at 20 °C  WHO (1998)  
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Chrysene  8.4 E -5 Pa at 20 °C  WHO (1998)  

Partition coefficient n -
octanol/water (log 
value)  

Benzo[a]pyrene  6.50  WHO (1998)  

Benzo[e]pyrene  6.44  WHO (1998)  

Benzo[a]anthracene  5.61  WHO (1998)  

Dibenzo[a,h]anthracene  6.50  WHO (1998)  

Benzo[b]fluoranthene  6.12  WHO (1998)  

Benzo[j]fluoranthene  6.12  WHO (1998)  

Benzo[k]fluoranthene  6.84  WHO (1998)  

Chrysene  5.91  WHO (1998)  

Water solubility  Benzo[a]pyrene  0.0038 mg/L at 25 °C  WHO (1998)  

Benzo[e]pyrene  0.0051 mg/L at 23 °C  WHO (1998)  

Benzo[a]anthracene  0.014 mg/L at 25 °C  WHO (1998)  

Dibenzo[a,h]anthracene  0.0005 mg/L at 27 °C  WHO (1998)  

Benzo[b]fluoranthene  0.0012 mg/L at 20 °C  WHO (1998)  

Benzo[j]fluoranthene  0.0025 mg/L at 25 °C  WHO (1998)  

Benzo[k]fluoranthene  0.00076 mg/L at 25 °C  WHO (1998)  

Chrysene  0.0020 mg/L at 25 °C  WHO (1998)  

 

B.1.4. Justification for grouping  

Numerous PAHs have been investigated for their carcinogenic potential and many PAHs 

share the same genotoxic mechanism of action, i.e. metabolic activation t o electrophilic 

dihydrodiol epoxides and/or quinones which are capable of covalent binding to DNA (WHO, 

1998). Consumers and workers exposed to PAH -containing rubber granules will not be 

exposed to a single PAH but will inevitably be exposed to complex mix tures of probably up 

to several hundred PAHs.  

The eight PAHs addressed by this dossier currently have a harmonised classification for 

carcinogenicity under the CLP regulation (Annex VI to Reg. (EC) No. 1272/2008). 

Furthermore, BaP and CHR are classified for mutagenicity and BaP also for toxicity to 

reproduction and skin sensitisation under the CLP regulation. Consequently, from the 

perspective of consumer and worker protection, highest priority should be given to the 

regulation of these eight substances in one group. Moreover, these eight PAHs have 

pre viously been the subject of a previous restriction dossier, as prepared by Germany 

(BAuA, 2010), focussing on establishing a concentration limit for PAHs in consumer 

products. The REACH-8 PAHs are included in Annex XVII entry 50 of REACH.  

In addition to th ose addressed in this dossier, clearly many more of the PAHs possibly 

contained in rubber granules may be genotoxic carcinogens (while others may not) and the 

reason for them not being listed in Annex VI to the CLP regulation may simply be that they 

have u p to now not been evaluated for their carcinogenicity.  

B.2. Manufacture and uses (summary)  

Please refer to Annex A . 
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B.3. Classification and labelling  

B.3.1. Classification and labelling in Annex VI of 
Regulation (EC) No 1272/2008 (CLP Regulation)  

Table B 1 : CLH Classification of the REACH -8 PAHs  

Name  CAS  CLH according 1272/2008  
(including possible SCLs and M - factors)  

Benzo[a]pyrene  50 -32 -8 Skin Sens. 1 (H317)  

Muta. 1B (H340)  
Carc. 1B (H350) (SCL: C Ó 0.01 %)  
Repro. 1B (H360FD)  
Aquatic Acute 1 (H400)  
Aquatic Chronic 1 (H410)  

Benzo[e]pyrene  192 -97 -2 Carc. 1B (H350)  

Aquatic Acute 1 (H400)  
Aquatic Chronic 1 (H410)  

Benzo[a]anthracene  56 -55 -3 Carc. 1B (H350)  
Aquatic Acute 1 (H400) (M=100)  
Aquatic Chronic 1 (H410)  

Dibenzo[a,h]anthracene  53 -70 -3 Carc. 1B (H350) (SCL: C Ó 0.01 %)  
Aquatic Acute 1 (H400) (M=100)  
Aquatic Chronic 1 (H410)  

Benzo[b]fluoranthene  205 -99 -2 Carc. 1B (H350)  
Aquatic Acute 1 (H400)  

Aquatic Chronic 1 (H410)  

Benzo[j]fluoranthene  205 -82 -3 Carc. 1B (H350)  
Aquatic Acute 1 (H400)  
Aquatic Chronic 1 (H410)  

Benzo[k]fluoranthene  207 -08 -9 Carc. 1B (H350)  
Aquatic Acute 1 (H400)  
Aquatic Chronic 1 (H410)  

Chrysene  218 -01 -9 Muta. 2 (H341)  
Carc. 1B (H350)  
Aquatic Acute 1 (H400)  

Aquatic Chronic 1 (H410)  
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B.3.2. Classification and labelling in classification and 
labelling inventory/ Industryôs self classification(s) 
and labelling  

The self - classifications written in italic  in the table below are additional when compared to 

the harmonised classifications according to EC Regulation 127 2/2008 . 

Table B 2 :  Self classification of the REACH -8 PAHs  

Name  CAS  Self - classification  

Benzo[a]pyrene  50 -32 -8 Skin Sens. 1 (H317)  
Muta. 1B (H340)  
Carc. 1B (H350)  

Repro. 1B (H360FD)  
Repro. 2 (H360)*  

Aquatic Acute 1 (H400)  
Aquatic Chronic 1 (H410)  
Aquatic Chronic 4 (H413)  

Benzo[e]pyrene  192 -97 -2 Carc. 1B (H350)  
Aquatic Acute 1 (H400)  
Aquatic Chronic 1 (H410)  

Benzo[a]anthracene  56 -55 -3 Carc. 1B (H350)  
Aquatic Acute 1 (H400)  
Aquatic Chronic 1 (H410)  

Dibenzo[a,h]anthracene  53 -70 -3 Carc. 1B (H350)  
Aquatic Acute 1 (H400)  
Aquatic Chronic 1 (H410)  

Benzo[b]fluoranthene  205 -99 -2 Carc. 1B (H350)  

Aquatic Acute 1 (H400)  
Aquatic Chronic 1 (H410)  

Benzo[j]fluoranthene  205 -82 -3 Carc. 1B (H350)  
Aquatic Acute 1 (H400)  

Aquatic Chronic 1 (H410)  

Benzo[k]fluoranthene  207 -08 -9 Carc. 1B (H350)  
Aquatic Acute 1 (H400)  
Aquatic Chronic 1 (H410)  

Chrysene  218 -01 -9 Muta. 2 (H341)  
Carc. 1A (H350)  

Carc. 1B (H350)  
Aquatic Acute 1 (H400)  
Aquatic Chronic 1 (H410)  

* it is noted that a Repro. 2 classification should correspond with a H361 hazard statement  

B.4. Environmental fate properties  

Not quantified for this dossier.  

B.5. Human health hazard assessment   

Hazards and risks of PAHs and PAH -containing materials were reviewed within various risk 

assessment frameworks and by various international committees (ATSDR (1995); EFSA 

(2008); IARC (2010, 2012); WHO (1998, 2003), Health Council of the Netherlands (2006), 

EU (2008)). Furthermore, Germany prepared in 2010 an Annex XV restriction report for 8 

PAHs in consumer products (BAuA 2010) . Recently, ECHAs Risk Assessment Committee 
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(RAC) established a dose - response relationsh ip for the carcinogenicity of coal tar pitch -  

high temperature (CTPHT) (EC HA 2017c ).  

These reports have assessed the animal and human toxicological data on PAHs in detail and 

it is not the goal of this dossier to redo those assessments.  

Given the targeting, primarily mutagenicity (section B.5.7. ) and carcinogenicity (section 

B.5.8. ) will be addressed, as well as toxicokinetics (section B.5.1. ).  

B.5.1. Toxicokinetics (absorption, metabolism, distribution 
and elimination)  

Extensive descriptions are available in the standard reviews, e.g. ATSDR (1995), EFSA 

(2008), EU (2008) and WHO (1998+2003).  

B.5.1.1. Absorption  

B.5.1.1.1  Oral  

Recently, RIVM (2016) evaluated, as part of their assessment of the product limit of PAHs in 

rubber articles, the available data on oral absorption. Based on this, RIVM (2016, 2017) 

selected an oral absorption fraction of 0.3 which will be used for current  evaluation as well. 

It is noted that this value will only be applied for route - to - route extrapolation (see section 

B.5.11. ), and the risk assessment will be based on an external dose metric. Below, a 

justification for this value is described (based on RIV M 2016).  

For experimental animals, the gastro - intestinal absorption of PAHs, especially BaP, is well 

documented. Absorption of (unbound) PAHs from the gastro - intestinal tract appears to vary 

per animal species. Table B 3  provides an overview of studies on oral bioavailability of PAH 

in different species. Oral absorption of BaP was reported to be 35 -99  % in rats, 12  % in 

goats and 30.5  % in pigs. It is known that the use of rodent models for human exposure 

assessment is limited by the physiological differenc es between rodents and primates (Zhang 

et al., 2013). In fact, no single animal can mimic the gastro - intestinal tract characteristics 

of humans. However, pig and human colon morphology appears similar (Zhang et al., 2013, 

Kararli, 1995). Furthermore, in th e pig study the PAHs were administered orally via milk, 

which is considered a relevant vehicle because it is likely that children playing outside and 

people playing sports are (semi - ) fed rather than fasted. For these reasons, an oral 

absorption fraction o f 0.3 (30  %) was assumed, based on the report by Cavret et al. 

(2003).  
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Table B 3 :  Overview of oral bioavailability studies (taken from: RIVM, 2016)  

PAH  Animal  Route of 
administration  

Bioavailability 
%  

Reference  

BaP  rat  Oral gavage  35 -99  %  Ramesh et al., 
(2004); as cited 
by EFSA (2008)  

Chrysene  Rat  Oral gavage  75 -87  %  Ramesh et al. 
(2004)  

BaP  Pig Orally via milk  30.5  %  Cavret et al. 
(2003)  

BaP  Goat  Oral gavage  12  %  Grova et al. 
(2002)  

BaP  Rat  Intraduodenal 
infusion  

30  %  Foth et al. (1988)  

BaP  Rat  Oral  gavage  10  %  Foth et al. (1988)  

BaP  Rat  Oral gavage  40  %  Ramesh et al. 
(2001)  

 

B.5.1.1.2  Dermal  

Recently, RIVM (2016) evaluated, as part of their assessment of the product limit of PAHs in 

rubber articles, the available data on dermal absorption. Based on this, RIVM (2016, 2017) 

selected a dermal absorption fraction of 0.2 which will be used for curr ent evaluation as 

well. It is noted that this value will only be applied for route - to - route extrapolation (see 

section B.5.11.) , and the risk assessment will be based on an external dose metric. Below, a 

justification for this value is described (taken fro m RIVM 2016).  

Studies investigating the dermal absorption fraction of PAHs in animals and humans have 

used soil or a solvent like acetone or ethanol as vehicle. Ruby et al. (2016) and Spalt et al. 

(2009) reviewed earlier investigations of dermal absorption  of BaP from soil. Figure B 1  

shows an overview of all available in vitro and in vivo dermal absorption data in both 

animals and humans with the vehicle soil or solvent (acetone or ethanol) (see Table B 4 for 

detailed information on the data). Dermal uptak e of BaP/PAHs from soil appears to be lower 

compared to the situation when acetone or ethanol was used as a vehicle (Figure B 1 ). In 

general, animal studies report percentages between 7 -100  % or 0 -65  % in solvent and soil 

respectively. Human studies report  percentages between 4 -78  % or 0 -27  % in solvent and 

soil respectively ( Figure B 1 ). In the current assessment, it is assumed that after diffusion to 

the skin, the PAHs are present on the skin in an unbound state, i.e.  not bound to soil, 

rubber or any othe r particles. Implicitly, it follows that absorption of unbound PAHs is more 

efficient compared to absorption of PAHs from soil, which first need to partition from the soil 

before they can be absorbed. Hence, the actual absorption fraction is probably large r than 

those empirically derived with soil as vehicle. On the other hand, it is assumed that applying 

PAHs in the presence of a solvent enhancing the absorption, overestimates the required 

absorption fraction. This is in agreement with BAuA (2010), who rep ort that the use of 

these highly lipophilic solvents may result in an overestimation of PAH migration rates. For 

this reason, an estimate of 20  % for dermal absorption was used in the present report, 

which is smaller than most empirical findings in humans using a solvent but larger than 

most findings using soil as a vehicle (Figure B 1 ).  
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Figure B 1 : Dermal absorption data based on literature in vitro and in vivo data in soil or solvent 
(acetone/ethanol). Circles indicate mean, - /+ indicate reported minimum and maximum values or are 
an approximation of the range obtained by taking mean - /+ 2SD (taken from: RIVM, 2016).  
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Table B 4 :  Detailed information on the dermal absorption data (this refers to BaP unless otherwise 
stated) as used for setting a der mal absorption fraction (taken from: RIVM, 2016).  

 Vehicle  Value %  Reference  

Human skin  Acetone  23.7  % ± 9.7  %  Wester et al. (1990)  

Rhesus monkey  Acetone  51  %(± 22)  Wester et al. (1990)  

Hairless guinea pig  Acetone  37  % (± 0.9)  Ng et al. (1992)  

Human Skin  Acetone  56.4  %(±10.59)  Moody et al. (2007)  
 

In vitro (rat, hairless  
guinea pig,human; 
Testskin;human  
 

 
 
 
 

 
 

In vivo rat and guinea 
pig  

Acetone, 
according to 
abstract  

In Vitro: 95± 9.6% (rat), 

51±3.0% (hairless guinea 

pig),  

43 ± 8.7% (human; 50 -

year -old)  

34±12.4% (Test  skin);  

23±5.3% (human; 32 -

year -old)  
 

In Vivo: 70±7.6% (rat)  

and 68±9.3% (guinea pig)  

Moody et al. (1995)  
 

Human skin  Soil  1.4 % ± 0.9  Wester et al. (1990)  

Rhesus monkey  Soil  13.2  % ± 3.4  Wester et al. (1990)  

 

Human Skin  Soil  14.8  % ± 6.17  Moody et al. (2007)  
 

In vitro human skin  Soil  Between ~0.3% and ~1.1  %  Roy and Singh (2001)  

 

Pig skin  Sand or Clay, 
pure BaP  

9.0 ± 0.4 ï  22.7 ± 1.3  Abdel -Rahman et al. 
(2000)  

In vitro human skin  Soil. aged  0.14 -  1.1  %  Stroo et al. (2005)  

In vitro pig skin  Pure, soil and 
aged soil  
 

Pure: 76±3.2  
Soil:8.5±0.9  
Soil : 3.5±0.5  

Aged soil: 3.7±0.5  
Aged soil:1.8±0.2  

Turkall et al. (2010)  

In vitro human skin  Soil  0.2 -6.5  %  Roy et al. (1998)  
 

In vitro and in vivo rat  1) BaP in crude 
petroleum  
2) Soil fortified 
with BaP in crude 

petroleum  

In Vitro, @24h  
1)  ~12  %  
2)  ~1  %  

In Vivo, @24h  

1)  5.5  % (se=1.4)  
2)  1.1  % (se=0.3)  

Yang et al. (1989)  

Vitro human (n=14) 
and guinea pig (n=5) 
skin  

Sediment  Guinea pig:  
Naphthalene: 59±15.5  
Phenanthrene:62±6.5  

BaP: 41±11.9  
Human:  
Phenanthrene:14±6.6  

Moody et al. (1995)  
 

 

The Dossier Submitter notes that the selected values for oral and dermal absorption differ 

from the ones used by ECHA (2017a, 2017c ). In their evaluation of the possible he alth risks 

of recycled rubber granules, ECHA (2017a) applied an oral absorption fraction of 0.5. 

Recently, ECHAs RAC, in their evaluation of a dose - response for carcinogenicity for CTPHT, 

proposed an oral absorption fraction of 1 and a dermal absorption fr action of 0.3 (ECHA, 

2017c ). As noted, the absorption fractions will be applied for route - to - route extrapolation 

(see section  B.5.11. ). As, in case of route - to - route extrapolation, a limited absorption for 
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the starting route and a high absorption for the r oute of interest would lead to a worst -case 

estimate, the Dossier Submitter considers, also taking into account the chemical -specific 

data on absorption, that an oral absorption fraction of 0.3 and a dermal absorption fraction 

of 0.2 would result in a real istic worst -case risk assessment.  Further, the Dossier Submitter 

notes that the assumptions made regarding the choice for absorption fractions may 

introduce some uncertainties, i.e. related to potential species -differences in absorption 

which has not been accounted for.  

B.5.1.1.3  Inhalation  

Occupational studies provide evidence that inhaled PAHs are absorbed by humans. Animal 

studies also show that pulmonary absorption of BaP occurs and may be influenced by carrier 

particles and solubility of the vehicle; however, the extent of absorption is not known 

(ATSDR, 1995). It is noted that ECHAs RAC assumed the default absorption from inhalation 

exposure of 100  % for both experimental animals and humans since quantitative data on 

the absorption of PAHs from CTPHT and CTPHT volatiles after inhalation exposure for 

humans are lacking (ECHA, 2017c ).  

B.5.1.2. Distribution  

Extensive summaries of the available data on distribution have been provided a.o. by 

ATSDR (1995), WHO (1998 or 2003), or EFSA 2008.  

A summary is provided by WHO (2003):  

ñIn laboratory animals, PAHs become widely distributed in the body following administration 

by any one of a variety of routes and a re found in almost all internal organs, particularly 

those rich in lipid (WHO, 1997). Maximum concentrations of BaA in perfused tissues (e.g. 

liver, blood, brain) were achieved within 1 ï2 hours after administration of high oral doses 

(76 and 152 mg/kg of b ody weight). In lesser perfused tissues (e.g. adipose and mammary 

tissue), maximum levels of this compound were reached in 3 ï4 hours (Bartosek et al., 

1984). In male Wistar rats receiving a gavage dose of 2 ï15 mg of [ 14C] -pyrene per kg of 

body weight, the fat had the highest levels of radioactivity, followed by the kidney, liver, 

and lungs (Withey et al., 1991). Orally absorbed DBAhA  in rats was also widely distributed 

to several tissues. After continuous oral administration of 0.5 µg of [ 3H]BaP daily to ma le 

rats for up to 7 days, the radioactivity persisted in liver, kidney, lung, and testis (Yamazaki 

& Kakiuchi, 1989). Orally administered BaP (200 mg/kg of body weight) has been shown to 

cross the placental barrier and has been detected in fetal tissues (2 .77 µg/g) (Shendrikova 

& Aleksandrov, 1974). Using 14C- tagged BaP, a BaP concentration 1 ï2 orders of magnitude 

lower in embryonic than in maternal tissues was determined after oral administration in 

mice (Neubert & Tapken, 1988). Differences in concentrati ons in the fetus among the 

various PAHs appeared to be highly dependent on the gastrointestinal absorption of the 

compound.ò 

B.5.1.3. Metabolism  

A short summary is provided in WHO (2003):  

ñThe metabolism of PAHs is complex. Generally, the process involves epoxidation of double 

bonds, a reaction catalysed by the cytochrome P -450 -dependent monooxygenase, the 

rearrangement or hydration of such epoxides to yield phenols or diols, respectively, and the 



Annex to Background Document to the Opinion on the Annex XV dossier proposing a 

restriction on Polycyclic -aromatic hydocarbons (PAHs)  

 

 

63  

conjugation of the hydroxylated derivatives. Reaction rates vary widely, and interindividual 

variations of up to 75 - fold have been observed, for example, with human macrophages, 

mammary epithelial cells, and bronchial explants from different donors. Most metabolism 

results in detoxification, but some PAHs in some s ituations become activated to DNA -

binding species, principally diol -epoxides, that can initiate tumours (WHO, 1997). Although 

the PAHs are similar, they have structural differences that are the basis for differences in 

metabolism and relative carcinogenici ty. The metabolism of the more carcinogenic, 

alternant (equally distributed electron density) PAHs, such as BaP, BaA, and DBAhA , seems 

to differ in some ways from that of non -alternant (uneven electron density distribution) 

PAHs, such as FA, BbFA, BkFA, Bj FA, IP [Indeno[1,2,3 -cd]pyrene] , BghiP 

[Benzo[ghi]perylene] , and PY (Phillips & Grover, 1994; ATSDR, 1995). In general, little is 

known about the metabolism of most PAHs, particularly in non - rodent species. It should be 

noted that there appear to be specie s differences in the enzymes that activate PAHs (Michel 

et al., 1995) and in the formation of DNA adducts (Kulkarni et al., 1986).ò 

It should be noted that metabolic activation is seen as a prerequisite for the carcinogenic 

potential of the PAHs covered by  this dossier, as has been extensively discussed in other 

reviews of PAH toxicity. See also section B.7. on mutagenicity below.  

B.5.1.4. Elimination  

Extensive summaries of the available data on elimination have been provided a.o. by ATSDR 

(1995), WHO (1998  or 2003), or EFSA 2008.  

A summary is provided by WHO (2003):  

ñPAH metabolites and their conjugates are excreted predominantly via the faeces and to a 

lesser extent in the urine. Conjugates excreted in the bile can be hydrolysed by enzymes of 

the gut flora  and reabsorbed. It can be inferred from available data on total body burdens in 

humans that PAHs do not persist for long periods in the body and that turnover is rapid. 

This excludes those PAH moieties that become covalently bound to tissue constituents, in 

particular to nucleic acids, and are not removed by repair (WHO, 1997). The excretion of 

urinary metabolites is a method used to assess internal human exposure of PAHs.ò 

B.5.2. Acute toxicity  

Not relevant for this dossier.  

B.5.3. Irritation  

Not relevant  for this dossier.  

B.5.4. Corrosivity  

Not relevant for this dossier.  

B.5.5. Sensitisation   

Not relevant for this dossier. Of the eight PAHs evaluated in this dossier, only BaP has a 

harmonised classification for skin sensitisation in Annex VI of CLP (cf. s ection B.3.1. ).  
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B.5.6. Repeated dosed toxicity  

Not relevant for this dossier.  

B.5.7. Mutagenicity  

Of the eight PAHs evaluated in this dossier, BaP and chrysene are classified for germ cell 

mutagenicity in category 1B and 2, respectively, according to Regu lation (EC) No 

1272/2008.  In addition, several international committees discussed the mutagenicity of 

these PAHs. The table below presents an overview.  
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Table B 5 :  Mutagenicity/carcinogenicity of polycyclic aromatic hydrocarbons: overall overview of regulatory evaluations  

Chemical  Mutagenicity  Carcinogenicity  
 EC 

1272/2008  

WHO/IPCS 

(1998)  

EC (2002)  FAO/WHO 

(2006)  

EC 1272/2008  IARC  

Benzo[a]pyrene  

(50 -32 -8)  

Muta. 1B  

(H340)  

Genotoxic  Genotoxic  

(positive results in vitro and in vivo for 
multiple end -points; positive also at germ 
cell level)  

Genotoxic, 

both in vitro 
and in vivo  

Carc. 1B (H350)  Group 1  

Benzo[e]pyrene  
(192 -97 -2)  

no  Genotoxic  Equivocal  
(mixed results in vitro, inconsistent results 

in vivo)  

-  Carc. 1B (H350)  Group 3  

Benzo[a]anthracene  
(56 -55 -3)  

no  Genotoxic  Genotoxic  
(positive results in vitro and in vivo for 
multiple end -points; positive also at germ 
cell level)  

Genotoxic, 
both in vitro 
and in vivo  

Carc.  1B (H350)  Group 2B  

Dibenzo[a,h]anthracene  
(53 -70 -3)  

no  Genotoxic  Genotoxic  
(positive results in assays in vitro and in 
vivo for multiple end -points)  

Genotoxic, 
both in vitro 
and in vivo  

Carc. 1B (H350)  Group 2A  

Benzo[b]fluoranthene  
(205 -99 -2)  

no  Genotoxic  Genotoxic  
(positive results in assays in vitro and in 
vivo for different end -points)  

Genotoxic, 
both in vitro 
and in vivo  

Carc. 1B (H350)  Group 2B  

Benzo[j]fluoranthene  
(205 -82 -3)  

no  Genotoxic  Genotoxic  
(positive results in assays in vitro and for 
DNA binding in vivo)  

Genotoxic, 
both in vitro 
and in vivo  

Carc. 1B (H350)  Group 2B  

Benzo[k]fluoranthene  

(207 -08 -9)  

no  Genotoxic  Genotoxic  

(positive results in assays in vitro and for 
DNA binding in vivo)  

Genotoxic, 

both in vitro 
and in vivo  

Carc. 1B (H350)  Group 2B  

Chrysene  
(218 -01 -9)  

Muta. 2 
(H341)  

Genotoxic  Genotoxic  
(positive results in vitro and in vivo for 
multiple end -points; positive also at germ 
cell level)  

Genotoxic, 
both in vitro 
and in vivo  

Carc. 1B (H350)  Group 2B  
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As noted above, metabolic activation is seen as a prerequisite for the carcinogenic potential 

of the PAHs covered by this dossier.  

The following description is taken from IARC (2010):  

ñPAHs are metabolized by phase I enzymes and peroxidases, which produce DNA - reactive 

metabolites, and phase II enzymes, which form polar conjugates. Phase I enzymes, such as 

cytochrome P450s, catalyse the mono -oxygenation of PAHs to form phenols and epoxides. 

Specific cytochrome P450 isozymes and ep oxide hydrolase can form reactive diol epoxides 

that comprise one class of ultimate carcinogenic metabolites of many PAHs. Both 

cytochrome P450s and peroxidases can form radical cations by one electron oxidation that 

comprise another class of ultimate carc inogenic metabolites. Further oxidation of PAH 

phenols leads to the formation of PAH quinones. The major cytochrome P450s that are 

involved in the formation of diol epoxides are 1A1, 1A2 and 1B1, while 2C9 and 3A4 play a 

minor role in the activation of PAH s. PAHs induce increased expression of activating 

cytochrome P450s via enhanced aryl hydrocarbon receptor -mediated transcription. 

Polymorphisms in human cytochrome P450s have been identified, some of which may be 

associated with increased susceptibility. A dditional enzymes that may play a role in the 

further activation of some PAH diols include members of the aldo -keto reductase family, 

among which polymorphisms that influence susceptibility have been identified. Nicotinamide 

adenine dinucleotide phosphate: quinone oxidoreductase 1 catalyses the reduction of PAH 

quinones to hydroquinones which may be re -oxidized and generate reactive oxygen species. 

Polymorphisms in this gene have also been described.  

The major phase II enzymes include the glutathione S - trans ferases, uridine 5Ź-diphosphate 

glucuronosyltransferases and sulfotransferases. The major glutathione S - transferases 

involved in the conjugation of PAH metabolites are M1, P1 and T1. Multiple polymorphisms 

of these as well as polymorphisms in both uridine 5Ź-diphosphate glucuronosyl -  and 

sulfotransferases have been identified, some of which can modulate susceptibility to cancer.  

The current understanding of the carcinogenesis of PAHs in experimental animals is almost 

solely based on two complementary mechan isms: those of the diol epoxide and the radical 

cation. Each provides a different explanation for the data observed in experimental animals.  

The diol epoxide mechanism features a sequence of metabolic transformations of PAHs, 

each of which leads to potenti ally reactive genotoxic forms. In general, PAHs are converted 

to oxides and dihydrodiols, which are in turn oxidized to diol epoxides. Both oxides and diol 

epoxides are ultimate DNA - reactive metabolites. PAH oxides can form stable DNA adducts 

and diol epox ides can form stable and depurinating adducts with DNA through electrophilic 

carbonium ions. The inherent reactivities of oxides and diol epoxides are dependent on 

topology (e.g. bay regions, fjord regions, cyclopenta rings), and the reactivity of diol 

epo xides is further dependent on factors such as stereochemistry and degree of planarity. 

Both stable and depurinating adducts are formed primarily with guanines and adenines, and 

induce mutations (e.g. in ras proto -oncogenes) that are strongly associated wit h the 

tumorigenic process. Some mutagenic PAH diols, oxides and diol epoxides are tumorigenic 

in experimental animals.  

One-electron oxidation creates radical cations at a specific position on some PAHs. The ease 

of formation and relative stabilities of rad ical cations are related to the ionization potential 

of the PAH. Additional important factors in the radical cation mechanism are localization of 

charge in the PAH radical cation and optimal geometric configuration, particularly the 
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presence of an angular ring. The radical cation mechanism results in the formation of 

depurinating DNA adducts with guanines and adenines, which generate apurinic sites that 

can induce mutations in ras proto -oncogenes, which are strongly associated with 

tumorigenesis.  

There is s trong evidence that the diol epoxide mechanism operates in the mouse lung 

tumorigenesis of many PAHs evaluated in this monograph. For some PAHs, there is strong 

evidence that both radical cation and diol epoxide mechanisms induce mouse skin 

carcinogenesis.  Many of the pathways that lead to PAH carcinogenesis involve genotoxicity, 

and the genotoxic effects of PAHs and their metabolites were included in the overall 

evaluation of each PAH discussed.  

The genotoxic effects of exposure to complex mixtures that co ntain PAHs have been studied 

in some populations exposed in industrial settings and in patients who undergo coal - tar 

therapy. Measured end -points include mutagenicity in urine and the presence of aromatic 

DNA adducts in the peripheral lymphocytes of expose d workers. In some studies, specific 

benzo[a]pyrene ïDNA adducts have been measured. Cytogenetic effects such as 

micronucleus formation have also been reported.  

Other mechanisms of carcinogenesis have been proposed for PAHs, but these are less well 

develope d. The ortho -quinone/reactive oxygen species mechanism features enzymatic 

oxidation of non -K- region PAH diols to ortho -quinones by aldo -keto reductases, and has 

been studied only in in -vitro systems. These PAH ortho -quinones are highly reactive towards 

DNA; they yield DNA adducts and damage DNA. PAH ortho -quinones induce mutations in 

the p53 tumour - suppressor gene in vitro; they can also undergo repetitive redox cycling 

and generate reactive oxygen species, which have been associated with oxidative DNA -base  

damage as well as the induction of pro -oxidant signals that may have consequences on 

growth. Reactive oxygen species can also be produced by other mechanisms such as the 

formation of PAH quinones through peroxidase reactions. Thus, this pathway has the 

potential to contribute to the complete carcinogenicity of a parent PAH.  

The mechanism of meso - region biomethylation and benzylic oxidation features 

biomethylation of parent PAHs to methyl PAHs. Methyl PAHs are further metabolized by 

cytochrome P450s to hydr oxymethyl PAHs that are converted into reactive sulfate ester 

forms that are capable of forming DNA adducts. Studies on this mechanism have been 

limited to subcutaneous tissues in rats that are susceptible to PAH tumorigenesis.  

Several of the biological ef fects of PAHs, such as enzyme induction of xenobiotic 

metabolizing enzymes, immunosuppression, teratogenicity and carcinogenicity, are thought 

to be mediated by activation of the aryl hydrocarbon receptor. This receptor is widely 

distributed and has been d etected in most cells and tissues. There is also evidence that the 

aryl hydrocarbon receptor acts through a variety of pathways and, more recently, that 

cross - talk with other nuclear receptors enables cell type -specific and tissue -specific control 

of gene expression. Translocation of the activated aryl hydrocarbon receptor to the nucleus 

may require threshold concentrations of the ligand. Various oxidative and electrophilic PAH 

metabolites are also known to induce enzyme systems via anti -oxidant receptor el ements. 

The biological effects of aryl hydrocarbon receptor and anti -oxidant receptor element 

signalling involve a variety of cellular responses, including regulation of phase I and II 

metabolism, lipid peroxidation, production of arachidonic acid - reactive  metabolites, 

decreased levels of serum thyroxine and vitamin A and persistent activation of the thyroid 
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hormone receptor. Aryl hydrocarbon receptor signalling may result in adaptive and toxic 

responses or perturbations of endogenous pathways. Furthermore,  metabolic activation of 

PAHs produces cellular stress. This in turn activates mitogenmediated protein kinase 

pathways, notably of Nrf2. The Nrf2 protein dimerizes with Mafoncoproteins to enable 

binding to an anti -oxidant/electrophilic response element, wh ich has been identified in many 

phase I/II and other cellular defence enzymes and controls their expression. Therefore, 

cellular stress may be regulated independently of aryl hydrocarbon receptor -mediated 

xenobiotic metabolizing enzymes.ò 

 ñPAHs must be metabolically activated in order to induce tumours. However, individuals 

differ in their ability to metabolize PAHs: people who are deficient in particular enzymes that 

activate PAHs to reactive metabolites may be at a lower risk for chemical carcinogenesis,  

whereas deficiencies in enzymes that detoxify reactive metabolites may increase this risk. 

Some of the epidemiological studies that have been conducted to date have shown positive 

relationships between genetic polymorphisms of drug -metabolizing enzymes an d 

susceptibility to cancer, while others have been inconclusive. Many factors, including race, 

age, sex, tobacco smoking, alcohol intake and genetic factors, could induce or inhibit drug -

metabolizing activities which indicates that a complex interaction ex ists. Multi -gene and 

exposure interactions may also play a complex role in the interpretation of any increases in 

risk.ò 

In conclusion, given the ability to induce genotoxic effects there is no threshold value below 

which no health risk exist for mutagenic  PAHs. 

B.5.8. Carcinogenicity  

The PAHs covered by this restriction proposal (benzo[a]pyrene (BaP), benzo[e]pyrene 

(BeP), benzo[a]anthracene (BaA), dibenzo[a,h]anthracene ( DBAhA ), benzo[b]fluoranthene 

(BbFA), benzo[j]fluoranthene (BjFA), benzo[k]fluoranthen e (BkFA) and chrysene (CHR)) are 

classified for carcinogenicity (category 1B) according Regulation (EC) No 1272/2008. These 

eight PAHs have also been classified by the International Agency for Research on Cancer as 

well (IARC (2010, 2012), see for details Table B 5 in previous section.  

Within the purpose of current restriction dossier it is not intended to re -evaluate the 

carcinogenic potential of the already classified eight PAHs. In fact, carcinogenicity studies 

were assessed with the main purpose of iden tifying the most suitable starting point(s) for 

the quantitative risk characterisation. Based on reviews by various international  committees 

(ATSDR ( 1995); EFSA (2008); IARC (2010, 2012); WHO (1998, 2003), Health Council of 

the Netherlands (2006), EU (2008 )), the previous Annex XV restriction report for 8 PAHs in 

consumer products prepared by BAuA (BAuA 2010) and the note on CTPHT by ECHAs RAC (  

ECHA, 2017c ), key studies  were selected and presented in the table below. Summaries of 

the key oral, dermal and i nhalation carcinogenicity studies are presented in sections 

B.5.8.1. , B.5.8.2. and B.5.8.3. , respectively.  
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Table B 6 : Overview of key studies for PAH -mixtures for the endpoint carcinogenicity .  

Species, strain, sex, 
no/group  

Test substance, duration of exposure  Reference  

ORAL    

Rat, Wistar  
52/sex/group  

BaP 
Vehicle: soybean oil  
Via gavage: 5 d/wk for 104 wk  

Kroese et al. 
(2001); Wester 
et al. (2012)  

Mouse, B6C3F1, 
female  
48/group  

1.  BaP 
2.  two coal tar mixtures containing various  

PAHs including BaP  
Via diet for 104 weeks  

Culp et al. 
(1998)  

Mouse, A/J, female  
 

30/group  

1.  BaP 
2.  PAH-rich manufactured gas plant residu  

Via diet for 104 weeks  

Weyand et al. 
(1995)  

DERMAL    

Mouse, NMRI, female  

 
100/group  
 

1.  BaP 

2.  a mixture of known carcinogenic PAHs ('C 
PAH', including BaP)  

3.  a mixture of PAHs not considered 
carcinogenic by the study authors ('NC 
PAH')  

4.  a combination of the latter two ('C PAH + 
NC PAH').  

Dermal (back area), twice weekly during entire 
lifespan  

Schmähl et al. 

(1977)  

Mouse, NMRI, female  
40/group  

BaP and other PAHs tested individually  
Dermal (dorsal skin in the interscapular area), 
twice weekly, during entire lifespan  

Habs et al. 
(1980)  

Mouse, NMRI, female  
20/group  

BaP and a condensate containing various PAHs  
Dermal, twice weekly, during entire lifespan  

Habs et al. 
(1984)  

Mouse, C3H/HeJ, male  
50/group  

BaP 
Dermal, twice weekly, 99 weeks  

Warshawsky and 
Barkley (1987)  

Mouse, SENCAR, male 

and female  
40/sex/group  

BaP and extracts of soot from various sources  

Dermal  
1×/we ek, 50 -52 weeks  

Nesnow et al. 

(1983)  

INHALATION    

Rat, Wistar, female  
72/group  

Coal tar pitch (aerosol)  
17 h/d, 5 d/wk fo 10 or 20 months; followed by 
a clean air period of up to 20 or 10 months, 
respectively.  

Heinrich et al. 
(1994)  

Mouse, NMRI/BR, 

female (newborns)  
40/group  

Coal tar pitch volatile aerosols  

Whole body  
16 h/d, 5 d/wk, 44 weeks  

Schulte et al. 

(1994)  

Hamster, Syrian 
golden, male  
25 -27/group  

BaP 
Nose only  
4.5 h/d, 7 d/wk, for the first 10 weeks, then for 

3 h/d for up to 2 years.  

Thyssen et al. 
(1981)  

 

B.5.8.1. Carcinogenicity: oral  

Three oral carcinogenicity studies were identified as key studies: one in rats with BaP 

exposure via gavage (Kroese et al. (2001); Wester et al. (2012)) and two in mice, each 

with both BaP -  as well as PAH-mixture exposure via the diet (Culp et al. (1998) and Weyand 

et al. (1995)).  
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B.5.8.1.1 Lifetime gavage study in rats: Kroese et al. (2001); Wester et al. (2012)  

A combined chronic and carcinogenicity study in Wistar rats clearly showed BaP to be a 

pot ent carcinogen upon chronic oral administration. Groups of male and female Wistar rats 

(n = 52/group) were administered oral doses of 0, 3, 10, or 30 mg BaP/kg bw/d by gavage 

(vehicle: soybean oil) on 5 days per week for 104 weeks. The most potent carcinog enic 

effects of BaP under these testing conditions were observed in the liver and forestomach, 

while for both organs a low spontaneous incidence was noted in this rat strain. Papillomas 

and carcinomas were observed in the forestomach, and adenomas and carc inomas in the 

liver of both female and male rats. Tumours were found at the lowest dose tested (3 mg/kg 

bw/d), though at a (borderline) non -significant incidence. Statistically significant incidences 

were observed at 10 mg/kg bw/d and above. Other tumours observed in this study were 

tumours of the auditory canal, skin and appendages, oral cavity, small intestine, kidney and 

soft tissue sarcomas.  

Liver tumours were also responsible for morbidity and the high mortality rate at the highest 

dose level in both s exes (100 % after about 70 weeks). Mortality was mainly due to 

sacrifice for humane reasons when rats became emaciated, often with distended abdomen 

in which frequently one or more palpable masses were present in the cranial area (liver). In 

control animal s, survival after 104 weeks was about 65 % and 50 % in males and females, 

respectively. The main cause of death in these animals was tumour development in the 

pituitary, which was consistent with earlier findings in historical controls of this laboratory 

(Kroese et al. (2001); Wester et al. (2012)).  

Table B 7 :  Incidences of tumours in liver and forestomach in male and female Wistar rats following 
treatment with pure BaP (5 days per week,  for 104 weeks) (Kroese et al. 2001; Wester et al. 2012 ) 

   Dose (mg/kg  bw/d)  
   0  3  10  30 a 

females        

Forestomach   examined  52  51  51  52  

Squamous cell papilloma  1 3 20***  25***  
Squamous cell carcinoma  0 3 10**  25***  

Liver   examined  52  52  52  52  

Hepatocellular adenoma  0 2 7*  1 
Hepatocellular carcinoma  0 0 32***  50***  

Auditory canal b   examined  0 1 0 20  
Squamous cell papilloma  0 0 0 1 

Carcinoma c 0 0 0 13**  

males        

Forestomach   examined  52  52  52  52  
Squamous cell papilloma  0 7*  18***  17***  
Squamous cell carcinoma  0 1 25***  35***  

Liver   examined  52  52  52  52  
Hepatocellular adenoma  0 3 15***  4 
Hepatocellular carcinoma  0 1 23***  45***  

Auditory canal b   examined  1 0 7 33  

Squamous cell papilloma  0 0 0 4 
Carcinoma c 0 0 2 19***  

a note that this group had a significantly shorter lifetime  
b these tissues were examined only when abnormalities were observed upon macroscopic examination  
c composite tumours of squamous and sebaceous cells apparently arisen from the pilosebaceous units / ñZymbal 

glandsò 

* p<0.01; ** p<0.001; *** p<0.00001, Fisher ôs exact test, analyses of tumour incidence of the auditory canal was 

based on n=52  
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B.5.8.1.2: Lifetime feeding study in mice: Culp et al. (1998)  

In a 2 - year carcinogenicity study, female B6C3F1 mice (n= 48/group) were fed pure BaP or 

two different coal t ar mixtures containing high amounts of several PAHs (Culp et al., 1998). 

Two additional groups of 48 mice each served as controls, one group was fed the standard 

diet, while the other was fed the standard diet treated with acetone in a manner identical to 

the BaP diets. The BaP diets were prepared by dissolving the appropriate amount of BaP in 

acetone and mixing the solution with the standard animal diet. The coal tar diets were 

prepared by freezing the coal tar mixtures in liquid nitrogen and blending with  the 

appropriate amount of standard animal diet. The homogeneity of the coal tar diets was 

determined by measuring the amount of BaP in the sample by HPLC. Coal tar (CAS No 

8007 -45 -2) mixture 1 was a standardised composite from seven manufactured gas plant  

waste sites and coal tar mixture 2 was a composite from two of the seven waste sites plus a 

third site having a very high BaP content. The PAH composition of the coal tar mixtures was 

assessed by gas chromatography/mass spectroscopy (see Table B 8). The B aP content was 

also analysed by high performance liquid chromatography (HPLC) with fluorescence 

detection and found to be 2240 ± 51 (mean ± SD, n=2) mg BaP per kg coal tar for coal tar 

Mixture 1 and 3669 ± 134 (n=4) mg BaP per kg coal tar for coal tar mixt ure 2.  

Table B 8 : Polycyclic aromatic hydrocarbon composition of coal tar mixtures  a 

Compound  Coal tar mixture 1  
(mg/kg)  

Coal tar mixture 2  
(mg/kg)  

Acenapthene  2049  1270  

Acenaphtylene  3190  5710  

Anthracene  2524  2900  

Benz[ a]anthracene  2374  3340  

Benzo[ b]fluoranthene  2097  2890  

Benzo[ k ]fluoranthene  699  1010  

Benzo[ g,h,i ]perylene  1493  2290  

Benzo[ a]pyrene  1837  2760  

Chrysene  2379  2960  

Dibenz[ a,h ]anthracene  267  370  

Dibenzofuran  1504  1810  

Fluoranthene  4965  6370  

Fluorene  3692  4770  

Indan  1133  490  

Indeno[1,2,3 -cd]pyrene  1353  1990  

1-methylnaphtalene  6550  5660  

2-methylnaphtalene  11289  10700  

Naphthalene  22203  32300  

Phenanthrene  7640  10100  

Pyrene  5092  7220  
a analyses are reported as the mean of three gas chromatography/mass spectroscopy analyses on a single sample 

of each mixture  

The BaP - treated animals (n=48/group) received BaP via the diet in concentrations of 0, 5, 

25 or 100 ppm (equivalent to doses of 0, 0.7, 3.6 or 14 mg/kg bw/d; assuming 1 mg/kg 

bw/d corresponds to 7 ppm for mice, cf. EFSA (2008)) for 2 years. In the same experiment, 

groups of 48 female B6C3F1 mice were fed diets containing 0, 0.01, 0.03, 0.1, 0.3, 0.6 or 

1.0  % coal tar mixture 1, which contained benzo[a]pyrene at a concentration of 2240 

mg/kg (equivalent to BaP doses 0.032, 0.096, 0.32, 0.96, 1.92 or 3.2 mg/kg bw/d), or 0, 

0.03, 0.1 or 0.3  % of coal tar mixture 2, which contained benzo[a]pyrene at a concentration 

of 3669 mg/kg (equivalen t to BaP doses of 0.16, 0.52 or 1.6 mg/kg bw/d).  
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Body weight and food consumption were evaluated. All mice, including those that died 

during the experiment, were examined grossly at necropsy. Organ weights were noted. A 

histopathological examination was ma de on the liver, lungs, small intestine, stomach, 

tongue and esophagus from all mice. In addition, a full histopathological examination was 

conducted on all animals in the following groups: 0.1, 0.3, 0.6 and 1.0  % coal tar mixture 

1; 0.03, 0.1 and 0.3  % co al tar mixture 2; 5, 25, and 100 ppm BaP and both control 

groups. All gross lesions found in mice in the other dose groups were also examined 

histopathologically.  

Food consumption, body weight and organ weights:  

Food consumption was monitored every week for the first 12 weeks on dose and every 4 

weeks thereafter. Mice fed 1.0  % coal tar Mixture 1 ate significantly less feed (~30  % less) 

than the control mice. Similarly, a significant decrease in food consumption was observed 

for mice fed 0.6  % coal tar Mi xture 1 (~25  % less) and 0.3  % coal tar Mixture 2 (~20  % 

less). Intermittent decreases in food consumption were observed in the other groups fed 

coal tar Mixtures 1 and 2, with the effect occurring more frequently as the dose was 

increased. The food consum ption of mice fed only BaP differed only sporadically from that of 

the control group.  

Mice fed 0.6  % and 1.0  % coal tar Mixture 1 weighed significantly less than the control 

group after two weeks of treatment. The body weights of the other groups of mice f ed coal 

tar Mixture 1 differed only sporadically from the control group throughout the entire 

experiment. Significant decreases in body weight were also observed in mice fed 0.3  % coal 

tar Mixture 2 and 100 ppm benzo[a]pyrene.  

Liver, kidney and lung weight s were determined in mice surviving to the end of the 

experiment. The livers of mice fed 0.3  % coal tar Mixture 1 or 0.3  % coal tar Mixture 2 

weighed ~40  % more than the control group, a difference that was significant. None of the 

other treatment groups s howed significant differences in liver weights. Mice fed 0.1  % coal 

tar Mixture 1 had decreased kidney weights compared to the controls. This trend was not 

evident at higher doses. Likewise, mice fed 0.03  % coal tar Mixture 1 had a significant 

decrease in lung weight. None of the other groups showed significant differences in lung 

weights.  

Morbidity and mortality:  

None of the mice fed 1.0  % coal tar Mixture 1 survived the treatment period. The early 

mortality rate for the mice fed 0.6  % coal tar Mixture 1 w as also 100  %. Only 10 mice (21  

%) in the 0.3  % coal tar Mixture 1 group survived to the end of the 2 - year treatment, a 

difference that was significant (P = 0.00006) from the control group. The survival for the 

mice in the 0.0, 0.01, 0.03 and 0.1  % coal ta r Mixture 1 dose groups was 65, 71, 69 and 63  

%, respectively.  

In mice fed coal tar Mixture 2, there was significantly (P = 0.00003) lower survival in the 

0.3  % dose group (15  %) as compared to the control group (65  %). The survival in the 

remaining two do se groups was similar to the control group.  

All of the mice fed 100 ppm BaP were removed from study due to morbidity or death. A 

significant (P = 0.0009) number of mice in the 25 ppm BaP dose group also died early. The 

percentage survival of mice fed 5 ppm  BaP (56  %) was similar to the control group.  
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Tumorigenicity:  

BaP 

Significantly increased incidences of papillomas and carcinomas were observed in the 

forestomach, oesophagus, and tongue. The increase in incidence of neoplasms was related 

to dose, with high statistical significance in the 25 and 100 ppm groups. See furth er Table B 

9 for details on the tumour incidences in the BaP - treated mice.  

Table B 9 : Incidences of neoplasms in female B6C3F1 mice fed BaP for 2 years (Culp et al., 1998)  

 BaP concentration (ppm) in diet  P-value for 
dose - related 
trend  

0  5  25  100  

Corresponding BaP dose (mg/kg bw/d) a 

0 0.7  3.6  14  

 incidences  
(%)  

 

Liver (hepatocellular adenomas)  2/48  
(4)  

7/48  
(15)  

5/47  
(11)  

0/45  
(0)  

NS c 

Lung ïalveolar/bronchiolar 
adenomas and/or carcinomas  

5/48  
(10)  

0/48  
(0)  

4/45  
(9)  

0/48  
(0)  

NS 

Forestomach ï papillomas and/or 
carcinomas  

1/48  
(2)  

3/47  
(6)  

36/46 b 
(78)  

46/47 b 
(98)  

<0.00001  

Esophagus ï papillomas and/or 
carcinomas  

0/48  
(0)  

0/48  
(0)  

2/45  
(4)  

27/46  b 
(59)  

0.0014  

Tongue -  papillomas and/or 
carcinomas  

0/48  
(0)  

0/48  
(0)  

2/46  
(4)  

23/48  b 
(48)  

0.0003  

Larynx -  papillomas and/or 

carcinomas  

0/35  

(0)  

0/35  

(0)  

3/34  

(9)  

5/38  

(13)  

0.014  

Hemangiosarcomas d  1/48  
(2)  

2/48  
(4)  

3/47  
(6)  

0/48  
(0)  

NS 

Histiocytic sarcomas e 2/48  

(4)  

2/48  

(4)  

1/47  

(2)  

0/48  

(0)  

NS 

Sarcomas  1/48  
(2)  

2/47  
(4)  

7/47  
(15)  

0/48  
(0)  

NS 

a BaP doses are calculated assuming 1 mg/kg bw/d = 7 ppm in the diet for a mouse (cf. EFSA (2008))  
b Significantly different ( P<0.05) from control group  
c NS=not significant  
d organs involved include liver, mesentery and spleen  
e organs involved include forestomach, glandular stomach, skin and skeletal muscle  

Coal tar mixtures  

Both coal tar mixtures induced a dose -dependent increase in tumours at various locations, 

i.e.  in the liver: hepatocellular adenomas and carcinomas, in the lung: alveolar/bronchiolar 

adenomas and carcinomas, in the forestomach: squamous epithelial papillomas and 

carcinomas, in the small intestine: adenocarcinomas, histiocytic sarcomas, and, 

furthermore, haemangiosarcomas in multiple organs, and sarcomas. See further Table B 10  

for details on the tumour incidences in the coal tar mixture - treated mice.  

Lowest concentrations resulting in a statistically significantly increased tumour incidence 

was 0.3  % for mixture 1 and 0.1  % for mixture 2.  

Schneider et al. (200 2) used the original, unpublished raw data from Culp and co -workers in 

order to establish the total number of tumour -bearing animals at each dose level for the 

coal tar mixture - treated animals. The results can be found in Table B 11 .  
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This study indicated that BaP alone induced only tumours of the alimentary tract, whereas 

the coal tar mixtures also induced liver and lung tumours.  
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Table B 10 : Incidences of neoplasms in female B6C3F1 mice fed coal tar mixtures I and II for 2 years (C ulp et al., 1998)  

 Mixture  Coal tar concentration (%)  P- value for dose -
related trend  

0.0  0.01  0.03  0.1  0.3  0.6  1.0   

Incidences  
(%):  

 

Liver  -  hepatocellular adenomas and/or 
carcinomas  

1 0/47  
(0)  

4/48  
(8)  

2/46  
(4)  

3/48  
(6)  

14/45 a 
(31)  

1/42  
(2)  

5/43  
(12)  

0.007  

2 0/47  
(0)  

_ b 7/47  
(15)  

4/47  
(9)  

10/45 a 
(22)  

_ _ 0.0004  

Lung ïalveolar/bronchiolar adenomas 
and/or carcinomas  

1 2/47  
(4)  

3/48  
(6)  

4/48  
(8)  

4/48  
(8)  

27/47 a 
(57)  

25/47 a 
(53)  

21/45 a 
(47)  

<0.00001  

2 2/47  
(4)  

_ 4/48  
(8)  

10/48 a 
(21)  

23/47 a 
(49)  

_ _ <0.00001  

Forestomach ï papillomas and/or 
carcinomas  

1 0/47  
(0)  

2/47  
(4)  

6/45  
(13)  

3/47  
(6)  

14/46 a 
(30)  

15/45 a 
(33)  

6/41  
(15)  

<0.00001  

2 0/47  

(0)  

_ 3/47  

(6)  

2/47  

(4)  

13/44 a 

(30)  

_ _ <0.00001  

Small intestine -  adenocarinomas  1 0/47  
(0)  

0/46  
(0)  

0/45  
(0)  

0/47  
(0)  

0/42  
(0)  

22/36 a 
(61)  

36/41 a 
(88)  

<0.00001  

2 0/47  
(0)  

_ 0/47  
(0)  

0/47  
(0)  

1/37  
(3)  

_ _ NS c 

Hemangiosarcomas d 1 1/48  
(2)  

0/48  
(0)  

1/48  
(2)  

1/48  
(2)  

11/48 a 
(23)  

17/48 a 
(35)  

1/45  
(2)  

<0.00001  

2 1/48  
(2)  

_ 1/48  
(2)  

4/48  
(8)  

17/48 a 
(35)  

_ _ <0.00001  

Histiocytic sarcomas  1 1/48  
(2)  

0/48  
(0)  

0/48  
(0)  

1/48  
(2)  

7/48  
(15)  

5/48  
(10)  

0/45  
(0)  

<0.00001  

2 1/48  
(2)  

_ 3/48  
(6)  

2/48  
(4)  

11/48 a 
(23)  

_ _ 0.00003  

Sarcomas e 1 1/48  
(2)  

4/48  
(8)  

3/48  
(6)  

2/48  
(4)  

7/48  
(15)  

1/48  
(2)  

2/45  
(4)  

0.006  

2 1/48  
(2)  

_ 0/48  
(0)  

4/48  
(8)  

5/48  
(10)  

_ _ 0.003  

a significantly different ( P<0.05) from control group  
b not tested  
c NS=not significant  
d organs involved include skin, mesentery, mesenteric lymph nodes, heart spleen, urinary bladder, liver, uterus, thoracic cavit y, ovary and skeletal muscle  
f organs involved include mesentery, forestomach, skin and kidney  
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Table B 11 : Number of tumour -bearing animals in coal tar mixture treated groups (A:  coal tar 

mixture 1, B: coal tar mixture 2). Analysis by Schneider et al. (2002), based on the study of Culp et 

al. (1998 ).  

A 

Coal tar 
mixture 

concentration 
in food (%)  

0 0.01  0.03  0.1  0.3  0.01  1 

BaP daily dose 
per animal 
(mg/kg bw/d) 
a 

0 0.032  0.096  0.32  0.96  1.92  3.2  

Tumour -
bearing 
animals (%) b 

5/48  
(10)  

12/48  
(25)  

14/48  
(29)  

12/48  
(25)  

40/48  
(83)  

42/48  
(88)  

43/48  
(90)  

a as calculated assuming 1 mg/kg bw/d corresponds to 7 ppm for mice  
b calculated using individual animal data for tumours of the liver, lung, forestomach, small intestine, 

hemangiosarcomas, histiocytic sarcomas and sarcomas of the mesentery, forestomach, s kin and kidney.  

B 

Coal tar 
mixture 
concentration 
in food (%)  

0 0.03  0.1  0.3  

BaP daily dose 
per animal 
(mg/kg bw/d) 
a 

0 0.16  0.52  1.1  

Tumour -
bearing 
animals (%) b 

5/48  
(10)  

17/48  
(35)  

23/48  
(48)  

44/48  
(92)  

a as calculated assuming 1 mg/kg bw/d corresponds to 7 ppm for mice  
b calculated using individual animal data for tumours of the liver, lung, forestomach, small intestine, 

hemangiosarcomas, histiocytic sarcomas and sarcomas of the mesentery, forestomach, sk in and kidney.  

 

It is noted that this study of Culp et al. (1998) and the analysis of Schneider et al. (2002) 

were used by EFSA (2008) as basis for dose response modelling (BMDL calculation). BMD 

modelling was performed on the total number of tumour -bearing animals. The two tested 

coal tar mixtures did not produce significantly different dose - response curves and therefore 

the data were combined by EFSA (2008). However, the results for the animals receiving the 

two highest doses of coal tar mixt ure 1 were omitted due to premature death of all animals 

in these dose groups. In addition to using only BaP as marker for the carcinogenic PAHs, 

EFSA explored additionally the use of PAH2 (benzo[a]pyrene and chrysene), PAH4 

(benzo[a]pyrene, chrysene, benz o[a]anthracene, benzo[b]fluoranthene) and PAH8 

(benzo[a]pyrene, chrysene, benzo[a]anthracene, benzo[b]fluoranthene, 

benzo[k]fluoranthene, benzo[ghi]perylene, dibenz[ah]anthracene, indeno[1,2,3 -cd]pyrene). 

The US EPA BMD software (BMDS) was used for modelli ng the total tumour -bearing animals 

and BMD 10  and BMDL 10  values were calculated. The  Table B 12  below presents the BMDL 10-

values for BaP, PAH2, PAH4 and PAH8. It is noted that the EFSA PAH8 differs from the eight 

PAHs under current evaluation (i.e. REACH-8 PAH, see for details section B.5.8.5. ).  
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Table B 12 :  BMDL10  for BaP, PAH2, PAH4 and PAH8 (calculated by EFSA (2008)) based on total 

tumour -bearing animals in the 2 -year carcinogenicity study on coal tar mixtures by Culp et al. 
(1998).  

Marker  BMDL 10  (mg/kg 
bw/d)  

BaP 0.07  

EFSA PAH2 0.17  

EFSA PAH4 0.34  

EFSA PAH8 0.49  

 

B.5.8.1.3. Lifetime feeding study in Weyand et al. (1995)  

In another study, groups of female A/J mice (n=30/group) were used for a similar feeding 

experiment with pure BaP and a PAH- rich manufactured gas plant residue. This mouse 

strain was chosen because of its sensitivity to chemical induction of pulmonary adenomas. A 

negative control group was fed the basal gel diet. In addition, a non - treated group of mice 

and a group dosed wi th vehicle only were fed with a NIH -07 pellet diet and used as negative 

controls. A further group served as positive control and was administered pure BaP (100 

mg/kg) by i.p. injection in 0.25 mL of tricaprylin. After the last exposure day (= after 260 

day s of diet administration), the animals were sacrificed and their lungs and stomach 

removed for histology (Weyand et al., 1995).  

In this study, the test item was denominated as 'Manufactured Gas Plant Residue' (MGP). 

MGPs, commonly also referred to as coal tar, are waste by -products formed in large 

quantities during coal gasification. It is noted that the BaP -content of MGP is similar to the 

BaP-content of the one designated ócoal tar mixture 2' by Culp et al. (1998, cf. above). 

BaP 

BaP was fed at concentrat ions of 16 or 98 ppm in the diet, resulting in an ingested amount 

of 40.6 or 256.6 ȉg BaP/day/mouse (according to study authors), respectively (equivalent 

to doses of 1.624 or 10.264 mg BaP/kg bw/d, respectively, assuming a 25 g bodyweight). 

The survival r ate for both treatment groups was 25/30 and 27/30, respectively. In the 

control group 21/30 mice survived to the end of the study. Increased numbers of tumours 

in the forestomach and the lung were induced after treatment with pure BaP in feed for 260 

days at both concentrations. In Table B 13 , the incidence of forestomach and lung tumours is 

presented.  

Table B 13 :  Incidences of forestomach and lung tumours in female A/J mice fed pure BaP for 260 
days (Weyand et al. (1995)).  

 BaP conc in food (ppm)  

0  16  98  

BaP intake (mg/kg bw/d)  

0 1.624  10.264  

Forestomach  0/21 (0  %)  5/25 (20  %) *  27/27 (100  %) *  

Lung  4/21 (19  %)  9/25 (36  %) *  14/27 (52  %) *  

* significantly different (p<0.05) from control, determined by x2 test  
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MGP 

MGP, which contained BaP at a concentration of 2760 mg/kg (as determined by GC -MS), 

was given at concentrations of 0.1 or 0.25 % in the diet, resulting in ingested amounts of 

6.9 or 16.3 ȉg BaP/mouse/d  (according to study authors), respectively, (equivalent to 

doses of 0.276 or 0.652 mg BaP/kg bw/d, assuming a 25 g bodyweight). The survival rate 

for both treatment groups was 27/30 and 29/30, respectively. Treatment with MGP induced 

development of tumours in the lung. No local tumours in the forestomach were noted. The 

effect of MGP ing estion on the development of lung tumours is given in  Table B 14 . 

Table B 14 :  Incidences of lung tumours in female A/J mice fed MGP for 260 days (Weyand et al. 

(1995)).  

 MGP conc in food (%)  
 0  0.10  0.25  

 BaP intake (mg/kg bw/d)  

 0 0.276  0.652  

Lung  4/21 (19  %)  19/27 (70  %) *  29/29 (100  %) *  

* significantly different (p<0.05) from control, determined by x2 test  

 

B.5.8.2. Carcinogenicity: dermal  

Five dermal carcinogenicity studies were identified as key studies: one in NMRI mice using 

BaP and PAH-mixtures (Schmahl et al., 1977), two studies in NMRI mice using pure BaP and 

individual PAHs or a condensate containing various PAHs, respectively (Habs et al., 

1980+1984), a study in C3H/HeJ mice using pure BaP (Warshawsky and Barkley, 1987) and 

final ly a study in SENCAR mice using pure BaP and extracts of soot from various sources 

(Nesnow et al., 1983).  

B.5.8.2.1 Dermal lifetime study in mice (Schmähl et al., 1977)  

The carcinogenic action of PAH mixtures predominantly found in condensates of automobil e 

exhaust were studied in this study. A total of four different test items was administered: 

pure BaP, a mixture of known carcinogenic PAHs ('C PAH', including BaP), a mixture of PAHs 

not considered carcinogenic by the study authors ('NC PAH'), and a combi nation of the 

latter two ('C PAH + NC PAH').  

Female NMRI mice were dermally exposed (back area) to these test items (dissolved in 0.02 

mL acetone) twice weekly for their entire lifespan. Concentrations were adjusted in a way 

that treated animals of the BaP , C PAH, and C PAH + NC PAH groups received 1.0, 1.7, or 

3.0 µg BaP (corresponding to 0.04, 0.068, or 0.12 mg BaP/kg bw/d, assuming a 25 g 

bodyweight) regardless of the test item used. For the NC PAH group, concentrations were 

used which corresponded to th e proportions (by weight) of the respective PAHs relative to 

BaP as encountered in real - life exhaust gas condensates. In order to be able to register 

possible weak effects, higher doses of NC PAH were given. In addition, a concurrent control 

group was trea ted with the vehicle acetone alone.  Table B 15  presents an overview of the 

doses applied.  
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Table B 15 : Doses (in µg) applied in skin dropping experiments, in relation to benzo[a]pyrene 
(Schmähl et al., 1977).  

Controls       

Acetone   as solvent     

Benzo[a]pyrene   1.0  1.7  3.0   

C PAH       

Benzo[a]pyrene   1.0  1.7  3.0   

Dibenz[a,h]anthracene   0.7  1.2  2.1   

Benz[a]anthracene   1.4  2.4  4.2   

Benzo[b]fluoranthene   0.9  1.5  2.7   

 total  4.0  6.8  12.0   

NC PAH       

(benzo[a]pyrene   1.0  3.0  9.0  27.0)  

Phenanthrene   27.0  81.0  243.0  729.0  

Anthracene   8.5  25.5  76.5  229.5  

Fluoranthene   10.8  32.4  97.2  291.5  

Pyrene   13.8  41.4  124.2  372.6  

Chrysene   1.2  3.6  10.8  32.4  

Benzo[e]pyrene   0.6  1.8  5.4  16.2  

Benzo[ghi]perylene   3.1  9.3  27.9  83.7  

 total  65.0  195.0  585.0  1755.0  

C PAH + NC PAH       

(benzo[a]pyrene   1.0  1.7  3.0)   

Total C PAH   4.0  6.8  12.0   

Total NC PAH   65.0  110.5  195.0   

Total C PAH + NC PAH   69.0  117.3  207.0   

 

Relation of C PAH: NC PAH is constantly 1:16.25  
 

   

 

The test articles were administered to the shaved skin of mice until the natural death of the 

animals or until the animals developed a tumour. At the start of the study, each dose group 

consisted of 100 animals, but spontaneous deaths and autolysis reduced the total number 

of an imals examined in each group (Schmähl et al., 1977).  

Lifetime exposure of female NMRI mice to 1.0, 1.7, and 3.0 µg BaP/animal from various 

mixtures produced a dose - related increase in carcinomas and other tumours of the skin at 

the site of application. In Table B 16  the  findings are presented in detail.  
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Table B 16 : Incidencens of skin tumours ( percentages  in brackets) in female NMRI mice topically 

administered PAHs 2 d/wk for their entire lifespan (Schmähl et al., 1977)  

Pure BaP:   

dose (µg)  0  1.0  1.7  3.0   

Skin carcinoma  0/81  

(0  %)  

10/77  

(13  %)  

25/88  

(28  %)  

43/81  

 (53  %)  

 

Any skin tumour  1/81  
(1  %)  

11/77  
(14  %)  

25/88  
 (28  %)  

45/81  
 (56  %)  

 

C PAH:   

dose (µg) a,b  0  4.0  6.8  12.0   

Skin carcinoma  0/81  
(0  %)  

25/81  
(31  %)  

53/88  
(60  %)  

63/90  
(70  %)  

 

Any skin tumour  1/81  
(1  %)  

29/81  
(36  %)  

57/88  
(65  %)  

65/90  
(72  %)  

 

      

NC PAH:   

dose (µg) a,c  0  65.0  195.0  585.0  1755.0  

Skin carcinoma  0/81  
(0  %)  

1/85  
(1  %)  

0/84  
(0  %)  

1/88  
(1  %)  

15/86  
(17  %)  

Any skin tumour  1/81  
(1  %)  

1/85  
(1  %)  

0/84  
(0  %)  

1/88  
(1  %)  

16/86  
(19  %)  

      

C PAH + NC PAH:   

dose (µg) a,b  0  69.0  117.3  207.0   

Skin carcinoma  0/81  
(0  %)  

44/89 (49  
%)  

54/93  
(58  %)  

64/93  
(69  %)  

 

Any skin tumour  1/81  
(1  %)  

46/89  
(52  %)  

57/93  
(61  %)  

65/93  
(70  %)  

 

 

a dose refers to the complete PAH mixture  
b dose of individual PAHs are related to 0, 1.0, 1.7 and 3.0 µg BaP  
c dose of individual PAHs are related to 0, 1.0, 3.0, 9.0 and 27.0 µg BaP  

 

The results given in the above table show clearly that PAH mixtures containing BaP and 

certain other PAHs will cause a higher incidence of neoplasms when administered at the 

same BaP exposure level.  

In this study, induction of local tumours was observed at all tested concentrations. The 

lowest tested concentration of 1.0 ȉg BaP/animal was equivalent to 0.04 mg BaP/kg bw/d 

(assuming a 25 g bodyweight).  

B.5.8.2.2 Dermal lifetime study in mice (Habs et al., 1980)  

In a dermal lifetime study, pure BaP and other PAHs (benzo[b]fluoranthene, 

benzo[j]fluoranthene, benzo[k]fuoranthen e, indeno[1,2,3 - cd]pyrene, cyclopentadieno -

[cd]pyrene, coronene) were tested with regard to local carcinogenicity by topical application 

to mouse skin. Groups of female NMRI mice (n=40) were topically administered 2d/wk for 

up to 130 weeks (except for coro nene wit a 4d/wk frequency), with the individual PAHs 

dissolved in acetone (or DMSO in case of coronene). Table B 17  presents  an overview of the 

applied dose levels. Controls received the vehicle alone. The solutions were applied by 

topical dropping to the clipped dorsal skin in the interscapular area. Each application 

comprised 0.02 mL. All experimental animals were checked twi ce daily and the occurrence 

of tumours at the site of application was recorded. Animals at an advanced stage of 
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macroscopically clearly infiltrative tumour growth were killed prior to their natural death 

(Habs et al., 1980).  

Table B 17 : Dose levels of the individual PAHs tested topically on mice (Habs et al., 1980)  

PAH  solvent  Individual dose 

(µg/animal/day)  

Frequency 

of 

application  

  I  II  III   

Benzo[a]pyrene  acetone  1.7  

 

2.8  4.6  2d/wk  

Benzo[b]fluoranthene  acetone  3.4  5.6  9.2  2d/wk  

Benzo[j]fluoranthene  acetone  3.4  5.6  9.2  2d/wk  

Benzo[k]fuoranthene  acetone  3.4  5.6  9.2  2d/wk  

Indeno[1,2,3 - cd]pyrene  acetone  3.4  5.6  9.2  2d/wk  

Cyclopentadieno - [cd]pyrene  acetone  1.7  6.8  27.2  2d/wk  

Coronene  DMSO 5.0  15.0   4d/wk  

 

A clear dose - response relationship could be established for the carcinogenic activity of pure 

BaP at the site of application. Control animals did not develop tumours at the site of 

application. Study results are summarised  in Table B 18 .  

Table B 18 : Incidence of skin tumours in female NMRI mice top ically administered with various PAHs 
(Habs et al., 1980). See Table B 15  for  details on the applied dose levels  

 Animals with local tumours  

incidence  percentage  Age standardized 
tumour 

frequencies (%)  

Acetone   0/35  0 0.0  

DMSO   0/36  0 0.0  

Benzo[a]pyrene  I  8/34  23.5  24.8  

 II  24/35  68.6  89.3  

 III  22/36  61.1  91.7  

Benzo[b]fluoranthene  I  2/38  5.3  4.6  

 II  5/34  14.7  14.0  

 III  20/37  54.1  65.4  

Benzo[j]fluoranthene  I  1/38  2.6  1.6  

 II  1/35  2.9  2.6  

 III  2/38  5.3  3.5  

Benzo[k]fuoranthene  I  1/39  2.6  1.7  

 II  0/38  0.0  0.0  

 III  0/38  0.0  0.0  

Indeno[1,2,3 - cd]pyrene  I  1/36  2.8  1.4  

 II  0/37  0.0  0.0  

 III  0/37  0.0  0.0  

Cyclopentadieno -

[cd]pyrene  

I  0/34  0.0  0.0  

II  0/35  0.0  0.0  

 III  3/38  7.9  11.0  

Coronene  I  1/39  2.6  3.1  

 II  2/40  5.0  6.1  

It is noted that the lowest tested concentration of 1.7 µg BaP/animal topically administered (2d/wk) for up to 130 

weeks was associated with a significant increase in local tumours in female NMRI mice. Also benzo[b]fluoranthene 

induced local tumour formation. Th e dose of 1.7 µg BaP/animal is equivalent to 0.068 mg/kg bw/d (assuming a 

body weight of 25 g).  
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B.5.8.2.3 Dermal lifetime study in mice (Habs et al., 1984)  

In a third life - time study, the carcinogenicity of condensates of the seed of Citrullus 

colocynthis  was examined. See Table B 19  for  details on the PAH -content of this 

condensate. BaP was used as positive control. Groups of female NMRI mice were treated 

2d/wk with 2 or 4 µg BaP/mouse in acetone or 15 or 60 µg condensate/mouse 

(corresponding to 78 or 312 pg BaP/mouse) and one solvent ïtreated control, each group 

containing 20 animals. The individual dose in the control group was 0.01 mL acetone. The 

solutions (0.01 mL) were applied by topical dropping to the clipped dorsal skin in the 

interscapular area twi ce a week for life. All animals were monitored twice daily and the 

occurrence of skin tumours was recorded. Animals in an advanced stage of macroscopically 

clearly invasive tumour growth were killed, all other animals were observed until their 

natural deat h (Habs et al., 1984).  

Table B 19 : Concentration of PAHs in a condensate of Citrullus colocynthis seed used (Habs et al., 

1984).  

PAH  Concentration (µg/g)  

Benz[a]anthracene  9.2  

Chrysene and triphenylene  13.0  

Fluoranthene  28.1  

Pyrene  30.4  

Benzofluoranthene (b+j+k)  6.7  

Benzo[e]pyrene  3.8  

Benzo[a]pyrene  5.2  

Perylene  1.0  

Indeno[1,2,3 -cd]pyrene  1.6  

Benzo[ghi]perylene  1.7  

Anthanthrene  0.6  

 

Treatment was tolerated without signs of acute or subacute toxicity. Weight development in 

test compound - treated mice did not differ from that in controls. Mean survival time was 691 

(95  % CI: 600 -763) days in the acetone control, 648 (440 -729) days in the 2 µg 

BaP/mouse, 528 (480 -555) days in the 4 ȉg BaP/mouse groups, 572 (407-644) in the low 

dose condensate group and 611 (430 -673) in the high dose condensate group.  

BaP was found to be clearly carcinogenic in both tested concentrations. No skin tumours 

were seen in vehicle controls. The carcinogenic activity of BaP and the tested condensate 

after ch ronic epicutaneous application to female NMRI mice is presented in Table B 20 . 
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Table B 20 : Incidences of skin tumours in female NMRI mice topically administered with BaP for 
2d/wk (Habs et al., 1984).  

Treatment  Number (%) of animals with skin tumours  

 total  papillomas  Carcinomas  

Control  0 (0)  0 (0)  0 (0)  

BaP-  low dose  9 (45)  2 (10)  7 (35)  

BaP ï high dose  17 (85)  0 (0)  17 (85)  

Condensate ï low dose  1 (5)  0 (0)  1 (5)  

Condensate -   high dose  5 (25)  2 (10)  3 (15)  

 

In summary, the lowest topically administered concentration of 2 µg BaP/mouse to female 

NMRI mice throughout their lifetime induced statistically significant skin tumours in 9/20 

animals (45  %). The concentration of 2 µg BaP/animal is equivalent to 0.08 mg/kg bw/d 

(assuming 25 g bodyweigh t).  

B.5.8.2.4 Dermal lifetime study in mice (Warshawsky and Barkley 1987)  

In a further study, relative carcinogenic potencies of three combustion products of fossil 

fuels (including BaP and two N-heterocyclic compounds 7H -dibenzo[cg]carbazole and 

dibenz[aj ]acridine) were compared in carcinogenicity mouse skin bioassays (skin painting 

studies). In the exposure groups, 50 male C3H/HeJ mice were treated twice a week with a 

0.025 % solution of the tested compounds (12.5 µg compound/animal delivered in 50 µl of 

acetone) applied to the interscapular region of the back for up to 99 weeks. The animals of 

the control group were treated with 50 µL of distilled acetone twice weekly. Hair from the 

backs of mice was removed with electric clippers at least two days before  the first treatment 

and every two weeks after the first treatment. During the course of the experiment animals 

were observed twice daily (Warshawsky and Barkley 1987).  

Table B 21 : Incidences of skin tumours in male C3H/HeJ mice (Warshawsky and Barkley, 19 87).  

 No. mice 
examined  

No. mice with 
malignant 

tumours  

No. mice with 
benign tumours 

(only)  

Average 
latency 

period 
(wks)  

No treatment  50  0 0 -  

Acetone  50  0 0 -  

0.025  % dibenz[aj]acridine  50  22  3 80.3  

0.025  % 7H -
dibenzo[cg]carbazole  

50  47  1 36.6  

0.025  % BaP  50  47  1 32.4  

 

Male C3H/HeJ mice administered with 12.5 µg BaP/animal for 99 weeks produced skin 

tumours in 48/50 mice. While in one instance a benign tumour was found, tumours were 

malignant in all other cases. The mean latency period in the BaP-group was 32.4 weeks.  

Assuming a body weight of 30 g/male mouse, the concentration of 12.5 µg BaP/animal is 

equivalent to 0.417 mg/kg bw/d.  
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B.5.8.2.5 Dermal 52 -week mouse study (Nesnow et al. 1983)  

Nesnow et al. (1983) studied carcinogenic risks following skin exposure of mice to extracts 

of soots of various sources, namely coal chimney soot, coke oven materials, industrial 

carbon black, oil shale soot, and gasoline vehicle exhaust materials. Also pure BaP was 

tested. This study also addressed tum our initiation and tumour promotion activity of the 

extracts and BaP. Below only the data of the complete carcinogenesis protocol (i.e. 

evaluation of the production of tumours after repeated application of a carcinogen of up to 1 

year) are described.  

Male and female SENCAR mice (40/sex/group) were treated topically 1/week (or twice 

weekly for the highest dose level). Samples of soot extracts or BaP were administered in 0.2 

ml acetone for 50 to 52 weeks. Four agents were examined for their ability to act as 

complete carcinogens, i.e. BaP, coke over main extract, roofing tar extract, and gasoline 

vehicle exhaust extract.  

Weekly application of 50.5 µg BaP produced a carcinoma incidence of greater than 93  %, 

with almost one carcinoma per mouse. Higher doses did not increase the tumour 

multiplicity. No carcinomas were observed in the control animals. The coke oven main 

sample also produced a strong complete carcinogen response in both male and female mice. 

Male mice seemed to be more sensitive; 98  % of the males b ore approximately one 

carcinoma, while only 75  % of the females responded. The roofing tar sample produced a 

significant response only at the highest dose applied (4 mg/mouse/week), with 25  % to 28  

% of the mice bearing tumours. The gasoline vehicle exhaus t extract was essentially 

inactive as a complete carcinogen at the doses applied. The results are presented in  Table B 

22 / Table B 23 . 

Table B 22 : Tumours observed following administration of BaP to SENCAR mice in the complete 
carcinogenesis protocol (Nesno w et al., 1983)  

Dose BaP 
(µg/mouse/week)  

sex  Mice with carcinomas 
(%) a 

0 M 0 

0 F 0 

12.6  M 10  

12.6  F 8 

25.2  M 63  

25.2  F 43  

50.5  M 93  

50.5  F 98  

101  M 80  

101  F 90  

202  M 80  

202  F 93  
a Cumulative score after one year  
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Table B 23 : Tumours observed  following administration of coke oven main extract, roofing tar 

extract, and gasoline vehicle exhaust extract to SENCAR mice in the complete carcinogenesis protocol 
(Nesnow et al., 1983)  

Dose extract 
(µg/mouse/week)  

sex  Mice with carcinomas a 

Coke over 
main  

Roofing 
tar  

Gasoline 
vehicle  

100  M 5 0 0 

100  F 5 0 0 

500  M 36  0 0 

500  F 30  0 0 

1000  M 48  3 0 

1000  F 60  0 0 

2000  M 82  3 0 

2000  F 78  8 0 

4000  M 98  25  3 

4000  F 75  28  5 
a Cumulative score after one year  

It is noted that this skin painting experiment with BaP (in acetone as solvent) of Nesnow et 

al. (1983) and the analysis of Knafla (2011) were used by ECHAs RAC as basis for 

establishing a dose - response relationship for the dermal route for the carcinogenicity of coal 

tar pitch -  high temper ature ( ECHA 2017c ).   

B.5.8.3. Carcinogenicity: inhalation  

Three inhalation carcinogenicity studies were identified as key studies: one study with 

exposure to coal tar pitch aerosol in rats (Heinrich et al., 1994), one with exposure to coal 

tar pitch aeroso l in mice (Schulte et al., 1994) and one with exposure to BaP in hamsters 

(Thyssen et al., 1981).  

B.5.8.3.1  Chronic inhalation study in rats (Heinrich et al., 1994)  

In a chronic inhalation study, female Wistar rats were exposed to coal tar pitch (CTP) 

aer osol in order to estimate lifetime unit lung cancer risk for BaP. A total of five 

experimental groups, each consisting of 72 females, seven weeks of age at the start of the 

experiment, were used in this inhalation study. Two different concentrations of CTP  aerosol 

were used, 1.1 and 2.6 mg/m 3, which contained a.o. 20 and 46 µg BaP/m 3, respectively. 

The concentrations of some other particle -bound and gaseous PAHs, as they occurred in the 

2.6 mg CTP/m 3 exposure atmosphere, are listed in Table B 24 .  
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Table B 24 : Concentration of some particle -bound and gaseous PAHs in the exposure chamber 
containing 2.6 mg CTP aerosol/m 3 (Heinrich et al., 1994).  

PAHs and PAH - related 
compound  

Concentration of particle -
bound PAHs (µg/m 3 )  

Concentration of gaseous 
PAHs (µg/m 3 )  

Acenapthene   38  

Acenaphtylene   9 

Anthracene  11  3 

Benz[a]anthracene  58   

Benzo[a]fluorene  20   

Benzo[a]pyrene  46   

Benzo[b]fluorene  23   

Benzo[c]phenanthrene  7  

Benzo[e]pyrene  39   

Benzo[g,h,i]fluoranthene  8  

Benzo[g,h,i]perylene  27   

Benzofluoranthenes  93   

Benzonaphthothiophene  12   

Carbazole  6  

Chrysene  59   

Coronene  7  

Cyclopenta[d,ed]phen.  8 1 

Dibenzofurane   14  

Dibenzothiophene  3 2 

Fluoranthene  87  1 

Fluorene   17  

Indeno[1,2,3 -c,d]pyrene  29   

Methylbiphenyl   7 

Methyldibenzofurane   5 

Methylfluorene   3 

Perylene  11   

Phenanthrene  50  13  

Pyrene  67   

Animals were exposed to filtered clean air or the aerosols of CTP, free of any carbon black 

carrier particles, for 17 hours per day, 5 days per week for 10 or 20 months, followed by a 

clean air period of up to 20 or 10 months, respectively. Thus, the total experimental time 

for all groups was 30 months. The mass median aerodynamic diameter of the CTP aerosol 

was 0.5 ȉm (Heinrich et al., 1994). 

 

A clear dose -depende nt increase in lung tumour incidence was observed. Most tumours 

were classified as keratinising squamous cell tumours, but also some bronchio -alveolar 

adenomas and adenocarcinomas were found. The incidence of lung tumours in female rats 

chronically exposed  to the aerosols of CTP is given in Table B 25 .  

Table B 25 :  Incidences of lung tumours in female Wistar rats chronically exposed to CTP by 
inhalation (related to BaP concentrations) (Heinrich et al., 1994).  

CTP aerosol 

(mg/m 3 )  

BaP 

(µg/m 3 )  

Exposure 

(months)  

Post 

exposure 
(months)  

Cumulative 

exposure (mg 
BaP/m 3  x h)  

Lung tumour 

incidence  

0 0 0 30  0 0/72 (0  %)  

1.1  20  10  20  71  3/72 (4.2  %)  

1.1  20  20  10  142  24/72 (33.3  %)  

2.6  46  10  20  158  28/72 (38.9  %)  

2.6  46  20  10  321  70/72 (97.2  %)  
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When compared to controls, increased mortality rates were observed in the groups exposed 

to 2.6 mg/m 3 CTP aerosol (46 µg/m 3 BaP) for 10 or 20 months. In particular, the animals 

exposed for 20 months had to be sacrificed because of the development of large, multiple 

tumours in the lung. No lung tumours were found in control animals.  

In summary, the lowest tested concentration o f 1.1 mg/m 3 CTP containing 20 µg/m 3 BaP, 

was associated with a significantly increased tumour response in the lung after exposure for 

10 (4.2  %) or 20 months (33.3  %) in female Wistar rats.  

B.5.8.3.2  Long - term inhalation study in new -born mice (Schulte et  al., 1994)  

In a long - term inhalation study, new -born female NMRI/BR mice were used to study 

carcinogenic effects of PAH - rich exhausts. The use of new -born animals was explained by 

their lower spontaneous lung tumour incidence and greater susceptibility to  tumour 

induction. Exposure started at the first day after birth. The animals (n=40/group) were 

exposed to filtered room air or coal tar pitch volatile aerosols (mass median aerodynamic 

diameter, MMAD of 0.55 ± 0.03 µm), containing 50 or 90 µg BaP/m 3 (0.05  or 0.09 mg/m 3), 

for 16 hours per day, 5 days per week during 44 exposure weeks. The PAH - rich exhaust 

was produced by pyrolysing preheated (80 °C) coal tar pitch under a nitrogen atmosphere 

at 750 -800 °C, which was then diluted with fresh air and was trans ferred into the exposure 

chambers. BaP served as the lead compound for standardising the exposure concentrations. 

The animals of the control group were exposed to filtered room air (Schulte 1994).  

The number of surviving mice at termination of the experime nt was slightly lower in the 

PAH- rich exhaust exposure groups [50 µg/m 3: 38/40 (95 %); 90 µg/m 3: 35/40 (87.5  %)] 

as compared to controls [39/40 (97.5  %)], but average lifetime was nearly the same in all 

groups (44.2 -  44.4 weeks).  

Results of the macroscopi c and microscopic analysis of the lung clearly demonstrated that 

exposure to PAH - rich exhausts caused a dose -dependent increase in lung tumours. As in the 

previous study, tumours in organs other than the lung were not investigated. Bronchiolo -

alveolar aden omas were observed in all mice exposed to 50 or 90 µg BaP/m 3 BaP (40/40 

each) as compared to 5/40 in the control group. Bronchiolar -alveolar adenocarcinomas had 

developed in 10/40 and in 33/40 mice (see detailed study results in Table B 26 ).  

Table B 26 :  Macrospcopic and microscopic results of long - term exposure of female NMRI/BR mice to 
PAH-rich exhausts (Schulte et al., 1994))  

Exposure 
(µg 

BaP/m 3 )  

Lung 
cancer 

mortality 
abs. (%)  

Average 
no. of 

nodules 
per 

lung  

Number 
of 

adenomas 
abs. (%)  

Number of 
adenocarcinomas 

abs. (%)  

No. of 
squamous 

cell 
carcinomas 

abs. (%)  

No. of 
adenosquamous 

carc.  

0  0/40  0.1  5/40 (12.5  
%)  

0/40  0/40  0/40  

50  1/40  
(2.5 %)  

24.7  40/40 ***  
(100  %)  

10/40 **  
(25  %)  

0/40  0/40  

90  4/40 
(10.0 %)  

37.1  40/40 ***  
(100  %)  

33/40 ***  
(82.5  %)  

6/40 *  
(15  %)  

1/40  
(2.5  %)  

Note: *, p<0.05; **, p<0.01; ***, p<0.001 (compared to controls, pair wise Fisher test).  
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The lowest tested concentration of PAH -enriched exhaust containing 50 µg BaP/m 3, was 

associated with a significant increase in lung adenomas and a dose -dependent increase in 

malignant lung tumours for female NMRI/BR mice exposed for 44 weeks (5 d/wk, 16 h/d).  

B.5.8.3.3  Chronic inhalation study in hamsters (Thyssen et al., 1981)  

In another chronic inhalation study, groups of male Syrian golden hamsters (n = 25 -27) 

were exposed by inhalation to BaP concentrations of 2.2, 9.5, and 46.5 mg/m 3 air for 4.5 

h/d, 7 days/week for the first 10 weeks, then for 3 h/d for up to 2 years. Exposure  was by 

nose breathing only. The total average dose of BaP per animal was 29, 127, and 383 mg, 

respectively. Controls were exposed to aerosol with 240 ȉg NaCl/m3 air. The particle sizes 

were reported to be within the respirable range: more than 99 % of the  BaP particles had 

diameters between 0.2 and 0.5 ȉm, and over 80 % were between 0.2 and 0.3 ȉm (Thyssen 

et al., 1981).  

The chronic inhalation study in hamsters provides clear -cut evidence of a dose - response 

relationship between inhaled BaP particles and re spiratory tract tumourigenesis. Survival 

time was significantly decreased from 96 weeks for controls to 59.5 weeks for animals in 

the 46.5 mg/m 3 BaP exposure group; survival times were not altered in the other exposure 

groups. Respiratory tract tumours were induced in the nasal cavity, pharynx, larynx, and 

trachea in hamsters exposed to 9.5 or 46.5 mg BaP/m 3. Exposure - related tumours were 

also fou nd in the oesophagus and forestomach following exposure to 9.5 or 46.5 mg/m 3 

(presumably as a consequence of mucocilliary particle clearance and swallowing of 

particles). These tumours were papillomas, papillary polyps, and squamous cell carcinomas. 

No res piratory tract tumours and no upper digestive tract tumours were found in the 

controls and in animals exposed to 2.2 mg BaP/m 3.  

In contrast to lung tumours observed in rats and mice, no BaP - related tumours were found 

in the lungs of hamsters. An overview o f tumour incidences in hamsters exposed to BaP is 

presented in Table B 27 .  

Table B 27 :  Incidence of tumours in male Syrian golden hamsters after long - term exposure to BaP 
(Thyssen et al. 1981)  

 Conc (mg BaP/m 3 )  
 0  2.2  9.5  46.5  

Nasal cavity  0/27  0/27  12/26 (12  %)  1/25 (4  %)  

Larynx  0/27  0/27  8/26 (31  %)  13/25 (52  %)  

Trachea  0/27  0/27  1/26 (4  %)  3/25 (12  %)  

Pharynx  0/27  0/27  6/26 (23  %)  14/25 (56  %)  

Oesophagus  0/27  0/27  0/26 (0  %)  2/25 (8  %)  

Forestomach  0/27  0/27  1/26 (4  %)  1/25 (4  %)  

Tumour incidence  
(all tumours)  

52  %  63  %  77  %  60  %  

No. of 

tumours/tumour 
bearing animals  

1.1  1.3  1.7  2.5  

 

In male Syrian golden hamsters long -term inhalation exposure to Ó 9.5 mg/m3 BaP induced 

tumours in the respiratory and the upper digestive tract. It is noted that survival was 

drastically reduced in the high concentration group.  
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B.5.8.4. Carcinogenicity: human data  

Information as presented below is taken primarily from the EU RAR  (2008), the restriction 

dossier on eight PAHs in consumer products (BAuA, 2010) and the RAC note on CTPHT 

(ECHA 2017c ).  

Already in the 19th century , reports on the induction of cancer in persons occupationally 

exposed to combustion products containing PAH s have been published. Evidence that 

mixtures of PAHs are carcinogenic to humans is primarily derived from occupational studies 

of workers following inhalation and dermal exposure. No data were located regarding cancer 

in humans following inhalation of ind ividual PAH compounds. Exposure of humans to PAHs is 

characterised by a mixture of these compounds and other substances in either occupational 

or environmental situations. For oral exposure to single PAHs or PAH mixtures in humans no 

adequate long - term dat a are available.  

There is a large body of epidemiological studies of PAH -exposed workers, especially in coke 

ovens and aluminium smelters supporting a clear excess of lung cancer, and highly 

suggestive of an excess of bladder cancer. Skin cancer in man is well known to have 

occurred following exposure to poorly refined lubricating and cutting oils. The 

epidemiological studies include cohort and case -control studies with various PAH - rich 

sources. Exposure ïresponse relationships for occupational PAH exposure and cancer in 

humans have been reviewed by several working groups of IARC (2010), US EPA (1984), 

WHO (1987, 1998, 2000, and 2003), and by the UK Health and Safety Executive (HSE, 

Armstrong et al., 2003, 2004). In addition to these evaluations by internatio nal committees, 

several additional studies have been published (Armstrong et al., 2009; Boffetta et al., 

1997; Bosetti et al., 2007; Costantino et al., 1995; Mastrangelo et al., 1996; Moolgavkar et 

al., 1998). All of them confirm that heavy occupational ex posure to mixtures of PAHs entails 

a substantial risk of lung, skin, or bladder cancer. BaP has been chosen as a lead compound 

for carcinogenic PAHs, although the limitations and uncertainties of the approach were 

recognised. The epidemiological data relev ant for this report are summarised in the 

following section.  

In the 1980s, IARC reviewed numerous epidemiological studies on PAH -exposed workers 

whose occupational exposure was assessed on the basis of type of employment or industrial 

process involved. Giv en the long latency between first exposure and cancer, these workers 

were exposed mainly during the first half of the century, when data on industrial hygiene 

were scarce. A definite risk of cancer was found in workers employed in the coke (lung 

cancer), a luminium (lung and bladder cancer), and steel industries (lung cancer), which 

were subsequently considered Group 1 carcinogens along with coal tar pitch, untreated and 

mildly treated mineral oils, and soot. On the other hand, inconsistencies between studie s, 

lack of control of confounding factors, potential bias, and uncertainty regarding a dose -

response relationship precluded any definitive conclusions for other occupational settings: 

roofers and asphalt workers, mechanics exposed to engine exhaust, bus an d truck drivers, 

railroad workers, and excavator operators exposed to diesel exhaust in mines and tunnels 

(IARC 1983, 1984, 1985, 1989). These evaluations were updated in 2010 and further 

confirmed in 2012 and included also occupational exposure during coa l gasification, coal tar 

distillation, paving and roofing with coal - tar pitch, and occupational exposure as a chimney 

sweep as Group 1 carcinogens (IARC 2010, 2012).  
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An increased risk of lung cancer among coke -oven workers was used for the quantitative 

ris k assessment of PAHs with BaP as the lead substance in the Air Quality Guidelines for 

Europe (WHO 1987, 2000) and the current EU air limit for PAHs (EU 2001). According to 

WHO (1987), a strongly increased risk of death from cancer of the respiratory system  had 

been demonstrated among workers at coke ovens in Allegheny County, Pennsylvania, USA, 

for 1953 ï1970, especially in top -oven workers (relative risk [RR] = 6.6 ï15.7 for 300 

topside, full - time workers, divided into different categories according to the y ears of 

exposure). WHO (1987) further refers to a risk assessment by the US EPA in 1984 which 

applied a linearised multistage mathematical model to the individual exposure estimates, 

thereby generating an upper -bound risk estimate expressed in terms of ben zene -

extractable material. The US EPA estimate was converted in terms of BaP levels by 

assuming a 0.71  % content of BaP in the benzene extract, thus estimating the lung cancer 

risk from a lifetime exposure to PAHs in ambient air at 8.7 × 10 ï5 per ng BaP/m 3 (WHO 

1987, 2000).  

Armstrong 2003, 2004  

The meta -analysis on lung and bladder cancer risk following PAH -exposure and funded by 

the UK HSE (Armstrong 2003, 2004) is described in more detail in this section. For the 

inhalation route, the meta -analysis of Arm strong et al. (2003, 2004) is considered to 

provide a robust, appropriate and reliable basis for assessment of the inhalation exposure. 

Moreover, it is noted that recently dose - response relations for lung (and bladder) cancer for 

workers were developed by ECHA ( 2017c ), using the URR  from this meta -analysis, in 

combination with a more recent value for reference lifetime risk based on the latest data on 

incidence of lung and bladder cancer from the year 2012 being available for most of the 

EU28 countries. See  further section B.5.11.  

This study of Armstrong (2003, 2004) was well -performed and quantified the relationships 

between occupational PAH exposure and lung and bladder cancer. This meta -analysis 

combined studies conducted in the industries that share (alm ost exclusive) exposure to 

PAHs. By combining a much larger body of data, the risk estimates become statistically 

much more stable. The meta -analyses included 39 occupational cohorts (35 cohorts, one 

case-cohort and three nested case -control samples from w ithin a cohort) exposed to PAHs 

for which risk estimates for lung cancer could be estimated and 27 cohorts for which risk 

estimates were published for bladder cancer. Only epidemiological studies on occupational 

exposure by inhalation were included. Biomar ker studies, studies only reporting proportional 

cancer analyses, non -English publications and non -primary research papers (e.g. reviews) 

were excluded. Studies in which PAH was considered unlikely to be the predominant lung or 

bladder carcinogen (because of the presence of other known, possibly confounding tissue 

specific carcinogenic substances, e.g. in workplaces including those in the rubber industry 

and foundries and those involving exposure to diesel exhaust) were excluded as well. Also 

studies for wh ich assessment of exposure was not possible (e.g. case -control and registry 

studies) were excluded. To avoid double counting of information from the same workforce 

reported in several papers, only the last reported results were included.  

The cohorts included in the meta -analysis were occupationally exposed to PAHs in  

several industries (aluminium smelting, carbon anode plants, asphalt, and tar distillation, 

coke ovens, coal gas production and carbon black production), where the main cause of 

cancer in duction is their exposure to PAHs. Although it is likely that the composition (PAH 

profile) and therefore the carcinogenic potential of the exposures is not exactly similar 
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across industries, deriving a statistically stable risk estimate based on all PAH -exposed 

cohorts is still considered superior to deriving industry -specific but very uncertain estimates. 

In a meta -analysis, exposures have to be defined as the same metric on the same scale.  

The underlying studies, however, showed a substantial variation i n exposure definition, 

ranging from no explicit definition to quantitative assessment of exposure to BaP. Exposures 

were measured as BaP, as a proxy (benzene -soluble matter, total PAHs, carbon black) that 

could be converted to BaP, or no measure of exposur e. For the studies lacking information 

on exposure, the authors defined supplementary estimates for exposure to BaP for each 

industry/workgroup combination, based on available published exposure estimates in the 

same industries. Furthermore, the exposure v ariables were converted to cumulative 

exposure (duration × time -weighted mean concentration), if necessary. Where risk by 

cumulative exposure was not published, it was derived as the product of mean estimated 

concentration of exposure in each group for whi ch risk was reported and the mean duration 

of exposure in that group. In absence of information on duration of exposure, 20 years was 

assumed, representing the average found in studies for which the duration was reported.  

Concerning studies with cumulative  exposure, the mean cumulative exposure in each group 

or the midpoint of interval was chosen as an estimate for the average cumulative BaP 

exposure. Overall, the cumulative exposure in the highest exposure groups ranged across 

three orders of magnitude, fr om 0.75 to 805 µg BaP /m 3 -years (å average air 

concentration of 0.04 to 40 µg/m 3 BaP).  

In the meta -analyses, relative risks (RRs) were estimated for each study for a benchmark 

exposure level of 100 ȉg/m3 year cumulative BaP, in which 100 µg/m 3 BaP -years 

corresponds to a concentration of 2.5 µg BaP/m 3 over 40 years. The authors had chosen 

this benchmark level such that it was comprised within the exposure ranges of the studies 

included in the meta -analyses. These Unit Relative Risks (URRs) were estimated b y fitting 

an exposure - risk model to the data with Poisson regression. For determining URR two 

models were used: the log - linear relative risk model (exponential) as normally used in 

epidemiological studies and meta -analyses [RR=exp(b loglin x)] and the linear  relative risk 

model (RR)=1+b linx), where ñxò is the cumulative exposure (Õg/m3 years) and ñbò is the 

slope of the exposure - risk relationship. Meta - regression was applied to assess the impact of 

study characteristics on the final risk estimate.  

-  Lung cancer  

There were 39 cohorts for which risk estimates were published for lung cancer. An overall 

relative risk estimate (URR) of 1.20 (95  % confidence interval (CI): 1.11 -1.29) per unit of 

100 ȉg/m3 - year cumulative BaP exposure was calculated for lung cancer. T his implies that 

the risk for lung cancer was 20  % higher in workers exposed to 100 ȉg/m3 - year cumulative 

BaP (~ 40 years exposure to an average concentration of 2.5 ȉg/m3 BaP). In a meta -

analysis, it is common practice to investigate whether the data fro m the studies included 

are sufficiently in agreement with each other by testing for heterogeneity. In the current 

meta -analysis, a statistically significant heterogeneity in URRs between the individual 

studies was observed, indicating that some studies (ma inly the smallest, i.e.  least precise 

studies) had deviating estimates. Nevertheless, statistical significant heterogeneity was 

observed between industry groups, but not between and within the major contributing 

groups, i.e.  coke ovens, gas works and alumi nium smelters. Meta - regression analysis 
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revealed that the URR for coke ovens, gas works and aluminium smelters were consistent 

and relatively precisely estimated (combined URR 1.17, 95  % CI: 1.12 -1.22).  

For other characteristics (such as study design, regi on or type of exposure measurement) 

no statistically significant heterogeneity was detected.  

Although limited, information on total dust exposure did not suggest that dust exposure was 

an important confounder or effect modifier.  

A requirement for establish ing and quantifying an association between PAH exposure and 

lung cancer is that confounding due to other risk factors of lung cancer, such as smoking, 

are unlikely to explain the results. Confounding can arise from smoking habits that differ 

between the ex posed and unexposed groups. In general, in occupational epidemiological 

studies the effect is limited, but unpredictable, as there is no systematic and consistent 

association between exposure and smoking (unlike studies on e.g. lifestyle and cancer, 

where smoking is always prevalent in persons with the least healthy lifestyle habits). 

Regarding the meta -analysis of Armstrong et al. (2003, 2004), only in four out of 39 studies 

(mainly nested case -control studies from cokes ovens and aluminium smelters) in th e meta -

analysis for lung cancer, adjustment of risk estimates for confounding due to smoking was 

performed; the meta -analysis observed borderline statistically significant higher estimates 

for the studies adjusted for smoking than for those that had not (U RR = 1.31, 95  % CI: 

1.16 -1.48 versus 1.16, 95  % CI: 1.11 -1.21, respectively). Failure to adjust for smoking in 

the majority of the studies is, if anything, therefore more likely to underestimate than to 

overestimate the true risk estimate. This higher risk  estimated from studies that did control 

for smoking prove at least that the risk of cancer is not always overestimated when no 

adjustment is made.  

-  Bladder cancer  

There were 27 cohorts for which risk estimates were published for bladder cancer. An 

overall relative risk estimate (URR) of 1.33 (95  % confidence interval: 1.16 -1.52) per unit 

of 100 ȉg/m3 - year cumulative BaP exposure was calculated for bladder cancer (Armstrong 

et al. 2003, 2004). Although the results support a PAH -bladder cancer association, t his 

finding was less robust than that for lung cancer. Only for the aluminium production 

industry was the evidence for an association strong. On the other hand the data from the 

other industries were weak rather than negative -  and were compatible with a g eneric PAH 

risk of the same magnitude per unit BaP across cohorts. In addition, it cannot be excluded 

that bladder cancer is induced by other substances (not PAHs), which are suspected to be 

specific bladder carcinogens (e.g., 2 -naphthylamine), and are fou nd in the types of 

industries under investigation.   

Overall, the meta -analysis supports the conclusions of previous reviews that lung cancer 

and bladder cancer are associated with PAH exposure. On average, relative risk predicted 

for lung cancer at 100 µg /m 3 BaP -years (URR) was 1.20 (95  %CI:1.11 -1.29), but this 

varied significantly across industries. Coke ovens (1.17; CI:1.12 -1.22), gasworks (1.15; 

CI:1.11 -1.20), and aluminium production (1.16; CI:1.05 -1.28) were slightly lower than the 

mean, and asphalt (17.50; CI:4.21 -72.78) and chimney sweeping (16.2; CI:1.64 -160.7) 

were much higher but imprecisely estimated. There was also an association of PAHs with 

bladder cancer (mean URR=1.33; 95  %CI: 1.16 -1.52, no significant heterogeneity), but this 

finding was l ess robust than that for PAH - lung cancer, being largely dependent on two 
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studies of aluminium production workers. The overall URR represents risk at fairly common 

exposures historically, but high for today.  

Further studies  

In a continuative study, the expo sureïresponse function associating PAH exposure and lung 

cancer, with consideration of smoking, was estimated (Armstrong et al., 2009). Mortality, 

occupational exposure and smoking histories were ascertained for a cohort of 16431 

persons (15703 men and 728  women) who had worked in one of four aluminium smelters in 

Quebec from 1950 to 1999. A variety of exposure ïresponse functions were fitted to the 

cohort data using generalised relative risk models. In 677 lung cancer cases there was a 

clear trend of increa sing risk with increasing cumulative exposure to PAH measured as BaP. 

A linear model predicted a relative risk of 1.35 (95 % CI 1.22 to 1.51) at 100 µg/m -3 BaP -

years, but there was a significant departure from linearity in the direction of decreasing 

slop e with increasing exposures. Among the models tried, the best fitting were a two -knot 

cubic spline and a power curve (RR= (1+bx) p), the latter predicting a relative risk of 2.68 at 

100 µg/m -3 BaP years. Additive and multiplicative models for combining risk s from 

occupational PAHs and smoking fitted almost equally well, with a slight advantage to the 

additive. Despite the large cohort with a long follow -up, the shape of the exposure ï

response function and the mode of combination of risks due to occupational P AHs and 

smoking remain uncertain. If a linear exposure ïresponse function is assumed, the 

estimated slope is broadly in line with the estimate from a previous follow -up of the same 

cohort (Armstrong et al., 1994) and somewhat higher than the average found i n a recent 

meta -analysis of BaP exposed populations in a variety of industries (Armstrong et al., 2003, 

2004).  

In another review, the results from cohort studies conducted on workers exposed to PAHs in 

several industries, including those of the aluminium p roduction, coal gasification, coke 

production, iron and steel foundries, coal tar and related products, carbon black and carbon 

electrodes production, were evaluated, with a focus on cancers of the respiratory and 

urinary tract (Bosetti et al., 2007). The main results from cohort studies conducted on 

workers from PAH - related occupations, with emphasis on study results reported after the 

review by Boffetta et al. (1997) were described. An excess risk of lung/respiratory cancer 

was found in most of the examin ed industries, whereas the pooled relative risk (RR) for 

workers in coal gasification was extensively increased. The evidence for cancer of the 

bladder and of the urinary system is less consistent, with a modest increase in risk only for 

workers of alumini um production, coal gasification, iron and steel foundries.  

A review by Gibbs and Labreche (2014) of epidemiological evidence (cohort study) of lung 

and bladder cancer risks in aluminium industry confirmed an increased risk with cumulative 

exposure to benz o(a)pyrene, used as an index of coal tar pitch volatiles exposure, adjusted 

for smoking. The risk of tumours at other sites including stomach, pancreas, 

rectum/rectosigmoid junction, larynx, buccal cavity/pharynx, kidney, brain/nervous system, 

prostate, an d lymphatic/hematopoietic tissues (in particular non -Hodgkin lymphoma, 

Hodgkin disease, and leukemia) was not found.  

The study of Gibbs et al. (2014) focusing on mortality/incidence in aluminium smelter 

workers ( 17,089 workers between 1920 -2004)  found significant relationships between BaP 

exposure and lung and bladder cancers incidence and mortality. D igestive, lung, and 

bladder cancer mortality and lung, bladder, and buccal cancer incidence increased 
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significantly with BaP exposure. Bladder canc er incidence was not increased at BaP 

exposures below 40 µg/m 3 -  years.  

Wagner et al. (2015) performed a systematic review and meta -analysis (16 studies) on PAH 

exposures and larynx malignancies (incidence and/or mortality). The aim was to clarify the 

pote ntial aetiological role of PAH on the risk of larynx cancer by applying the principles of 

evidence -based medicine and examining existing evidence regarding a dose - response 

relationship. The analysis confirmed significant effect both on incidence and a litt le smaller 

effect on mortality. Only few studies allowing for dose - response analysis indicated a positive 

dose - response effect.  

Epi-studies on rubber infill  

Though at present no epidemiological studies focussing primarily on the relationship 

between playin g sports on synthetic turf pitches  with rubber infill and human health effects 

are available, recently, some first explorations were done by Washington State (2017) and 

Bleyer and Keegan (2018). Washington State (2017) concluded, based on a database of a 

football coach, that there was no increased number of cancer diagnoses among football 

players compared to what would be expected if football players experienced the same 

cancer rates as Washington residents of the same ages. However, they acknowledged that 

the data were limited, especially with respect to exposure, and recommended further 

research. Moreover, they considered that their investigation was not designed to determine 

if soccer players in general were at increased risk of cancer due to exposures fr om crumb 

rubber in artificial turf. Bleyer and Keegan (2018) recently examined, using data from 

California, the state with the greatest number of synthetic turf pitches , whether the 

incidence of lymphoma in 14 to 30 year -olds is higher or increasing to a g reater extent in 

regions with higher density of synthetic turf pitches . No association between annual 

lymphoma county incidence and county - level synthetic turf field density was found. These 

authors recommended further studies assessing individual - level ex posures among football 

players, most desirably a case -control analysis.  

B.5.8.5. Carcinogenicity: markers of exposure  

In contact with consumer articles and mixtures, consumers are exposed to a multitude of 

PAH mixtures of different composition. A main issu e in the risk assessment of PAHs is the 

quantification of the carcinogenic potency of PAH mixtures. The composition of the PAH 

mixtures encountered in food, consumer products, mixtures such as rubber granules and 

the environment varies, resulting in varyin g carcinogenic potencies. Each of the (sometimes 

up to several hundred) different PAH mixture components possesses its own toxicity profile, 

absorption behaviour, and may potentially be carcinogenic. For risk assessment of PAH 

mixtures, various approaches have been described such as the Toxicity Equivalence Factor 

(TEF) approach, or the marker approach. EFSA (2008) concluded that ñthe TEF approach to 

the risk characterisation for PAHs in food was not considered to be scientifically valid 

because of the lack  of data from oral carcinogenicity studies on different PAHs, their 

different modes of action and the evidence of poor predictability of the carcinogenic potency 

of PAH mixtures based on the currently proposed TEF valuesò. 

BaP has in general mostly been used as a marker of occurrence and effect of the 

carcinogenic PAHs. Based on the data available, it seems indeed appropriate to assess 

occupational risks by using BaP as relevant indicator of inhalation exposure of the PAH 
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mi xture (with dermal -systemic exposure implicit, see B.5.8.6. ï Human data). In the 

absence of specific data for the general population, this approach is also taken for 

consumers for this route of exposure. This pragmatic approach allows to use epidemiologic  

data where exposure to the PAH mixture is expressed using BaP as an exposure indicator as 

well.  

For the oral route, EFSA (2008) concluded that BaP is not a suitable indicator for the 

occurrence of PAHs in, and thus the exposure to PAHs via, food. The rela tive concentrations 

of the PAHs in food were found to be variable, and BaP was not detected in some samples 

when other PAHs were measurable. By expanding the marker method to two PAHs (BaP and 

CHR), four PAHs (BaP, CHR, BaA and BbFA) and 8 PAHs (BaP, CHR, BaA, BbFA, BkFA, 

BghiP, DBAhA  and IP), i.e. the PAHs that were measured in the carcinogenicity study of 

Culp et al. (1998), EFSA found the PAH4 and PAH8 markers to be more suitable indicators 

of PAHs in food, with PAH8 not providing much added value compar ed to PAH4.  

As the relative concentrations of PAHs in rubber granules varies with BaP being not 

detectable in all samples, it may be considered that BaP is also not a suitable indicator for 

the occurrence in, and exposure to PAHs via, rubber granules. As t he EFSA PAH8 group 

largely corresponds with the eight PAHs under current evaluation and thus are largely 

included in the study of Culp et al. (1998) which was used by EFSA for BMDL -derivation for 

the PAH8 marker group (see B.5.8.1.2, EFSAs approach is foll owed for current evaluation of 

the risks for consumer upon oral exposure. In this marker approach, the total 

carcinogenicity of the PAH mixtures tested in the Culp et al. (1998) study is assumed to 

correspond with the PAH8 marker group. So, it is possible to sum the exposures to the eight 

specified PAHs, and relate the summed exposure to the BMDL 10  for this marker group.  

It is noted that the EFSA PAH8 differs from the eight PAHs under current evaluation (i.e. 

REACH-8 PAH , see Table B 28 , two of the eight PA Hs from the REACH-8 PAH group are not 

reported to be present in the mixtures tested in the Culp et al.(1998) study (unclear if 

measured and not detectable, or not measured at all). Hence, to assess the carcinogenicity 

of the REACH-8 PAH, we assumed that the concentrations of the deviating two PAHs 

benzo[e]pyrene and benzo[j]fluoranthene were present in the mixtures applied by Culp in 

similar concentrations to benzo[ghi]perylene and indeno[1,2,3 -cd]pyrene 56 . In this case, the 

dose - response (and hence the BM DL10) will be the same, regardless of the choice of PAH8 

group. Subsequently, the toxicity of the EFSA PAH8 group can be applied in the current 

assessment to estimate the excess cancer risk of exposure to the REACH-8 PAH from rubber 

granules. However, it i s noted that this assumption is accompanied with some uncertainty, 

as a direct verification of the reliability of this assumption is not possible. There is some 

information though of the concentrations of PAHs in two other coal tar pitch mixtures 

described  in the EU RAR on CTPHT (EU, 2008). This EU RAR document shows that 

concentrations of REACH PAH benzo[e]pyrene in the coal tar pitch mixtures (11 891 and 8 

976 mg/kg) are similar to concentrations of EFSA PAHs benzo[ghi]perylene (9 945 and 8 

664 mg/kg) and  indeno[1,2,3 -cd]pyrene (11 106 and 9 061 mg/kg) in these mixtures. 

Unfortunately, the REACH PAH benzo[j]fluoranthene was not analysed. Nevertheless, the 

                                           

56  Note that it is not necessary to assume that these substances have a similar potency and contribution to the 

carcinoge nic potency, because the potency of the entire mixture is considered. When marker PAHs are exchanged, 

the BMD(L) stays the same if the concentrations of marker PAHs are the same.   



Annex to Background Document to the Opinion on the Annex XV dossier proposing a 

restriction on Polycyclic -aromatic hydocarbons (PAHs)  

 

 

96  

available information indicates that the assumption on similar concentrations of the 

deviating PAHs in  the two PAH8 groups is defendable (RIVM, 2016).  

It is noted that recently, ECHAs Risk Assessment Committee (RAC) established a dose -

response relationship for the carcinogenicity of coal tar pitch -  high temperature ( ECHA 

2017c ). For the oral route, this w as done based on the data of Culp et al. (1998) using BaP 

as marker. Another  option suggested by RAC was to apply a PAH4 or PAH8 approach.  

Table B 28 :  Overview of PAH marker groups.  

EFSA PAH8*  REACH - 8 PAH #  CAS  

Benzo[a]pyrene  Benzo[a]pyrene  50 -32 -8 

Benz[a]anthracene  Benz[a]anthracene  56 -55 -3 

Benzo[b]fluoranthene  Benzo[b]fluoranthene  205 -99 -2 

Chrysene  Chrysene  218 -01 -9 

Benzo[k]fluoranthene  Benzo[k]fluoranthene  207 -08 -9 

Dibenz[a,h]anthracene  Dibenz[a,h]anthracene  53 -70 -3 

Benzo[ghi]perylene   191 -24 -2 

Indeno[1,2,3 -cd]pyrene   193 -39 -5 

 Benzo[e]pyrene  192 -97 -2 

 Benzo[j]fluoranthene  205 -82 -3 

* it is noted that all eight EFSA PAHs were included in the coal tar mixtures as tested by Culp et al. (1998) whereas 

two out of the eight ECHA PAHs ( i.e.  benzo[e]pyrene and benzo[j]fluoranthene) were not.  

# this concerns the eight PAHs as currently included in entry 50 and under current evaluation  

 

B.5.8.6. Carcinogenicity: summary, discussion and conclusion  

Animal data  

In numerous animal studies, the carc inogenic effects of PAHs, as single compounds or as 

various complex PAH -containing mixtures to which humans may be exposed, were 

examined by various routes of exposure. Of the PAHs under evaluation, BaP is the best -

studied PAH. It is carcinogenic by all ro utes tested in a number of animal species. The 

majority of carcinogenicity studies in experimental animals were conducted as skin painting 

studies, a limited number of studies following ingestion were available, and only a few 

animal studies have been publ ished on inhalation exposure. Oral studies with pure BaP or 

PAH mixtures resulted in increased tumour incidences in the gastrointestinal tract, liver, and 

respiratory tract in rats and mice. Long - term inhalation of PAH mixtures or pure BaP 

induced tumours in the lung in rats and mice. In hamster inhalation of BaP caused tumours 

in the respiratory tract, but not in the lung. Dermal exposure to relative low BaP or various 

PAH concentrations induced benign and malign skin tumours in various strains of mice. It  is 

noted that experimental data on the combined carcinogenicity of exact these eight PAHs 

under current evaluation are not available. However, most of the eight PAHs under current 

evaluation have implicitly been tested as part of the PAH mixtures in the v arious studies.  

Human data  

No data are available on the carcinogenic effects of single PAHs in humans. In contrast, 

most of the human studies have addressed the carcinogenicity of PAH mixtures with BaP as 

marker compound. A considerable number of epidemio logical studies have demonstrated 

that occupational exposure to soot, coal tar, and other PAH -containing mixtures is 

carcinogenic to humans. However, interpretation and comparison of these data is partly 

hampered due to differences in study design (case co ntrol versus cohort); differences in 



Annex to Background Document to the Opinion on the Annex XV dossier proposing a 

restriction on Polycyclic -aromatic hydocarbons (PAHs)  

 

 

97  

exposure measurements; not taking into account lifestyle factors; unawareness of co -

exposure; and, incomplete data presentation. Nevertheless, despite these confounding 

factors, the majority of the epidemiological data associated airborne PAH exposures with 

increased lung cancer risk. In addition, exposed workers, particularly at coke ovens and 

aluminium smelters, have shown excess bladder cancer for which a relationship to PAH 

exposure was highly suggestive. From the mo st robust meta -analysis by Armstrong (2003, 

2004) which included 39 different cohorts for lung cancer and 27 cohort for bladder cancer, 

URRs of 1.20 (95 % CI, 1.11 -1.29, p<0.001; log - linear model) for lung cancer and 1.33 (95 

%CI: 1.16 -1.52, no significant  heterogeneity) for bladder cancer could be derived at 

inhalation exposure of 100 µg/m 3 years BaP. By using the Armstrong et al. (2003, 2004) 

inhalation exposure data it is implicitly assumed that the dermal exposure will be as in the 

occupational settings  that were covered by Armstrong et al. (2003, 2004). Although this 

assumption inevitably introduces some uncertainties, systemic exposure via the dermal 

route is taken to be reflected in these URRs. Locally, skin cancer has been reported to be 

positively a ssociated with dermal PAH exposure, but not with inhalation exposure.  

Some first explorations of the possible relationship between playing sports on synthetic turf 

pitches and human hea lth effects were done in the US. Two studies are available and both 

stu dies did not find a positive association for leukemia/lymphoma. It s hould  be noted  that, if 

a relationship exists, this is not necessarily related to the PAHs.  It is noted that the current 

Restriction Dossier focusses primarily on PAHs for their genotoxic carcinogenicity. However, 

rubber granules contain a lot of other chemicals. Those other chemicals can have similar 

effects but also other type s of (carcinogenic) effects .  

B.5.9. Toxicity for reproduction  

In its criteria document, the WHO discussed the reproductive toxicity of several individual 

PAHs, among which benzo[a]pyrene. It was concluded that this PAH had adverse effects on 

female fertility and reproduction (WHO, 1998).  

BaP is classified for effect s on fertility and developmental toxicity, according to Regulation 

(EC) No 1272/2008 . However, the observed effects are threshold effects and it is considered 

that these thresholds will be orders of magnitude higher than potential DMELs for 

carcinogenicity . 

B.5.10. Other effects  

Not relevant for this dossier.  

B.5.11. Derivation of DNEL(s)/DMEL(s)   

The human health endpoint of utmost concern for the PAHs is their potential for genotoxic 

carcinogenicity. Carcinogenicity of PAHs will presumably be exerted in h umans and is being 

regarded as the critical effect for the purpose of this restriction proposal. G iven the ability to 

induce genotoxic effects, a non - threshold approach is applied.  

Selection of key studies  

Taking into account the scope of current restricti on proposal ( i.e.  eight PAHs in rubber 

granules), the anticipated exposure routes ( i.e.  oral, dermal and inhalation, cf section B.9. ), 

the exposure route with highest contribution to the total PAH -exposure upon contact with 
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rubber granules for consumers ( i.e.  oral (RIVM, 2017)) and the preference for the PAH8 

marker group approach (as detailed above), selection criteria for prioritisation of (animal) 

carcinogenicity data were further established:  

-  the experimental animal study should include one or more grou p(s) with exposure to a 

PAH-mixture, in various dose or concentration levels;  

-  the composition (qualitative and quantitative) of the PAH -mixture as applied in the 

experimental animal study should be known;  

-  the PAH -mixture as applied in the experimental anim al study should contain all/as much 

as possible of the eight PAHs under current evaluation.  

-  if human data with exposure to PAH mixtures are available that can be used for a 

quantitative assessment, these are given preference over the animal data.  

 

-  Oral  

Experimental data on the toxicity of the REACH-8 PAH group upon oral exposure are not 

available, while the toxicity of the EFSA PAH8 group can be assessed using the data from 

Culp et al. (1998). See section B.5.8.5. for a discussion on the relevant markers  of 

exposure.  

Based on the criteria set, the mouse oral carcinogenicity study of Culp et al. (1998) (see 

section B.5.8.1.2   for a detailed summary of this study) was selected as key study, taking 

the BMDL 10  for PAH8 of 0.49 mg/kg bw/day (as derived by EFSA  (2008), see section 

B.5.8.1.2  as point of departure.  

Linear extrapolation is subsequently used to express the estimated exposure in terms of 

excess cancer risk 57 . This is done in accordance with the REACH Guidance (ECHA 2012). 

First the BMDL 10 is converted  into a óhumanô BMDL10 (by adjusting for allometric scaling, 

applying a factor of 7 for mouse -human extrapolation), which is then divided by a high - to -

low dosage factor, in order to reach a low risk level (e.g. dividing the óhumanô BMDL10 by 

100,000 result s in the dosage at which the excess cancer risk is one in a million (10 -6)). The 

excess cancer risk from PAH8 at 1 in 10 -6
 corresponds therefore to 0.49 : 7 : 100,000 is 

0.0007 ȉg/kg bw/d. In other words, the excess cancer risk per ȉg/kg bw/d is 1.43x10-3. 

This dose - response relationship will be used for the risk characterisation when calculating 

the excess cancer risk upon oral PAH -exposure via contact with rubber granules for the 

general population  (see section B.10).  

A complicating factor when using an animal study to calculate cancer risks for young 

children is that a standard carcinogenicity study only exposes the laboratory animals to the 

substance starting from the age of around 6 -8 weeks. This corresponds approximately to 

the period of adolescence i n the case of humans. The consequence is that such a study does 

not provide any information about exposure in the preceding period. In the US, EPA and 

OEHHA apply an óage-dependent adjustment factorô (ADAF) to calculate the cancer risk 

when using linear ex trapolation based on a standard animal study (OEHHA 2009; US EPA 

                                           

57  The term excess cancer risk  for the oral and dermal route is in fact erroneous. EFSA (2008) determined the extra 

cancer risk  based on the Culp et al. 1998 study. Extra risk places greater weight upon the same increase in rate for 

a common lesion than for a rare lesion, compared to e xcess risk estimates and is therefore in general a more 

conservative risk estimate. Using the extra risk estimate as the excess risk estimate in the subsequent risk 

assessment slightly overestimates the risk from the oral and dermal route by a factor of ap proximately 1.2.  
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2005). The value of the ADAF should preferably be determined based on substance -specific 

information; otherwise it is, by default, 10 for the 0 to 2 years old group and three for the 2 

to 16 years old group. The default ADAF for people aged 16 and up is one (OEHHA 2009; 

US EPA 2005).  

This issue has also been noted by the EU Scientific Committees in their evaluation of the 

existing risk assessment methodologies and approaches for genotoxic car cinogens 

(SCHER/SCCP/SCENIHR (2009)), though no clear decision or recommendation was 

presented. EFSA (2005) has also taken this issue into consideration in their opinion on the 

Margin of Exposure (MoE) -approach (EFSA, 2005) and concludes that the usual def ault 

factor for inter -  and intra -species differences of 10×10 for non -genotoxic substances would 

also be relevant for substances which are both genotoxic and carcinogenic. According to 

EFSA, these default factors could be reduced or increased when appropri ate chemical 

specific data are available. The MOE approach does however not lead to explicit conclusions 

(quantitatively) about the excess cancer risk. However, EFSA does assert that an MOE of 

10,000 or higher would indicate a ólow concern from a public health point of viewô. 

When using the linear extrapolation method, it is generally assumed that applying the high -

to - low dosage factor results in an assessment which is sufficiently conservative to cover 

intraspecies differences as well. From a scientific pe rspective, some doubts have been 

expressed on this assumption. For example, the high - to - low dosage factor is argued to only 

correct for a 10  % risk in animals to e.g. a 0.0001  % risk in animals. Recommendations 

have therefore been made to apply the intersp ecies and intraspecies factors to carcinogenic 

substances by default, similarly to the risk assessment of non -carcinogenic substances, in 

addition to the high - to - low dosage factor (Slob et al. 2014). As is the case for non -

carcinogenic substances, the defa ult intraspecies factor of 10 should in that case be 

included to cover also any differences in sensitivity as a consequence of óearly- life 

exposureô. 

However, within Europe, there is no general agreement (based on any regulatory 

framework, including REACH)  on how to deal with the issue of óearly-life exposureô in the 

quantitative risk assessment of carcinogenic substances based on an animal study. For that 

reason, it was decided to follow the approach as described in the ECHA Guidance (ECHA 

2012) and also f ollowed by RIVM (2017) and ECHA (2017a) in their recent evaluations of 

the human health risks of exposure to substances in rubber granules, i.e.  using the 

standard linear extrapolation method to assess the risks of PAHs in rubber granules ï i.e.  

without an  additional factor to account for any intraspecies differences as a consequence of 

óearly-life exposureô. The issue will however be further taken into consideration in the 

section on Uncertainties in the risk assessment (section B.10.4). It is further cons idered 

that a broad and general discussion on these assessment factors is urgently needed . That 

discussion should focus on the question whether and in which cases AFs for inter -  and 

intraspecies may need to be applied for non - threshold carcinogens. It is c onsidered that this 

discussion  should not be limited to REACH but should also include other risk assessment 

frameworks.  

-  Dermal  

Experimental data on the carcinogenicity of the PAH8 group upon dermal exposure are not 

available. For the purpose of assessing dermal (systemic) exposure to PAHs, the oral 

BMDL10  value for PAH8 was converted to a dermal BMDL 10  value using route - to - route 
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extrapolations. It is acknowledged that this may introduce uncertainties. The route - to - route 

extrapolation was done by using abso rption fractions for the oral route of 0.3 and for the 

dermal route of 0.2 (see section B.5.1.1.  for details), resulting in a dermal BMDL 10  of 0.74 

mg/kg bw/d. Following linear extrapolation, t he excess cancer risk per ȉg/kg bw/d is 

estimated at 9.46x10 -4 for the dermal route. This dose - response relationship  will be used for 

the risk characterisation when calculating the excess  cancer risk upon dermal PAH -exposure 

via contact with rubber granules  for the general population (as described in section B.10. ). 

For the workers (i.e. installation and maintenance of the pitches ), an adjustment factor of 

0.38 ( i.e. 5/7 × 48/52 × 40/70) is applied to correct for difference in exposure conditions 

between worker and general population.  

It is noted that selecting the or al study of Culp et al. (1998) for evaluation of the dermal 

(systemic) route may introduce uncertainty to the risk assessment as route - to - route 

extrapolation is needed. Further, it is noted that dermal (systemic) exposure is reflected in 

the dose - response relationship derived from the epidemiological studies  (see section 

B.5.8.4 .).  

With respect to dermal - local exposure, carcinogenicity data on PAHs are available. It is 

noted that ECHAs RAC established also for the dermal - local route a dose - response 

relation ship for the carcinogenicity of CTPHT ( ECHA 2017c ).  This was based on an analysis 

of Knafla (2011) which used a mouse skin painting study with a single PAH (i.e. BaP) 

dissolved in acetone (Nesnow et al., 1983) as basis to derive a dermal cancer slope facto r 

for epidermal tumour formation. Also experimental data on PAH mixtures (i.e. different soot 

extracts) were obtained by Nesnow et al. (1983), however the PAH -content of the PAH -

mixtures was not quantified. Taking into account the scope of current restrict ion proposal, 

i.e. PAHs in rubber granules focussing on the eight ECHA PAHs, using these experimental 

data would provide no information on the potency of the PAH mixture, as other PAHs were 

not included in this toxicity experiment. Therefore, the Dossier S ubmitter gives preference 

to the study of Culp et al. (1998) as basis for evaluation of the dermal exposure to the 

REACH-8 PAH . 

-  Inhalation  

For the inhalation route, the meta -analysis of Armstrong et al. (2003, 2004) is considered 

to provide a robust, appro priate and reliable basis for assessment of the inhalation 

exposure, and is therefore selected as key study. It is noted that recently dose - response 

relations for lung (and bladder) cancer for workers were developed by ECHA ( 2017c ), using  

the URR from this  meta -analysis, in combination with a more recent value for reference 

lifetime risk based on the latest data on incidence of lung and bladder cancer from the year 

2012 being available for most of the EU28 countries. In short, relative risk predictions for 

lung cancer at given cumulative exposure values can be made using the formulae:  

RRx = 1 + (URR ï 1) × x/100 = 1 + (1.20 ï 1) × x/100 (linear model)  

where x is cumulative exposure in ȉg BaP/m3-years. Excess lifetime cancer risk (ELCR) is 

calculated from the  relative risks at given exposure with the formula:  

ELCR = P ref  × (RRx ï 1)  

where P ref  is cancer risk in the reference group (background risk in the unexposed target 

population), i.e.  0.07 for lung cancer.  
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The excess  lung cancer risk per µg/m 3 - years is 0. 00014 for workers.  

By transforming the equations for occupational exposure to continuous exposure for the 

general population, also dose - response relationships for lung (and bladder) cancer for the 

general population were developed, by correcting the ELCR for differences in exposure 

conditions between workers and general population, using an adjustment factor of 5.3 ( i.e.  

20m 3/d/10m 3/d ×  7d/5d ×  52w/48w ×  70y/40y= 5.3) (ECHA 2017c ).  

The excess  lung cancer risk per µg/m 3 - year is 0.00042 for the general popu lation.  

For the present report, these dose - response relationships will be adopted and used for the 

risk characterisation when calculating the excess  lung cancer risk for workers and 

consumers, respectively, upon inhalation PAH -exposure via contact with rubber granules  (as 

described in section B.10. ).  

B.6. Human health hazard assessment of physicochemical 
properties  

Not relevant for the dossier.  

B.6.1 . Explosivity  

Not relevant for the dossier.  

B.6.2. Flammability  

Not relevant for the dossier.  

B.6.3. Oxidising potential  

Not relevant for the dossier.  

B.7. Environmental hazard assessment  

Also this whole section is not relevant for the PAHs as the scope of  the assessment is on 

human health risks.  

B.7.1. Aquatic compartment (including sediments)  

Not relevant for the dossier.  

B.7.2. Terrestrial compartment   

Not relevant for the dossier.  

B.7.3. Atmospheric compartment   

Not relevant for the dossier.  
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B.7.4. Microbiological activity in sewage treatment 
systems   

Not relevant for the dossier.  

B.7.5. Non compartment specific effects relevant for the 
food chain (secondary poisoning)  

Not relevant for the dossier.  

B.8. PBT and vPvB assessment  

The PBT assessm ent ( B.8. ) of PAHs is not relevant within the scope of the Annex XV report.  

B.8.1. Assessment of PBT/vPvB Properties ï Comparison 
with the Criteria of Annex XIII   

Not relevant for the dossier.  

B.8.2. Emission Characterisation  

Not relevant for this dossier.  

B.9. Exposure assessment  

B.9.1. General discussion on releases and exposure  

Exposure information on formulation 58  of rubber granules in public literature is scarce (and 

outside of scope for this dossier). Research has primarily focused on the use of rubber 

granules on synthetic (or artificial) turf or the installation of those turfs. In addition, some 

information is available from the use of rubber tiles, which are sometimes made from 

rubber granules by gluing the granules together to create the tile. As the function of rubber 

tiles as a shock absorber is the same for rubber granules in playgrounds, the information 

regarding contact information and behavioural information in playgrounds was considered in 

the exposure assessment below.  

Less is known about the influence of coating of the granules on the exposure to PAHs, 

however the tendency is that exposures to PAHs ar e supposedly less as they are less easily 

released from the coated granules. This is supported by the findings by Fraunhofer ITEM 

(2016) showing lower migration rates to a simulant for dermal exposure for coated granules 

(see Section B. 9. 3.2. for results  on uncoated granules). However, the use of coated 

granules on artificial turf for sports is thought to be limited. Recently , a JRC project 

(STANPAHs)  was  published , focusing on acquiring dermal migration and analytical 

techniques suitable to measure PAH con tent or migration from plastic and rubber articles  

                                           

58  Rubber granules have been classified as a mixture and for that reason the term formulation is used when the 

rubber granules are made. Typically the rubber granules are made from end of life tyres and no actual formulation 

takes place, wh ich might cause confusion.  
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(JRC, 2018) . This research suggests that the release of PAHs from coated recycled rubber 

granules is lower than from the uncoated granules indicating that the coating might act as a 

barrier to migration.  The findings of this study regarding migration are described in section 

B.9.3.2.  

There are quite a number of publications available describing the exposure to substances 

from rubber infill materials. Important routes of exposure are inhalation, dermal expos ure 

and for playing and playing sports on artificial pitches the oral route is proven to be 

important (RIVM 2017, ECHA 2017a). In this dossier the focus lies on PAHs. The inhalation 

exposure of these PAHs is driven predominantly through inhalation of parti culate matter 

(PM) containing rubber dust particles and thus also PAHs, especially during installation. 

Therefore, studies involving particulate matter measurements in relation to synthetic turf 

and rubber granules are within the focus of the Dossier Submi tter for this chapter. Note 

however that this exposure and risk assessment will not consider dust exposure on its own, 

where it is noted that during installation dust exposure limits should be safeguarded as well.  

Exposure of synthetic turf installation and maintenance workers (IndusTox 2009, Waste and 

Chemicals  2016  and E copneus  2016 59), coaches (Castellano, 2008) and athletes (Van Rooij 

2010, Menichini 2011, Simcox 2011, Waste and Chemicals  2016) to substances/PAHs  in 

rubber granules has been investigated in several studies. An estimation of the exposure of 

sporters (by taking Football players as an example) to the substances in rubber infill on 

synthetic turf pitches  was most recently described by ECHA (2017a) and RIVM (2017).  

Annex  B.9. will not provide an exhaustive description of all the available literature on 

exposure to PAHs from rubber granules, but instead will focus on the exposure assessment. 

Selections of exposure data, exposure parameters, assumptions, and the applied 

cal culations will be carefully explained. The starting points for the exposure assessment are 

the recent reports by ECHA and RIVM.  

B.9.1.2. Summary of the effectiveness of the implemented operational 

conditions and risk management measures  

To our knowledge, t he operational conditions can differ amongst the manufacturing sites of 

the rubber granules, and can differ as to how they are being installed on the pitches . 

Manufacture of rubber granules is outside of scope for this restriction dossier. Regarding 

instal lation, the pitch size and its location (indoor or outdoor) has influence as to how the 

rubber granules are put on the artificial turfs. Especially for the smaller pitches  manual 

labour is more difficult to avoid for installing the rubber granules and as a  consequence 

contact with rubber granules becomes more evident. There are no set standards for 

operational conditions and risk management measures. The effectiveness of OC and RMMs 

will be described in the follow ing sections, if appropriate.  

                                           

59  Please note that both Ecopneus 2016 and Waste and Chemicals 2016 consider the same locations 

where artificial turf was installed or played on.  



Annex to Background Document to the Opinion on the Annex XV dossier proposing a 

restriction on Polycyclic -aromatic hydocarbons (PAHs)  

 

 

104  

B.9.2. Manufac turing  

The formulation of the rubber granules (manufacturing process from end of life tyres (ELT) 

to the rubber granules) is not within the scope of this restriction proposal (please refer to 

Annex A  for more information).  

B.9.2.1. Occupational exposure   

Not relevant for this dossier  

B.9.2.2. Environmental release   

Not relevant for this dossier  

B.9.3. Use 1: Use of rubber granules on artificial turf   

B.9.3.1. General  information   

The use of rubber granules as infill on artificial turf can result in the ex posure of people to 

substances present in these granules. Exposure can occur when installing or maintaining the 

synthetic turf pitches , and when sporting or playing on these pitches . Four exposure 

scenarios (ES) have been identified:  

ES1: Installation of synthetic pitches  with rubber infill ï worker  

ES2: Maintenance of synthetic pitches  with rubber infill ï worker   

ES3: Playing sports on synthetic pitches  with rubber infill  ï worker*  

ES4: playing and playing sports on synthetic pitches  with rubber infill  ï consumer  

* Professional players, coaches, referees etc. are in a legal sense óWorkersô. However, their 

exposure profile is the same as for consumers sporting on artificial turf and therefore the 

exposure of these óworkersô is considered in the same way as the adult players from the 

general population.  

ES1: installation of synthetic pitches  with rubber infill ï workers  

The way of installing rubber granules on synthetic pitches  can vary depending on the size 

and pile height of the synthetic pitches  and where the pitches  are installed (location indoor 

and outdoor, country, and contractor). ETRMA (2016) has stated that the outdoor and 

indoor installation procedures are similar; however indoor locations may require the use of 

approach taken for smaller  areas as larger machinery cannot access the indoor locations.  

In case of large areas, companies will mainly use specialised spreading machines to 

distribute the infill and brush into the synthetic turf carpet. For smaller areas, companies 

typically load o ne tonne (or 1.5 m 3) big -bags into a small tractor unit (open driving space), 

which distributes the infill across the pitch. The amount of infill used in the field during 

installation depends on the size of the field and pile height of the carpet. The most  

commonly used pile height is 60 mm and this will typically need approximately 15 kg/m 2, 

that means use of approximately 110 -120 tonnes of infill on a full size football field (120 big 
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bags). With a shorter pile height, the infill quantity could be as low as 40 tonnes for the 

same area. According to ETRMA, a smaller quantity of rubber per square metre is also used 

on smaller pitches  (ca. 5 -10 kg/m 2).  

Distribution of the rubber infill is normally done by one or two team units per field (two 

machines and work ers that operate them). Big -bags are unloaded directly in the cargo bed 

of the truck, however if problems arise, workers can break the bags manually and then 

manual filling of trucks can occur. Some companies by default manually fill the trucks. Once 

distr ibuted the infill is then brushed into the carpet using another tractor. Manual raking 

might occur as well.  

Typically, there may be between two to four workers present on the field during installation 

and in total on average six workers are needed to insta ll the pitches . Infilling a full - size 

football pitch normally takes two to three days (hence distribution of approximately 40 -60 

big -bags per day). Workers use protective masks (simple dust masks) to prevent inhalation 

of dust and protective clothing to pr event dermal exposure. According to ETRMA, workers 

sometimes donôt use any type of PPEs during the rubber infill operations (except earmuffs 

because of the truck noise).  

According to ETRMA (2016), the installation of a new field takes a total of 30 -35 work ing 

days. The duration of the rubber infill procedure is 6 hours per day and lasts 2 -3 days per 

week.  

If the same workers are installing the new pitches , it is assumed that, as a worst -case, 

workers do the infill procedure for approximately 6 months per year.  

Other tasks during installation are the preparation of the base such as placing aggregates 

with the right gradation, compaction etc. (20 days), laying down the synthetic turf (elastic 

layer underneath and the turf) (8 days) and spreading the sand lay er (2 -3 days) after which 

the granules are distributed.  

Pitches  are normally built during the summer months (6 months with the highest 

temperature of the year). The synthetic turf carpet and infill need to be dry to allow the infill 

to flow into the carpet  pile. The temperature of the synthetic turf field with ELT rubber can 

reach in excess of 80 C during very warm and sunny periods. It will be unusual for 

installation work to proceed in such hot conditions (over 30 C ambient temperature)  (see 

Annex A  for  more information) . 

ES2: Maintenance of synthetic pitches  with rubber infill ï workers   

Different types of maintenance activities occur on the pitches , i.e. large maintenance 

typically at the end of each sporting season and regular maintenance with up to a weekly 

frequency dependent on the type of maintenance that is required (see below).  

Refilling of infill material typically happens each year; on average 0.5 -1 tonne of refill per 

year has to be supplemented for each field and for after -winter service (r ubber infill can be 

unintentionally removed when pitches  are cleared from snow) 3 -5 tonnes is used. Refilling is 

done once per year with similar machines than what are used during the installations. Some 

of the areas of the field which are mostly used, lik e the front of the goal and centre of the 

field, are refilled more often during the year, which typically is considered small 

maintenance.  
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Other types of maintenance work include brushing or raking the rubber granules after the 

games. Brushing can be done with machines designed for this purpose, but manual 

brushing also occurs when a smaller area needs to be fixed.  

According to Salonen et al. (2015) the frequency of brushing varies from once per week to 

once every 2 -3 months. Shovelling of the rubber granul es from the big -bags occurs as well. 

Nilsson et al. (2008) refers to a maintenance guide that states that the regular maintenance 

consists of cleaning, marking, deep -cleaning, surface loosening, filling up and watering. 

Watering can be relevant during the summer months with respect to cooling down and 

reduced friction. Salting of synthetic turfs may occur during the winter and snowy periods. 

Cleaning of machines is conducted regularly.  

The maintenance guidance provides the frequencies for the maintenance:  

-  Raking: once every 4 -6 weeks (indoors: as needed);  

-  Brushing: once every 4 -6 weeks (indoors: 2 -3 weeks);  

-  Aerating: maximum of three times per year, ideally after every sport season, and after 

snow clearing, if applicable (beginning in second year) (sam e for indoors); and  

-  Sweeping: as needed (same for indoors).  

For the maintenance work, assumptions were used to estimate the duration and the 

frequency of the exposure.  

ES3: playing sports on synthetic pitches  with rubber infill  -  workers  

Theoretically, p rofessional sportspersons are in fact workers and therefore a separate 

exposure scenario was created in this restriction dossier. However, the behaviour is largely 

similar to amateur sportspersons, differing mainly in frequency and duration of training 

act ivities. Hence, the scenarios for amateur sportspersons (see under ES4 for description) 

largely apply. Their lifelong exposure was built up in the same way as for the consumers 

meaning that contributing scenarios (CS) during playing at playgrounds, playing  sports in 

their youth, the CS during their professional career, and playing sports as a veteran is taken 

into account.  

ES4: playing and playing sports on synthetic pitches  with rubber infill  -  consumers  

Exposure scenario 4 deals with children playing on p laygrounds with synthetic turf and 

rubber infill, and with children and adults playing sports on synthetic turf pitches. The latter 

is described using playing football as the main sport utility of those synthetic pitches  with 

rubber infill. It is supposed to cover for other sports as well, like rugby, American football, 

Gaelic sports, and other. Note that from the age of 11 playing sports is considered to be at 

a performance oriented level rather than a purely recreational one, thereby covering for 

what is perceived as the potentially highest exposed subjects due to higher frequency and 

duration of contact.  

Playgrounds are increasingly constructed with rubber tiles or rubber granules (or rubber 

mulch or flakes) to provide a shock absorbing surface beneath th e playground utilities, such 
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as swings, slides, etc. Since children start playing at these playgrounds at a very young age 

(at first with their parents) and continue to play at these playgrounds during their childhood 

it was considered a relevant exposure scenario for the consumers. In this scenario, playing 

at playgrounds at random locations in the city and at day cares and schools is considered, 

and may also include public sports pitches . It is difficult to estimate the number of children 

playing at these  playgrounds, but it is anticipated that it applies to the majority of the 

children populat ion.  

Football is commonly played in all EU Member State s. It is assumed that there are millions 

of players in the EU , with around 15.4 million registered players. In cluding the other sports, 

such as rugby and Gaelic sports the total registered players mounts up to 20 million (see 

Annex A.2.3.1. ) .  

In this report, several exposure scenarios are considered. Children typically start to play 

football at the age of 4 to 6 years, but then they will start with training courses and 

irregular frequency of training and playing). When children grow older, the frequency and 

the duration of the training and playing time increases. Whereas only a small percentage of 

players will bec ome a professional player in the end, the absolute number of professional 

players in the EU is still relatively high.  

In order to describe the PAH exposure to consumers several contributing scenarios have 

been created to ultimately derive a lifelong exposu re to PAHs resulting from both playing on 

rubber infill materials at playgrounds and sporting on synthetic pitches . These contributing 

scenarios are valid for a specified period in a lifetime and are added up to obtain the lifelong 

exposure. It is foreseen  that during childhood up to a certain age children will 

simultaneously play at playgrounds and play sports. The scenarios were elaborated in such 

a way that they calculate a realistic worst case exposure to PAHs from rubber granules for 

those exposed. Thi s means that, based on actual situations, the exposure is calculated for 

the highest exposed individuals playing at playgrounds or playing sports. Thus, the majority 

of the p opulation will be less exposed.  

The scenarios for playing at playgrounds are based  on the RIVM report on shock absorbing 

rubber tiles (RIVM 2016) as they are used for the same purpose and lead to more or less 

similar exposure profiles. As there are obvious differences between tiles and granules, these 

have been taken into account where possible, e.g. in the mouthing behaviour.  

In the scenarios for sports, a distinction was made between playing sports for recreational 

purposes and performance -oriented sports (top level amateurs). To overcome differences in 

exposure, a further distinction was made by age, based on categories as th ey are now used 

by the Dutch football association. Information in the RIVM (2017) report and information 

received from the Finnish Football Association (2017; as cited by ECHA 2017a) has been 

used to estimate the duration and frequency of the exposure. It is noted that regional 

differences can occur with respect to sports intensity (both concerning frequency and 

duration) which according to the Football Association in the UK is lower for their top level 

amateurs. A similar remark was made for the rugby play ers in the UK ( public consultation) . 

For bodyweight, the default parameters have been taken from the General Fact Sheet 

prepared by RIVM (2014) including anthropometric data, representing worst -case default 

values. It is further assumed that goalkeepers st arting from the age of seven are using 

gloves.  
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The following contributing scenarios (CS) have been created:  

1.  Child, 2 year old playing on playground  

2.  Child, 3 -6 year old playing on playground  

3.  Child, 6 -11 year old playing on playground  

4.  Child, 11 -13 year old playing on playground  

5.  Children aged 4 to 11 years playing sports (outfield player)  

6.  Goalkeepers starting at 7 years of age  

7.  Children aged 11 to 18 years, performance -oriented sports (both outfield player and 

goalkeeper)  

8.  Adults (18 to 3 5 years of age), performance -oriented sports (both outfield player and 

goalkeeper)  

9.  Veterans (36 to 50 years of age), recreational level (both outfield player and 

goalkeeper)  

10.  Lifelong exposure (combination of aforementioned CS)  

The above scenarios provide a  picture of possible ways of coming into contact with rubber 

granules while playing at playground or playing football. For each scenario, parameter 

values were chosen for factors such as body weight and the frequency and duration of 

playing sports. In addi tion, for each route of exposure, the relevant values were selected 

such as body surface area in contact with granules, amount of granules in contact with the 

skin, respiratory rate and amount of granules that might be ingested. The exposure 

scenarios cove r both females and males.  

It is assumed that these scenarios are worst -case scenarios. Furthermore, it is noted that 

these scenarios may only describe a small population for whom the scenarios should cover, 

i.e. football player and for other sports players , like rugby, American football, and Gaelic 

sports.  We acknowledge that in real life not all players are exercising and playing with such 

a heavy frequency on synthetic turf pitches  so that the actual exposure is probably much 

lower. Besides that, pitches  with other infill material and natural grass pitches  are  used as 

well.  

An exposure scenario representing small children being exposed while watching (with their 

parents) the training or games of an older brother or sister and playing with the granules, is 

not considered further but assumed to be covered by the playground scenarios even though 

it could lead to a higher frequency of contact. Spectators, also including coaches, press -

photographers etc., are also not considered separately here as their exposure  is regarded to 

be much lower compared to the players and hence covered by those scenarios.  
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B.9.3.2. Exposure estimation  

Availability of PAH for exposure ï migration from the rubber granule matrix  

In order to be exposed to PAH from rubber granules, these substances have to be released 

from the rubber granule matrix upon contact with the skin or sweat, upon contact with 

gastro - intestinal fluids, and lung fluids. To account for the release from the ma trix, RIVM 

(2017) performed migration studies to assess the availability for exposure through dermal 

and oral contact.  

Oral migration was studied using the Tiny -TIM model 60  to simulate the digestion of rubber 

granules in the gastro - intestinal tract. This m odel is an in vitro system consisting of two 

compartments that simulate the conditions in the stomach and the small intestine. During 

the experiment, peristalsis is simulated in both compartments for a total of four hours at 

37°C, upon addition of artifici al saliva, gastric and intestinal juices. To check for possible 

adherence to tubings used in the initial experiment, a repeat study was performed 

(Verschoor et al., 2018). The results of both studies were very similar, showing that 

approximately 9 % of the  PAHs contained in the rubber granules are released from the 

granules into the gastrointestinal tract (RIVM 2017). This value is adopted for the exposure 

estimation in the present report.  

A two -hour dermal migration study at 37°C was performed using artifi cial sweat, without a 

lipid fraction. This experiment indicated that only approximately 0.02  % of the PAHs in 

rubber granules are released into sweat (RIVM 2017). Although the study duration mimics 

the real life exposure durations, artificial sweat is not considered to be an appropriate 

testing fluid to assess the release of PAH. PAHs are lipophilic compounds, so migration in a 

more lipophilic medium than aqueous artificial sweat will be higher. So, whereas migration 

into sweat appears to offer the best rep resentation of PAH exposure in relation to the 

sweat -covered skin of an athlete, it will be less accurate for non -sweaty skin which contains 

natural skin oil and sebum and is therefore greasy (and may well be covered with skin care 

products that may have l ipophilic characteristics, such as body lotion or sun cream). The 

dermal migration fraction of 0.02  % may therefore be an underestimation. JRC (2018) 

developed a method for the evaluation of the release of PAHs from plastic and rubber 

articles to skin. In this method, immersing a 3x3x0.2 cm piece of plastic or rubber in 20% 

aquaeous ethanol (for 1, 4, 24 h at 40 °C) appeared to result in a similar migration 

compared to immersion in physiologically respresentative skin surface film liquid (sweat 

formulation p lus fatty acids plus sebum). Although the content of PAHs in granules was 

lower compared to the (other) articles analysed in the JCR study, the relative migration 

expressed in mass percentage was higher: up to 8.6% for an individual PAH from uncoated 

granu les. The higher contact surface of granules compared to a single piece of material  for 

which the experimental setup was designed  probably causes this relatively high relative 

migration. The migration was not calculated in terms of surface contact area due to the 

difficulty of measuring the surface area of the granules. Due to an unrealistically high 

contact area, the proposed method is not considered suitable for granules. The obtained 

migration is not used in the current restriction proposal, because it is assumed to 

overestimate real - life migration. In a study by Fraunhofer ITEM  (2016) Tenax® was used to 

                                           

60  http://www.triskelion.nl/food - feed/adme -dmpk -food - feed/tim -services/   

http://www.triskelion.nl/food-feed/adme-dmpk-food-feed/tim-services/
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determine the migration of PAH from rubber granules. Tenax®, a powder with more 

lipophilic properties than artificial sweat, is considered to be a better alternative as 

migration simulant for lipophilic substances , although still  not optimal . Based on this study a 

dermal migration fraction of 0.05  % could be obtained, where it is noted that longer 

durations and a slightly higher temperature (10 days and 40°C) were used compared to the 

RIVM study. The migration study by Fraunhofer also showed that after 1 day at 20°C the 

content in migration receptor was below the limit of detection (LOD), but showed a higher 

migration fraction at 10 days and 60°C. For current evaluation, it was decided to use the 

migration fraction derived with 10 days and 40°C, i.e. 0.05  %, for the dermal exposure 

estimations as it approaches the skin temperature best.  Please see the confidential 

appendix B2  on the ERASSTRI study for preliminary results of their study on migration.  

In the absence of data on migrati on of PAHs out of rubber granulate dust into artificial lung 

fluid, as a worst case assumption it was assumed that all PAH inhaled via rubber dust would 

become available for exposure.  

B.9.3.2.1. Workers exposure  

There are three scenarios for workers, i.e. for the installation workers, maintenance workers 

and for the professional sportspersons also covering for trainers/coaches. The ólifelongô 

exposure for the installation and maintenance workers is set at a 40 years working life. A 

different approach is tak en for the professional players for whom it is unlikely to be a 

professional player for 40 years, but for which the pre -  and post -professional life on the 

pitch is much more relevant. In a legal sense the professional sportspersons are considered 

workers, but from a risk assessment view it makes more sense to regard them as 

consumers. Therefore, the lifelong exposure for professional players is assessed in the same 

way as for the consumers (see CS10 on lifelong exposure).  

ES1 and ES2 Installation and maint enance ï workers  

As described in Section B.9.3.1. the exposure during installation and maintenance are most 

likely related to dust formations and via direct dermal contact when emptying the big -bags 

containing rubber granules and the manual distribution of the rubber granu les over the 

synthetic pitches . Though the activities during installation can take place with automated 

processes it is foreseen that manual labour involving potential direct contact will take place 

when emptying big bags, loading into tractors and during the distribution on the synthetic 

pitches . Manual labour is also foreseen during maintenance work, whether that relates to 

large maintenance or the more regular small maintenance.  

There are four  known exposure studies regarding the installation of synthet ic pitches  with 

rubber granules (IndusTox 2009, Ecopneus  2016, Waste and Chemicals  2016  (prepared for 

Ecopneus) , and ERASSTRI, in draft and confidential ) that also considered exposure to PAHs 

(all  studies)  or BaP ( Waste and Chemicals  2016  and ERASSTRI, in draft and confidential ) in 

particular. In addition, ECHA (2017a) estimated the exposure for workers during installation 

and maintenance based on literature on sporting activities. The IndusTox study included 

nine workers, whereas the Ecop neus study  and Waste and Chemicals study combined  

included in total around eight workers (exact number unclear based on the information 

provided, but this number can be lower for specific measurements). In the  studies the 

respirable dust concentrations wer e determined and both studies included biomonitoring 

focussing on the metabolite 1 -hydroxypyrene (1 -OHP; as biomarker for BaP) in urine. In 




