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Synopsis 

Assessment of the product limit for PAHs in rubber articles. 
The case of shock-absorbing tiles 

Polycyclic aromatic hydrocarbons (PAHs) are harmful substances that 
can be present in, among other things, rubber articles. For the safe use 
of rubber articles, like shock-absorbing tiles, producers have to comply 
with the European limit which has been set for PAHs in consumer 
products. Shock-absorbing rubber tiles are made of used car tyres and 
contain PAHs.  

RIVM has received a request to investigate whether the current product 
limit for PAHs in rubber tiles provides an adequate level of protection 
against the development of cancer. At this moment, only an indication of 
the extra risk of developing cancer can be given, because there is a lack 
of reliable data regarding the exposure of children to PAHs from the tiles 
(via dermal contact and hand-to-mouth contact). These data, however, 
are necessary for a proper risk assessment to be made. Missing data, 
for example, include the skin-tile contact time and the rate that the 
PAHs migrate from the tiles. Further investigation into these data was 
not possible within the time limits of the study. To reduce the 
uncertainties in the present risk assessment, additional data on the 
exposure are required. 

In addition, to derive the extra risk of adverse health effects from the 
results of animal studies, so-called safety factors are used. In this study, 
a standard safety factor for substances which cause cancer was used. At 
this moment, there is no agreement within Europe on the use of extra 
safety factors for cancer-causing substances. For this reason, RIVM 
recommends initiating a discussion at European level to obtain 
agreement on this subject.   

In general, the risks of the exposure to substances which cause cancer 
is indicated as the extra number of people who get cancer per million of 
exposed people; the term ’extra’ is used as people have the risk of 
developing cancer without this exposure. An extra risk of 1 in a million 
exposed people is regarded as negligible in the risk assessment of 
substances causing cancer. In this study, because of the quantified 
uncertainties, the extra cancer risk is presented as a range, meaning 
that the extra risk lies between two extreme values. If the PAH-
concentration in the rubber tiles is equal to the limit for consumer 
products, this range lies around the negligible risk level of 1 per million. 
At the maximum value of the range the negligible risk level is slightly 
exceeded.  

The results of this study can be used in the evaluation of the product 
limit for PAHs in consumer articles by the European Commission. In this 
evaluation it is important to also include the exposure to PAHs from 
other consumer articles.  
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Publiekssamenvatting 

Evaluatie productnorm voor PAK’s in rubberen artikelen.  
Een casestudy naar valdempende tegels 
 
Polycyclische aromatische koolwaterstoffen (PAK’s) zijn schadelijke 
stoffen die onder andere in artikelen van rubber kunnen voorkomen. 
Voor een veilig gebruik van rubberen artikelen, zoals valdempende 
tegels, moeten producenten zich houden aan de Europese norm voor 
PAK’s in consumentenproducten. Valdempende rubbertegels worden 
meestal gemaakt van afgedankte autobanden en bevatten PAK’s.  
 
Het RIVM is gevraagd te onderzoeken of de huidige productnorm voor 
PAK’s in rubbertegels gebruikers voldoende beschermt tegen het 
ontstaan van kanker. Op dit moment kan alleen een indicatie van het 
risico op kanker worden gegeven. Dat komt doordat veel betrouwbare 
gegevens ontbreken over de mate waarin kinderen in contact komen 
met de PAK’s uit de tegels (via contact van de huid en via hand-mond-
contact). Het gaat onder andere om gegevens over de duur van het 
contact tussen de tegel en de huid en de mate waarin PAK’s dan uit de 
tegels vrijkomen. Deze informatie is wel nodig om de onzekerheden in 
de huidige risicobeoordeling te verkleinen. Aanvullend onderzoek 
hiernaar kon binnen het tijdbestek van dit onderzoek niet worden 
uitgevoerd.  
 
Daarnaast is er geen overeenstemming binnen Europa over de hoogte 
van zogeheten veiligheidsfactoren voor kankerverwekkende stoffen. 
Veiligheidsfactoren worden gebruikt om het risico op effecten op de 
gezondheid voor mensen te kunnen afleiden uit de resultaten van 
dierstudies. In de huidige studie is een standaard veiligheidsfactor voor 
kankerverwekkende stoffen gebruikt. Het RIVM beveelt daarom aan om 
op Europees niveau een discussie te initiëren om hierover 
overeenstemming te bereiken.  
 
In het algemeen worden de risico’s van de blootstelling aan 
kankerverwekkende stoffen uitgedrukt in het extra aantal mensen dat 
kanker krijgt per miljoen blootgestelden; de term ‘extra’ wordt gebruikt 
omdat mensen ook zonder blootstelling aan deze stoffen het risico lopen 
om kanker te krijgen. Een extra risico van 1 op de miljoen blootgestelde 
mensen wordt bij de risicobeoordeling van kankerverwekkende stoffen 
als verwaarloosbaar beschouwd. In dit onderzoek wordt, vanwege de 
doorgerekende onzekerheden, het extra risico op kanker weergegeven 
als een bandbreedte, wat betekent dat het extra risico tussen twee 
uiterste waarden ligt. Als de PAK-concentratie in rubbertegels gelijk is 
aan de norm voor consumentenproducten, ligt, bij de huidige kennis, 
deze bandbreedte rond het verwaarloosbare risiconiveau van 1 op de 
miljoen. Bij de hoogste uiterste waarde van de bandbreedte wordt het 
verwaarloosbare risiconiveau licht overschreden.  
 
De resultaten van dit onderzoek kunnen worden gebruikt bij de 
evaluatie van de norm voor PAK’s voor alle plastic en rubberen 
consumentenproducten door de Europese Commissie in 2017. Bij deze 
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evaluatie is het van belang ook rekening te houden met de blootstelling 
aan PAK’s uit andere consumentenproducten. 
 
Kernwoorden: PAKs, valdempingstegels, polycyclische aromatische 
koolwaterstoffen, risicobeoordeling, risicoschatting, 
consumentenproduct, rubberen tegels, rubbertegels 
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Summary 

Currently, the limit value for PAHs in rubber tiles is set to 1 mg PAH 
per kg for each of eight marker PAHs, the so-called REACH PAH8. The 
Dutch Ministry of Public Health, Welfare and Sports (VWS) would like to 
evaluate whether this limit value provides an adequate level of 
protection or is overly conservative. With this aim, VWS requested an 
assessment of the extra risk of cancer resulting from exposure to PAHs 
present in rubber tiles used in playgrounds, in concentrations equal to 
the limit values.  
 
Dermal and oral exposure are considered the main routes of PAH 
exposure from rubber tiles for children used in playgrounds. We selected 
one of three previous applied approaches as a preferred approach to 
estimate dermal exposure. In addition, we assessed the oral exposure 
due to hand-to-mouth contact. We aimed at a reasonable worst-case 
exposure assessment, using 75th percentiles of the parameter 
distributions rather than maximum reported values. Exposure from 
inhalation of PAHs that evaporated from the tiles, and oral and dermal 
exposure from small pieces of worn tiles were not considered in this 
study, leading to an expectedly small underestimation of the exposure. 
Nevertheless, we recommend investigating exposure from pieces of 
worn tiles to verify this assumption. 
 
In the hazard assessment, we firstly assumed that the carcinogenicity of 
the EFSA PAH8 was similar to that of the REACH PAH8, regardless of the 
fact that the two groups have two differing PAHs of the eight1. The 
second assumption was that the composition of the REACH PAH8 in the 
rubber tiles is similar to the composition of the PAH mixture used in the 
carcinogenicity studies. These assumptions can only be partially verified, 
and may have a large influence on the outcome of the risk assessment, 
either by under- or overestimating the risk. 
 
The final step of the risk assessment is the extrapolation of the cancer 
risk to a low dose. This is performed by two methods: linear 
extrapolation and model extrapolation. Whereas linear extrapolation is a 
worst-case method for high dose-low dose extrapolation, the model 
extrapolation method quantifies the uncertainty in the dose-response 
curve and yields a confidence interval for the calculated risk. In addition, 
to derive the extra risk on cancer from results of animal studies, so-
called safety factors are used. In this study, a standard safety factor for 
substances causing cancer (allometric scaling factor of 7) was used. At 
this moment, there is no agreement within Europe on the use of 
additional safety factors for substances causing cancer. For this reason, 
RIVM recommends initiating a discussion at the European level to obtain 
agreement on this subject. 
  

 
1 EFSA PAH8 contain benzo[ghi]perylene and indeno[1,2,3-cd]pyrene, whereas these PAHs are not included in 
the REACH PAH8. Instead, the REACH PAH8 include benzo[e]pyrene and benzo[j]fluoranthene. 
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Based on the current knowledge, it is estimated that contact with rubber 
tiles with concentrations at the product limit of 1 mg PAH/kg tile for 
each of the eight REACH PAHs leads to an extra cancer risk between 
1 per 590,000 and 1 per 7.7 million individuals who play(ed) regularly 
on rubber tiles. The upper level of this range is close to, but just higher 
than the negligible cancer risk level of 1 per 1 million. Nevertheless, the 
outcome of the risk assessment is uncertain, as the three parts 
(exposure, hazard and risk assessment) all contain significant 
uncertainties, in both directions (under- and overestimation of the risk). 
For this reason, it is recommended to refine the current risk assessment 
by collecting more information on a number of exposure parameters and 
by performing a full integrated probabilistic risk assessment (IPRA) for 
carcinogens. 
 
The results of this study can be used in the evaluation of the product 
limit for PAHs in consumer articles by the European Commission. In this 
evaluation it is important to also include the exposure to PAHs from 
other consumer articles. 
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1 Introduction 

The Dutch Ministry of Health Welfare and Sports (VWS) is reviewing the 
consequences of the REACH restriction on the polycyclic aromatic 
hydrocarbon (PAH) content of articles placed on the market (Annex XVII 
to REACH regulation) (EC, 2013), with regard to rubber tiles2 used in 
playgrounds. According to the REACH restriction, the current product 
limit value in accessible plastic and rubber parts of consumer articles 
(with the exception of toys) is set to 1 mg PAH per kg product, for each 
of the eight PAHs mentioned in the REACH restriction (EC, 2013); the 
so-called REACH PAH83. Within Annex XVII of REACH an evaluation of 
this specific REACH restriction by the European Commission is 
prescribed before 27 December 2017. As background information for the 
present review, VWS  needs  information on the consumer risks 
associated with exposure to different PAH-concentrations in rubber tiles. 
Consequently, VWS has asked for an estimation of the extra cancer risk 
following the exposure to the REACH PAH8 present in rubber tiles at 
playgrounds, using three different concentrations: concentrations at the 
limit value for rubber tiles, i.e. 8.0 mg REACH PAH8/kg, at 4.0 mg/kg 
and at 0.8 mg/kg.  
 
In earlier studies, three different methods were applied to estimate 
dermal exposure to PAHs from rubber tiles. Two methods were 
described by the German Institute for Occupational Health BAuA in their 
proposal on the restriction of the use of PAHs in rubber products under 
REACH (BAuA, 2010), while the third is the diffusion approach used in 
an earlier study on PAHs in rubber tiles (RIVM 2013). The present report 
summarizes these methods before selecting one of them to estimate the 
dermal exposure (Chapter 2). Other pathways of exposure were also 
considered and some were included in the exposure assessment 
(Chapter 2). A literature search was performed to obtain information on 
the input parameters of the exposure assessment (Chapter 3). We 
aimed at a conservative but realistic exposure estimation (‘reasonable 
worst-case’), using 75th percentiles from the distributions of the 
parameters, rather than maximum reported values, whenever 
information on distributions was available. 
 
In Chapter 4, the carcinogenicity of PAHs is reviewed and in Chapter 5 
we assess the extra cancer risk due to the exposure to PAHs from 
rubber tiles. For the extrapolation of the cancer incidence in animal 
studies to low incidences, in addition to the traditionally used linear 
extrapolation method, an extra approach was applied to visualize (a part 
of) the uncertainty in the cancer risk estimation. Furthermore in Chapter 
5, we derived the PAH product concentrations leading to several pre-
defined extra risk levels (such as 1·10-5, 1·10-6). This may facilitate the 
task for risk managers when establishing a founded product limit value 
at these pre-defined risk levels. In addition, the Margin of Exposures for 
 
2 including rubber mats, pavement, etc., or rubber granules which are compressed, coagulated, glued or 
otherwise fused into tiles, mats, pavement, etc. 
3 benzo[a]pyrene, benz[a]anthracene, benzo[b]fluoranthene, chrysene, benzo[k]fluoranthene, 
dibenz[a,h]anthracene, benzo[e]pyrene, benzo[j]fluoranthene. 
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the three different PAH-concentrations were derived. Finally, the 
discussion on the applied methodology and the findings can be found in 
Chapter 6, whereas Chapter 7 presents the conclusions and 
recommendations.  
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2 Method for exposure assessment 

2.1 Dermal exposure 
To derive the dermal exposure of children to PAHs from rubber tiles in 
playgrounds, BAuA (2010) describe two approaches, and the RIVM 
(2013) describe a third. The methods used by BAuA are the ECETOC and 
migration approach, whereas RIVM used the diffusion approach. The 
three approaches are briefly described in sections 2.1.1-2.1.3. In section 
2.1.4, one of these methods is selected as the preferred approach for 
the current study. 
 

2.1.1 ECETOC approach 
The approach used by the European Centre for Ecotoxicology and 
Toxicology of Chemicals (ECETOC) (BAuA, 2010 page 120) provides an 
exposure estimate based on the recommendations of the ECHA 
consumer exposure guidance document (ECHA, 2010)4 and the ECETOC 
TRA guidance documents (ECETOC, 2004, ECETOC, 2009). Note that the 
intention of using the ECHA and ECETOC TRA guidance documents is to 
provide a conservative estimate of the exposure (Oltmanns et al., 2015, 
Delmaar et al., 2013). 
 
In the ECETOC approach, the external dermal exposure amount is 
derived as: 
 
𝐸𝐸𝐸𝐸𝑒𝑒𝑒𝑒𝑒𝑒 𝑑𝑑𝑒𝑒𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = 𝐶𝐶 ∗ 𝐶𝐶𝐸𝐸 ∗ 𝐿𝐿𝐿𝐿 ∗ 𝑃𝑃𝑃𝑃      eq. 1 
 
EAext dermal external dermal exposure amount [g] 
C  PAH concentration in the rubber product [g/kg] 
CA  contact area of bare skin with the product [m2] 
LT  layer thickness [m] 
PD  product density [kg/m3] 
 
The layer thickness (LT) represents a fictive layer of the product from 
which all PAHs present in that layer are released. The exposure can be 
expressed as dermal load (e.g. in g/m2) or external exposure (e.g. in 
g/kg bw) by dividing the exposure amount by the contact area or body 
weight respectively. In the ECETOC approach, contact times are not 
considered, i.e. the exposure is assumed to occur over an unknown 
period. 
 

2.1.2 Migration approach 
In the BAuA migration approach  (BAuA, 2010) the exposure calculation 
of the ECETOC approach is extended by taking the release rates of PAHs 
from the rubber product into consideration and the contact time with the 
product per playground visit:  
 
𝐸𝐸𝐸𝐸𝑒𝑒𝑒𝑒𝑒𝑒 𝑑𝑑𝑒𝑒𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = 𝐶𝐶 ∗ 𝐶𝐶𝐸𝐸 ∗ 𝐿𝐿𝐿𝐿 ∗ 𝑃𝑃𝑃𝑃 ∗ 𝑅𝑅𝑅𝑅 ∗ 𝐶𝐶𝐿𝐿     eq. 2 
 
 
4 It is noted that the ECHA 2010 document is outdated. However, as this document was used by BAuA in 2010, 
reference to it is maintained in the current document.  
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EAext dermal external dermal exposure amount [g] 
C  PAH concentration in the rubber product [g/kg] 
CA  contact area of bare skin with the product [m2] 
LT  layer thickness [m] 
PD  product density [kg/m3] 
RR  release rate [h-1] 
CT  contact time [h] 
 
In the migration approach, it is assumed that the child moves around on 
a large area covered with rubber tiles. To estimate the dermal exposure, 
BAuA estimates the mass of the product from which PAHs can migrate 
to the skin by multiplying the contact area with a specific layer and 
product density. Subsequently, the amount released from this layer is 
related to the time of contact (in contrast with the ECETOC approach 
where all PAHs present in the layer are assumed to migrate). Again, the 
exposure can be expressed as dermal load (e.g. in g/m2) or external 
exposure (e.g. in g/kg bw) by dividing the exposure amount by the 
contact area or body weight respectively. 
 
In addition, the results of the migration approach can be multiplied by 
the frequency of playground visits to derive the chronic external 
exposure. Subsequently, the chronic internal exposure can be derived 
by using a dermal absorption fraction. 
 
𝐸𝐸𝑖𝑖𝑖𝑖𝑒𝑒 𝑑𝑑𝑒𝑒𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = 𝐸𝐸𝐸𝐸𝑒𝑒𝑒𝑒𝑒𝑒 𝑑𝑑𝑒𝑒𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 ∗ 𝑃𝑃𝐸𝐸 ∗ 𝐹𝐹/𝐵𝐵𝐵𝐵     eq. 3 
 
Eint dermal chronic internal exposure due to dermal exposure [g/kg 
bw/day] 
EAext dermal external dermal exposure amount [g] 
DA  dermal absorption fraction [-] 
F  frequency of playground visits [day-1] 
BW  body weight [kg] 
 

2.1.3 Diffusion approach 
RIVM (2013) used a mechanistic emission model based on the well-
established theory of diffusion of substances in materials. This approach 
firstly describes the diffusion of PAHs through the product to the surface 
of the product. Secondly, at the surface of the tile, dermal exposure 
occurs when the substances are transferred to skin coming into contact 
with this surface. The dermal diffusion model in ConsExpo5 estimates 
the amount of PAHs available for this transfer (Delmaar et al., 2005). 
Subsequently, the concentration in the product’s surface layer is 
supplemented with substances diffusing from deeper within the product.  
 
The diffusion model can be used if the diffusion coefficient of the 
compound in the product is known or can be estimated. The model 
requires the following parameters: 

- Concentration (C [g/m3]): the concentration of PAHs in the 
product. 

- Diffusion coefficient (D [m2/s]): a value indicating how fast a 
substance can diffuse through the product. 

 
5 ConsExpo Web, www.ConsExpo.nl  

http://www.consexpo.nl/
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- Product thickness (PT [m]): the thickness of the product that is in 
contact with the skin. 

- Contact time (CT [h/day]): the duration of skin contact. 
- Contact area (CA [m2]): bare skin area in contact with the 

product. 
 
The concentration in the product is described by the diffusion equation: 
 
  
𝛿𝛿𝐶𝐶(𝑒𝑒,𝑒𝑒)
𝛿𝛿𝑒𝑒

= 𝑃𝑃 𝛿𝛿2

𝛿𝛿𝑒𝑒2
𝐶𝐶(𝑥𝑥, 𝑡𝑡)       eq. 4 

 
D  diffusion coefficient [m2/s] 
C(x,t)  concentration in the product at depth x and time t [g/m3] 
x  depth in the product [m] 
 
The rate of transport of the substance in the material is determined by 
the diffusion coefficient D in the material. The equation above is 
integrated numerically assuming that at the product-air surface, the flux 
of compound is zero (the evaporation of compound from the surface is 
disregarded, which is a worst-case assumption for dermal exposure). 
This integration yields the rate at which the substance is released from 
the surface of the material to the skin, the diffusional flux Φ [g/m2/s]: 
 
𝛷𝛷 = −𝑃𝑃 𝛿𝛿𝐶𝐶(𝑒𝑒,𝑒𝑒)

𝛿𝛿𝑒𝑒
�
𝑒𝑒=𝑑𝑑𝑒𝑒 𝑠𝑠𝑠𝑠𝑑𝑑𝑠𝑠𝑑𝑑𝑠𝑠𝑒𝑒

       eq. 5 

 
D  diffusion coefficient [m2/s] 
C(x,t)  concentration in the product at depth x and time t [g/m3] 
x  depth in the product [m] 
 
This leads to the equation for the diffusion of PAHs from the material to 
the skin (i.e. the flux through the contact area): 
 
𝑑𝑑𝑑𝑑𝑑𝑑𝑒𝑒𝑒𝑒𝑒𝑒 𝑑𝑑𝑒𝑒𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑

𝑑𝑑𝑒𝑒
= 𝐶𝐶𝐸𝐸 ∗ 𝑃𝑃 𝛿𝛿𝐶𝐶

𝛿𝛿𝑒𝑒
�
𝑒𝑒=𝑑𝑑𝑒𝑒 𝑠𝑠𝑠𝑠𝑑𝑑𝑠𝑠𝑑𝑑𝑠𝑠𝑒𝑒

      eq. 6 

 
EAext dermal external dermal exposure amount [g] 
CA  contact area [m2] 
D  diffusion coefficient [m2/s] 
C(x,t)  concentration in the product at depth x and time t [g/m3] 
x  position in the product [m] 
 
When this function is integrated over the contact time, the external 
dermal exposure amount (EAext dermal [g]) is obtained. Subsequently, 
similar to the migration approach, the (chronic) internal dermal 
exposure (Eint dermal [g/kg bw/day]) is given by equation 3. 
 

2.1.4 Comparison of the three approaches 
To perform the exposure assessment, one of the three approaches 
described above needs to be selected as a preferred approach. The aim 
of the exposure assessment is to estimate a realistic exposure, 
therefore, the model giving the most realistic description of the 
processes involved in the exposure will be selected. 
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As already stated, the ECETOC approach provides a conservative 
estimate of exposure as it is designed for screening purposes to identify 
those cases requiring further attention in a risk assessment. The main 
drawbacks of this approach are the use of a hypothetical layer and that 
it disregards contact time. It is assumed that at maximum, on one day, 
all substance present in the defined layer is available for exposure. By 
default, the approach does not describe a specific exposure scenario, as 
it does not differentiate between short-lasting or prolonged contact. 
Clearly, an approach not including an exposure time cannot yield a 
reliable estimate of exposure. This is further elaborated by evaluating 
the use of a ‘layer thickness’, a hypothetical layer limiting the release of 
a substance from the product. The concept of this layer contradicts 
general physics principles, which state that there is a flux of (PAH) 
molecules from a region of higher concentration to one of lower 
concentration. As a consequence, it is physically possible that PAHs 
outside of the defined layer will (over time) contribute to the exposure. 
Furthermore, the definition of a layer is an arbitrary choice. In 
conclusion, because of the physical impossibility of a layer, no empirical 
evidence exists to determine the actual thickness of the layer, and 
default values are solely based on expert judgment (Delmaar et al., 
2013, Oltmanns et al., 2015). 
 
In the migration approach, the absence of the parameter time in the 
ECETOC approach is solved by adding a release rate (i.e. fraction of the 
remaining amount in the product that is released per unit contact time), 
and the contact time. However, as in the ECETOC approach, the 
migration approach assumes PAHs solely migrating out of a particular 
(thickness) layer. As stated above, there is no evidence for an exposure 
limited to the amount present in a defined layer of the product.  
 
The diffusion approach does not have the two drawbacks described 
above: It employs an exposure time and does not apply a hypothetical 
layer thickness, but uses the thickness of the tile. Moreover, of the three 
available approaches, the diffusion approach most accurately describes 
the processes involved in the dermal contact with a contaminated 
product. Models describing the diffusion of substances in materials have 
been developed and successfully applied in the fields of exposure 
assessment of chemicals from building materials and flooring (Huang 
and Haghighat, 2002, Xu et al., 2009) and the modelling of migration of 
chemicals from food packaging (Brandsch et al., 2002, Begley et al., 
2005). 
 
Dermal exposure to a substance emitted from a source can conceptually 
be described as the result of a number of transport processes 
(Schneider et al., 1999). The substance is emitted from the source and 
subsequently transferred to the skin. The emission is driven by diffusion 
of the substance in the material to the article’s surface. In case of PAHs, 
it is assumed that transfer to skin is by direct contact with the skin. At 
the skin, the substance will partition into a layer on the skin, such as 
sweat or skin lipids, or directly into the skin. A disadvantage of the 
diffusion model is that, in general, the processes of mass transfer from 
product to the skin are incompletely understood and poorly quantified. 
For example, it is not known whether a substance first dissolves in 
sweat before it enters the skin, or whether it directly adheres to lipids or 



RIVM Report 2016-0184 

Page 17 of 62 

proteins in the skin. Nevertheless, as we assume that the emission of 
the substance is limited by the diffusion to the materials’ surface, 
detailed information on the transfer of the product to the skin is not 
needed. Given that mass transfer processes from product to the skin are 
not well quantified, the approach to estimate exposure by considering 
the intrinsic emission potential of a product itself seems reasonable.  
 
In conclusion, the diffusion approach is the preferred method because it 
is the most conceptually realistic model. 
 

2.2 Other routes of exposure 
The three approaches described above solely consider dermal exposure 
to PAHs from rubber tiles. Nevertheless, there may be other relevant 
pathways of exposure, such as inhalation and oral exposure. These 
exposure pathways are addressed below. 
 

2.2.1 Inhalation exposure 
Llompart et al. (2013) searched for evaporated EFSA PAH8 from 
playground tile samples at temperatures up to 60°C6 (selected 
temperature based on (Mattina et al., 2007)), but could not detect any. 
On the other hand, Llompart et al. (2013) did measure evaporation of 
benz[a]anthracene and chrysene, the two most volatile PAHs included in 
EFSA PAH8, at 60°C from newly purchased tiles. This indicates that 
inhalation exposure of these two PAHs may occur and subsequently this 
will result in higher exposure than that currently derived based on 
dermal and oral exposure only. However, the information on the 
evaporation is too limited to quantify the possible underestimation of the 
exposure to the two relatively high volatile PAHs. Other investigators 
measured PAHs evaporating from rubber granulate and concluded that 
inhalation exposure at artificial turf athletic fields results in extra risks of 
10-9 up to 10-6 in a lifetime (Menichini et al., 2011, Kim et al., 2012, 
Marsili et al., 2014). On the other hand, a Norwegian study 
demonstrated that indoor air concentrations of benzo[a]pyrene (BaP) 
evaporated from rubber granulate in sports halls were lower than the 
indoor air concentration limit for BaP (NIPH, 2006).  
 
In summary, the information on the relevance of evaporation of PAHs 
from rubber is inconclusive. Moreover, evaporation from artificial-turf 
fields is not a good a proxy for rubber tiles, because the former have a 
higher surface area to weight ratio, which heavily influences 
evaporation. For these reasons, we excluded the inhalation route 
(including the inhalation of particle-bound PAHs) from the present 
assessment; this may result in an underestimation of the exposure. 
Nevertheless, this underestimation is expected to be limited, since the 
six low volatile PAHs have not been detected in air above new or old 
rubber tiles. Furthermore, it is assumed that outdoors, PAH 
concentrations in the air will quickly be diluted to negligible 
concentrations.  
 

 
6 A temperature of 60°C was selected because Mattina et al. (2007) measured temperatures of 55°C when 
crumb rubber was directly exposed to sunlight at an exterior air temperature of 31°C, concluding that 60°C 
belongs to the reasonable temperature range accessible under field conditions. 
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2.2.2 Oral exposure 
Oral exposure to PAHs from rubber tiles may occur due to hand-to-
mouth transfer of PAHs present on the skin of hands after dermal 
exposure, and is calculated by multiplying the dermal exposure by a 
hand-to-mouth transfer fraction (see eq. 7). This exposure is taken into 
account in the current study. The internal oral exposure, required for the 
summation of different exposure routes, is calculated using an oral 
absorption fraction (see eq. 7). Subsequently, the results can be 
multiplied by the frequency of playground visits to derive the chronic 
internal exposure: 
 
𝐸𝐸𝑖𝑖𝑖𝑖𝑒𝑒 𝑜𝑜𝑑𝑑𝑑𝑑𝑑𝑑 = 𝑑𝑑𝑑𝑑𝑒𝑒𝑒𝑒𝑒𝑒 𝑑𝑑𝑒𝑒𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑,ℎ𝑑𝑑𝑎𝑎𝑑𝑑𝑎𝑎∗𝐻𝐻𝐻𝐻𝐻𝐻∗𝑂𝑂𝑑𝑑∗𝐹𝐹

𝐵𝐵𝐵𝐵
     eq. 7 

 
Eint oral  chronic internal exposure due to oral exposure [g/kg 
bw/day] 
EAext dermal,hands external dermal exposure amount on hands [g] 
HMT  hand-to-mouth transfer fraction [-] 
OA  oral absorption fraction [-] 
F  frequency of playground visits [day-1] 
BW  body weight [kg] 
 

2.2.3 Exposure to small pieces or particles 
Oral, dermal and inhalation exposure to PAHs from the tiles may also 
occur due to ingestion, adhesion to skin and inhalation of small pieces of 
rubber tiles which may be present due to wear and abrasion of the tiles. 
We did not consider these routes of PAH exposure because information 
on wear and abrasion is not available, neither is information on 
ingestion, adhesion to skin, and inhalation processes of small pieces of 
rubber. Exclusion of the exposure to small pieces and particles results in 
an underestimation of the exposure in the present assessment. This 
underestimation is probably small as it is assumed that damaged tiles 
will be quickly replaced. 
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3 Exposure assessment 

3.1 Scenario description 
In the reasonable worst-case scenario used for the exposure 
assessment, a child is assumed to visit a playground with rubber tiles 
containing PAHs for a few hours per day, on a number of days per year, 
from the age of 2 up to and including 12. This age range was selected 
since children in this age range start walking, visit playgrounds, and go 
to a day care centre or elementary school where playground equipment 
accompanied by rubber tiles are likely to be present. During these visits, 
the child can contact the rubber tiles with his/her bare hands, feet or 
legs. Due to hand-to-mouth behaviour, oral exposure to the PAHs is 
assumed to take place for children younger than 6 years. Inhalation of, 
dermal contact with, and the oral ingestion of small pieces of worn tiles 
were not included in the exposure assessment. 
 
The exposure assessment is performed for the eight PAHs as defined in 
the REACH restriction for PAHs in accessible rubber or plastic parts in 
articles or toys (REACH PAH8, see Chapter 4). For the assessment of the 
PAH exposure from rubber tiles, three product concentrations were 
used: 8 mg PAH8/kg tile (product limit), 4 mg/kg tile and 0.8 mg/kg 
tile. 
 
As described in Chapter 2, the diffusion approach was used to derive the 
dermal exposure, and in addition, the oral exposure due to hand-to-
mouth contact was estimated. Calculation of the dermal exposure using 
the diffusion approach requires information on the time of contact with 
the tiles, the diffusion coefficient of PAHs in the tiles, the contact area, 
and the thickness of the tiles. The PAH concentration in mg/kg tile was 
transformed into g/m3 using the tile’s weight per surface area and the 
tile thickness. To calculate the oral exposure, the hand-to-mouth 
transfer was used. For estimation of the long-term internal exposure, 
the dermal and oral absorption fractions, the playground visiting 
frequency, and body weight are essential. The values selected for each 
of these parameters are described below.  
 

3.2 Parameter values 
3.2.1 Selection of parameter values 

Since the objective of the current study is to perform a reasonable 
worst-case exposure assessment, we aimed at using 75th percentiles 
from the parameter distributions rather than using maximum values or 
means. It is expected that in general, when using the 75th percentiles of 
multiple uncorrelated parameters as input for a multiplicative model, 
(approximately) the 99th percentile of exposure will be obtained. 
Choosing higher percentiles from each of the input data, such as a 90th 
percentile, quickly leads to an unrealistic overestimation, and the effect 
of this accumulation of worst-case assumptions increases with the 
increasing number of input parameters (te Biesebeek et al., 2014). For 
this reason, (an estimate of) the 75th percentile of the parameter’s 
distribution was used. However, for some parameters, insufficient 
information was available about the distribution of the parameter 
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values. In those cases, we applied the maximum value (see also Table 
16 in the discussion).  
 

3.2.2 Frequency and duration of playground visit 
The scenario describes children playing in a playground for a specific 
duration.  
Table 1 gives an overview of the literature available on  the duration and 
frequency of playground visits. The lack of recent data hampers an 
accurate estimation of frequency and duration of a playground visit, as 
we expect that children currently spend more time indoors than they did 
a decade ago. Despite the uncertainty, the available data indicate that a 
considerable proportion of children visit a playground one or multiple 
times per week, and a considerable number of these visits are for one or 
more hours. Based on this, we consider a frequency of playground visits 
for all age groups, including visits to playground equipment at schools 
and day care centres, of 5 days per week, with a duration of 2 hours per 
day per visit.  
 
Table 1: Summary of literature about duration and frequency of playground visit 
(OEHHA, 2007) 
Study Age Time and/or frequency of playground 

visit 
Country 

(Bjorklid-
Chu, 1977)  

1-15 years “practically every day”: 56%   
“About once a week”: 27%  
“About once a month”: 7% 
“Never”: 7% 
“Don’t know”: 3% 

Sweden 

(Air 
Recources 
Board, 1991) 

Under 12 
years 

An average of 49 minutes per day for 
those surveyed 

US California 

(Gallup, 
2003) 
(as cited by 
OEHHA, 
2007) 

3-12 years 1) Daily or several times a week for 
29% of those surveyed. 
2) At least 1-2 hours per visit for 52% 
of those surveyed. 

US National  

 
On playground visiting days, dermal contact may occur to various parts 
of the body. For the present assessment, it is assumed that direct 
dermal contact is relevant for hands, legs and feet. We assume that 
throughout the year, children have dermal contact with rubber tiles with 
both bare hands, with a frequency of 5 days per week, resulting in 261 
days/year. In addition, it is assumed that on days with a maximum 
temperature above 20°C, children play outside with bare feet and 
wearing shorts. This implies that on these days, not only is dermal 
contact with both bare hands possible, but also with bare feet and/or 
legs.  
Table 2 shows the number of days per month in the past four years 
when the maximum temperature was above 20°C, in De Bilt, the 
Netherlands (KNMI, 2016); on average there were 93 days in the period 
April-September. Given a frequency of 5 days per week, it is assumed 
that children will be exposed via feet and legs on 66 days per year.  
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Table 2: Number of days per month where the maximum temperature was 
higher than 20°C, in the past 4 years, in De Bilt, the Netherlands (KNMI, 2016). 
 Number of days >20° C 
 2016 2015 2014 2013 Average per 

year 
April 1 3 8 4  
May 13 4 10 5  
June 18 14 19 12  
July 26 23 28 26  
August 27 27 18 30  
September 27 3 21 6  
Total 112 74 104 83 93 
 

3.2.3 Tile contact time with hand, feet and legs 
There is a lack of data on ground contact time with hands, feet and legs 
during playground visits. Studies on play-behaviour show a maximum 
contact of hands with the ground of 12-16 min/hour (Beamer et al., 
2012, Auyeung et al., 2006) (see Table 3). For the exposure 
assessment, the 75th percentile of the study of Auyeung et al. was taken 
for the hand-tile contact time (7.2 min/hour) for all age groups. On days 
with temperatures above 20°C, for the legs-tile contact time, the 
assumption was made that tile-contact with legs is the same as with 
hands (7.2 min/hour). For the feet-tile contact time a (maximum) value 
of 30 min/hour is assumed. This assumption is based on the fact that a 
child does not always stand on both 2 feet for example during 
walking/running or may not be standing/walking on the rubber tiles at 
all. 
 
Table 3: Hands to floor hourly contact duration (minutes per hour). 
(Auyeung et al., 2006) children aged 1-6 years 
Both hands Min/hour 
Range 0-16.4 
Mean 4 
5th percentile 0.2 
25th percentile 0.5 
50th percentile 2.4 
75th percentile 7.2 
95th percentile 12.2 
99th percentile 15.2 
(Beamer et al., 2012) children aged 7-12 years 
Range 0-12.2 
Mean 1.9 
Median 0.9 
 

3.2.4 Body weight and contact area of feet hands, legs and feet 
Table 4 shows the 25th percentiles for the body weight in kg and surface 
area of relevant parts of the body in m2. As a lower body weight will 
give a higher exposure, the 25th and not the 75th percentile is used. For 
surface area, the 25th percentile is also applied because surface area is 
proportional to body weight. Only part of these body surfaces can be in 
contact with the ground at the same time. However, there is a little 
information on which parts of these body-parts are actually in contact 
with the object, in this case the rubber tiles. Therefore, in the exposure 
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calculations in this report, as a worst-case assumption, the surface 
areas of the body parts are divided by two to obtain the contact surface 
areas. The anthropometric data apply to both genders. The approach 
then assumes an effective contact between tile and the skin for the 
contact time, as described in section 3.2.3. 
 
Table 4: Body weight and contact areas of hands, legs and feet (te Biesebeek et 
al., 2014, Tables 18 and 31). 
Age 
(year) 

Body weight 
(kg) 

Surface area of relevant parts 
of the body (m2)a 
Hands Legs Feet 

1 9.8 0.027 0.109 0.030 
2 12.4 0.027 0.144 0.036 
3-6 15.7 0.033 0.176 0.044 
6-11 24.3 0.046 0.256 0.062 
11-16 44.8 0.064 0.421 0.095 
a note that in the exposure calculations the areas are divided by 2, 
because only a part of the body parts can be in contact with the ground 
at the same time. 
 

3.2.5 Tile thickness  
Recycled car tyres are used for the production of rubber tiles. The tiles 
mainly consist of styrene-butadiene rubber (SBR), a general-purpose 
synthetic rubber produced from a copolymer of styrene and butadiene 
(Ropema-europe, 2016).  
 
Rubber tiles are produced in different sizes and thickness (Table 5). The 
tile thickness correlates with the fall height. At playgrounds with slides 
or swings, there is a minimum need for rubber tiles with an appropriate 
fall height of at least one meter, even if the slide or swing is less than 
one meter high. Tiles with a greater thickness are needed when the fall 
height is higher (EN1177, 2008). The rubber tile data in Table 5 shows 
that a rubber tile thickness of 40 mm corresponds with a fall height of 
1.3m or 1.4m depending on the information provided by the 
manufacturer. Therefore we chose  a tile thickness of 40 mm for this 
parameter, assuming most playgrounds contain slides or swings with a 
minimum fall height of at least one meter (EN1177, 2008).  
Table 5 shows that a rubber tile of 40 mm thickness (Ropema-europe, 
2016) corresponds with a weight of 23 kg per m2 which was used in the 
exposure assessment. 
 
Table 5: Specifications of rubber tiles. 
Size (mm) Thickness 

(mm) 
HICa/m 
(EN1177) 

Weight/m2 
(kg) 

Source 

500 x 500 25 1.0m 16 (Ropema-europe, 2016) 
500 x 500 40 1.4m 23 (Ropema-europe, 2016) 
500 x 500 45 1.6m 27 (Ropema-europe, 2016) 
500 x 500 75 2.5m 37 (Ropema-europe, 2016) 
500 x 500 80 2.6m 50 (Ropema-europe, 2016) 
500 x 500 100 3.0m 57 (Ropema-europe, 2016) 
500 x 500 45 - 24 (Rubbermagazijn, 2016) 
1000 x 1000 65 - 31.5 (Rubbermagazijn, 2016) 
500 x 500 40 1.3m - (Boer, 2016) 
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Size (mm) Thickness 
(mm) 

HICa/m 
(EN1177) 

Weight/m2 
(kg) 

Source 

500 x 500 45 1.5m - (Boer, 2016) 
500 x 500 65 2.0m - (Boer, 2016) 
500 x 500 80 2.6m - (Boer, 2016) 
500 x 500 25 0.9m 19.2 (Gamma, 2016) 
500 x 500 30 0.9m 18 (Rubberen-tegel.nl, 2016) 
500 x 500 40 1.3m 22 (Rubberen-tegel.nl, 2016) 
500 x 500 25 0.9m 16 (Rubbertegelwinkel, 2016) 
500 x 500 25 0.9m - (Technoah, 2016) 
500 x 500 45 1.6m - (Technoah, 2016) 
500 x 500 60 1.9m - (Technoah, 2016) 
a HIC=Head injury criterion (EN1177, 2008) 
 

3.2.6 Diffusion coefficient of PAHs in tile 
As mentioned above, rubber tiles are made of recycled car tyres and 
consist mainly of styrene-butadiene rubber (SBR) (Ropema-europe, 
2016). Schwope and Goydan (1990), presenting diffusion coefficients as 
a function of molecular weight, estimated that the diffusion coefficient 
for PAHs at 25°C ranges from values of 6·10-14 - 6·10-13 m2/s (low 
density polyethylene, LDPE), 6·10-13 - 1·10-11 m2/s (rubber including 
SBR) and 6·10-11 m2/s (silicone rubber). Measurements of diffusion 
coefficients of PAHs at 20°C by Rusina et al. (2010) confirm the values 
for LPDE (10-13 - 10-12 m2/s) and silicon rubber (10-11 - 10-10 m2/s). For 
this reason, the values for SBR estimated by Schwope and Goydan 
(1990) are also considered reliable. The upper estimate of their range, 
(10-11 m2/s) is used in the exposure calculations.  
 
The diffusion coefficient (estimated at 25°C, Schwope and Goydan, 
1990) increases exponentially with temperature (Schwope and Goydan, 
1990). Tiles can be heated by the sun; a temperature of 55°C has been 
measured in rubber crumbs exposed to direct sunlight (Mattina et al., 
2007)), so a higher diffusion coefficient and therefore higher dermal 
exposure will occur on warm, sunny days. This will especially affect the 
exposure to the feet and legs, because we assume dermal contact with 
legs and feet on days with a temperature above 20°C. For the exposure 
of the hands throughout the year, the varying diffusion coefficients due 
to low and high temperatures may average out. 
Although the temperature dependency of the diffusion coefficient affects 
the dermal exposure, we did not take temperature dependency into 
account due to a lack of quantitative information. This probably has led 
to an underestimation of the dermal exposure in legs and feet.  
 
The migration rate of PAHs from rubber to skin has been investigated 
using lipophilic matrices, e.g. vaseline, massage oil and Tenax (Hofstra, 
2007, Fraunhofer, 2016), human and pig skin (Bartsch et al., 2016). 
Nevertheless, as information on the initial concentration in the product 
and time-dependency of the migration is not given in these studies, a 
diffusion coefficient for PAHs in rubber could not be derived from these 
data. 
 

3.2.7 Dermal absorption fraction  
Studies investigating the dermal absorption fraction of PAHs in animals 
and humans have used soil or a solvent like acetone or ethanol as 
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vehicle. Ruby et al. (2016) and Spalt et al. (2009) reviewed earlier 
investigations of dermal absorption of BaP from a different matrix, 
namely soil. Figure 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 Appendix 1 for detailed 
information on the data). Dermal uptake of BaP/PAHs from soil appears 
to be lower compared to the situation when acetone or ethanol was used 
as a vehicle (Figure 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 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 other 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 required 
absorption fraction is probably larger 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 report 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 and 
larger than most findings using soil as a vehicle (Figure 1).  

 
Figure 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. 
 

3.2.8 Oral absorption fraction  
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 6 
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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 
differences 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 the pig study the 
PAHs were administered orally via milk, which is considered a relevant 
vehicle because it is likely that children playing outside are (semi-) fed 
rather than fasted. For these reasons, in this report an oral absorption 
fraction of 0.3 (30%) was assumed, based on the report by Cavret et al. 
(2003) 
 
Table 6: Overview oral bioavailability studies. 
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) 
 

3.2.9 Hand-to-mouth transfer  
Hand-to-mouth activity is an important contributor to child exposure to 
environmental contaminants (OEHHA, 2007). In our report, oral 
exposure via hand-to-mouth contact is assumed to be applicable for 
children up to and including 5 years old (Ter Burg et al., 2007).  
Table 7 shows an overview of hand-to-mouth transfer efficiency studies, 
of which most were performed with adults. In the studies listed below, 
hand-to-mouth transfer ratios (i.e. the amount of –free, so not bound to 
particles- PAHs that is transferred from the hand to the mouth divided 
by the total amount, expressed as percentage) are between 10-56% for 
adults, and 3-53% for children.  
 
A hand-to-mouth transfer efficiency value of 50% has been used by 
other agencies in Europe and the US. In Europe this value is used in the 
admittance of biocides (ECHA, 2016) as well as in the exposure 
assessment of these substances (Bremmer et al., 2006). The U.S. 
Consumer Product Safety Commission (CPSC, 1997) used a value of 
50% when estimating oral exposure via hand-to-mouth contact to 
children’s PVC products (Sahmel et al., 2015). The U.S. EPA Office of 
Pesticide Programs used 50% as a default value for estimating hand-to-
mouth exposure to pesticides (US EPA, 2001). An exposure assessment 
of wood preservatives by the California Department of Health Services 
used 50% for arsenic, chromium and copper (Sahmel et al., 2015). 
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OEHHA (2007) provides a hand-to-mouth transfer of 50% based on the 
(US EPA, 2001) standard value of 50% for hand-to-mouth transfer 
efficiency. Since specific information on the hand-to-mouth transfer of 
PAHs is not available, considering the data above, the value of 50 % for 
hand-to-mouth transfer is used in the present study.  
 
Table 7: Overview of hand-to-mouth transfer efficiency studies. 

Test substance Population Hand-to-mouth 
transfer efficiency 

Reference 

Liquids (vinegar) Adults 36.8% (± 31.9) (Gorman 
Ng et al., 
2014) 
 

Powders 
(calcium acetate 
and magnesium 
carbonate) 

Adults 56.6% (± 42.2) (Gorman 
Ng et al., 
2014) 

Powders Adults 10.1-21.9% (median 
15.9%) 

(Gorman 
Ng et al., 
2014) 

Biological 
substances 

Adults 33.9-41.0% (median 
34%) 

(Gorman 
Ng et al., 
2014) 

Lead Adults 24% (range 12-34%) (Sahmel et 
al., 2015) 

Soil  Adults 10.1% (range 8.7-
11.8%) (thumb sucking) 
15.9% (range 13.8-
18.4%) (finger 
mouthing) 

(Kissel et 
al., 1998) 

Riboflavin College-
aged 

34% (range 0.7-34%) (Cohen 
Hubal et 
al., 2005) 

Dust Toddler 
Child 
Teen 
Adult 
Senior 

53% ± 101 
41% ± 82 
2.8% ± 5.2 
3.3% ± 5.8 
3.4% ± 6.1 

(Wilson et 
al., 2013) 

 
3.3 Exposure assessment 
3.3.1 Summary of selected parameters for exposure assessment 

Tables 8 and 9 present a summary of all the parameters used in the 
dermal and oral exposure assessment of PAHs from rubber tiles 
(diffusion approach) in the present study.  
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Table 8: Input parameters for the dermal and oral exposure calculation. 
Parameter Abbreviation Value Unit Reference 
General/dermal 
exposure 

    

Concentrationa  C 8; 4; 0.8 mg/kg Current reportb 
Duration of 
playground visit 

 2 h/day (BAuA, 2010) 

Product mass per 
surface area 

 23 kg/m2 (Ropema-europe, 
2016) 

Tile thickness  4 cm (Ropema-europe, 
2016) 

Diffusion coefficient 
in product 

D 1 x 10-11  m2/s (Rusina et al., 2010) 

Dermal absorption 
fraction 

DA 0.2   Current report, based 
on Ruby et al. (2016) 
and Spalt et al. (2009) 

Hands     
Frequency of 
playground visit with 
hand-ground contact 

F 261 / 365 day-1 Current report, based 
on (Gallup, 2003) 

Hand-ground contact 
time 

CT 7.2 min/h (Beamer et al., 2012, 
Auyeung et al., 2006) 

Legs     
Frequency of 
playground visit with 
leg-ground contact 

F 66 / 365 day-1 Current report 

Leg-ground contact 
time 

CT 7.2 min/h Current report 

Feet     
Frequency of 
playground visit with 
feet-ground contact 

F 66 / 365 day-1 Current report 

Feet-ground contact 
time 

CT 30 min/h Current report 

Oral exposure     
Oral absorption 
fraction 

OA 0.3   (Cavret et al., 2003) 

Hand-to-mouth 
transferc 

HMT 50  % (OEHHA, 2007, US 
EPA, 2001) 

a sum of eight REACH PAHs 
b As described in the assignment by the Ministry of Public Health, Welfare and Sports 
c Only used for the age group 2-6 years 
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Table 9: Body weight and contact areas of hands, legs and feet (te Biesebeek et 
al., 2014, Tables 18 and 31). 
Age 
(year) 

Body weight 
(kg) 

Contact area of relevant parts 
of the body (m2) 
Hands legs Feet 

2 12.4 0.014 0.072 0.018 
3 to 6 15.7 0.017 0.088 0.022 
6 to 11 24.3 0.023 0.128 0.031 
11 to 13 44.8 0.032 0.211 0.048 
 

3.3.2 Exposure assessment 
Using the parameter values presented in Tables 8 and 9, the diffusion 
model was applied to calculate the external dermal exposure amount 
after contact with rubber tiles containing 0.8, 4 and 8 mg PAH8/kg tile. 
This calculation was performed for hands, legs and feet separately 
because the contact area and contact time vary with the body parts. 
Similarly, the calculations were performed for each age (group) 
separately because of the varying contact areas with age. 
The internal dose due to dermal exposure was derived using equation 3. 
The internal dose due to oral exposure after hand-to-mouth contact was 
derived using equation 7, based on the parameters presented in Tables 
8 and 9. The oral exposure for children aged 6 or more is zero, because 
for these ages, hand-to-mouth contact is assumed to be absent. The 
total chronic internal dose was derived by summing the internal doses 
from dermal hand, leg and feet and from oral exposure. Subsequently, 
the age-weighted mean internal daily dose for over the ages 2 to 13 was 
derived. All results are reported in Table 10. From this table it can be 
concluded that dermal exposure is more important (a factor of 5 higher) 
than oral exposure for those age groups where hand-to-mouth contact is 
assumed. Furthermore, within the dermal exposure pathway, the 
exposure of legs and feet is higher than that of hands (a factor of 3). 
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Table 10: Estimation of exposure using the diffusion approach. 
Tile 
concen-
tration 
(mg/kg) 

Age 
(year) 

External dermal exposure amount 
(EAext dermal, mg) 

Dermal chronic (internal) 
dose (mg/kg bw/day) 

Oral chronic 
(internal) 
dose (mg/kg 
bw/day) 

Total chronic 
(internal) dose 
(mg/kg 
bw/day) Hands Legs Feet hands Legs feet 

0.8 2 5.6·10-6 2.9·10-5 3.1·10-5 6.5·10-8 8.4·10-8 8.9·10-8 4.8·10-8 2.9·10-7 
 3 to 6 6.8·10-6 3.5·10-5 3.7·10-5 6.2·10-8 8.1·10-8 8.6·10-8 4.6·10-8 2.8·10-7 
 6 to 11 9.2·10-6 5.1·10-5 5.3·10-5 5.4·10-8 7.6·10-8 7.8·10-8 0 2.1·10-7 
 11 to 13 1.3·10-5 8.4·10-5 8.2·10-5 4.1·10-8 6.8·10-8 6.6·10-8 0 1.7·10-7 
          
 2 to 13        2.3·10-7 a 
4 2 2.8·10-5 1.4·10-4 1.5·10-4 3.2·10-7 4.2·10-7 4.4·10-7 2.4·10-7 1.4·10-6 
 3 to 6 3.4·10-5 1.8·10-4 1.8·10-4 3.1·10-7 4.1·10-7 4.2·10-7 2.3·10-7 1.4·10-6 
 6 to 11 4.6·10-5 2.6·10-4 2.6·10-4 2.7·10-7 3.8·10-7 3.8·10-7 0 1.0·10-6 
 11 to 13 6.4·10-5 4.2·10-4 4.0·10-4 2.0·10-7 3.4·10-7 3.2·10-7 0 8.7·10-7 
          
 2 to 13        1.1·10-6 a 
8 2 5.6·10-5 2.9·10-4 3.1·10-4 6.5·10-7 8.4·10-7 8.9·10-7 4.8·10-7 2.9·10-6 
 3 to 6 6.8·10-5 3.5·10-4 3.7·10-4 6.2·10-7 8.1·10-7 8.6·10-7 4.6·10-7 2.8·10-6 
 6 to 11 9.2·10-5 5.1·10-4 5.3·10-4 5.4·10-7 7.6·10-7 7.8·10-7 0 2.1·10-6 
 11 to 13 1.3·10-4 8.4·10-4 8.2·10-4 4.1·10-7 6.8·10-7 6.6·10-7 0 1.7·10-6 
          
 2 to 13        2.3·10-6 a 

a age-weighted mean 
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4 Hazard assessment 

4.1 PAH marker groups 
PAHs constitute a large class of organic compounds composed of two or 
more fused aromatic rings. They are primarily formed by incomplete 
combustion, pyrolysis of organic matter, and during various industrial 
processes. PAHs generally occur in complex mixtures, which may consist 
of hundreds of compounds. PAHs are generally regarded as being 
potentially genotoxic and carcinogenic to humans (IARC, 2010, IPCS, 
1998).  
 
A main issue in the risk assessment of PAHs is the quantification of the 
carcinogenic potency of PAH mixtures. The composition of the mixtures 
encountered in food, consumer products and the environment varies, 
resulting in varying carcinogenic potencies. Benzo[a]pyrene (BaP) has 
been used as a marker of occurrence and effect of the carcinogenic PAHs 
in food, based on examinations of PAH profiles in food and on evaluation 
of a carcinogenicity study of two coal tar mixtures in mice (Culp et al., 
1998). Based on the two experiments with coal tar by Culp et al., the 
total carcinogenic potency of PAH mixtures is related to their content of 
BaP (as marker). Nevertheless, in 2008, EFSA concluded that BaP is not 
a suitable indicator for the occurrence of PAHs in food and thus for 
exposure, and expanded the marker method from one (BaP) to four 
markers, the so-called EFSA PAH4 (Table 11), and to eight markers 
(EFSA PAH8). EFSA concluded that EFSA PAH4 and EFSA PAH8 are both 
suitable indicators of PAHs in food, with EFSA PAH8 not providing much 
added value compared to EFSA PAH4.  
 
Table 11: Overview of PAH marker groups. 
EFSA PAH4 EFSA PAH8 REACH PAH8 CAS 
Benzo[a]pyrene Benzo[a]pyrene Benzo[a]pyrene 50-32-8 
Benz[a]anthracene Benz[a]anthracene Benz[a]anthracene 56-55-3 
Benzo[b]fluoranthene Benzo[b]fluoranthene Benzo[b]fluoranthene 205-99-2 

 
Chrysene 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 
 
In a similar fashion, BAuA argued that consumers will often be exposed 
to a mixture of many PAHs at different relative proportions, depending 
on the material used in the production of the respective consumer 
article. They assume that by setting limits for both BaP and the sum of 
all of the eight known carcinogenic congeners, a good part of the 
compositional variability is covered. The eight PAHs proposed by BAuA 
as PAH8 are classified carcinogens of category 1B (EC, 2008). 
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Benzo[a]pyrene and chrysene are also classified mutagens of category 
1B and 2, respectively (EC, 2008).  
 
The REACH PAH8 group was adopted the European Commission in the 
restriction of PAHs (EC, 2013), which regulates the maximum levels of 
PAHs permitted in consumer articles. Note that six of the eight PAHs 
from the groups from EFSA and REACH are the same, but two differ.  
 

4.2 Carcinogenicity of REACH PAH8 
Experimental data on the toxicity of the REACH PAH8 group of ECHA are 
not available, while the toxicity of the EFSA PAH8 group can be assessed 
using the data from Culp et al. (1998). Note that from Culp et al. 
(1998), only the total carcinogenicity of the PAH mixture is known at the 
applied concentrations of the PAHs. In the marker approach, this total 
carcinogenicity is assumed to correspond with a specific (e.g. PAH4 or 
PAH8) marker group. When applying the EFSA PAH8 group, it is possible 
to calculate the sum of the doses of the eight EFSA PAHs, and relate this 
summed dose to an effect. However, two of the eight PAHs from the 
REACH PAH8 group are not measured in the Culp et al.’s mixture 
(1998). Hence, to assess the carcinogenicity of the REACH PAH8 in the 
rubber tiles, 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]pyrene7. In this case, the dose-response (and 
hence the BMDL10) will be the same, regardless of the choice of PAH8 
group. Subsequently, the toxicity of EFSA’s PAH8 group can be applied 
in the current assessment to estimate the extra cancer risk of exposure 
to the REACH PAH8 from rubber tiles. As mentioned above, Culp et al. 
do not report benzo[e]pyrene and benzo[j]fluoranthene concentrations 
in the mixtures used. However, it is unclear if they attempted to identify 
these two PAHs at all. For this reason, a direct verification of the 
reliability of this assumption is not possible.  
 
Information of the concentrations of PAHs in two other coal tar pitch 
mixtures is available (EU, 2008). This 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 (11,106 and 9,061 mg/kg) and 
indeno[1,2,3-cd]pyrene (9,945 and 8,664 mg/kg) in these mixtures. 
Unfortunately, the REACH PAH benzo[j]fluoranthene was not analysed. 
Nevertheless, the available information indicates that the assumption on 
similar concentrations of the deviating PAHs in the two PAH8 groups is 
defendable. 
 

4.3 Carcinogenicity of PAHs in rubber tiles 
With the assumed carcinogenic potency of the REACH PAH8 (see the 
section above) at the concentrations in the coal tar mixtures assessed 
by Culp et al. (1998), the next step in the hazard assessment is to 
consider the composition of the PAH mixture in the rubber tiles. The 

 
7 Note that it is not necessary to assume that these substances have a similar potency and contribution to the 
carcinogenic 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. 
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marker method can be applied to mixtures, provided that the 
composition of the mixture is similar to the composition of the coal tar 
applied in Culp’s two animal experiments (1998). Available PAH4 
concentrations measured in rubber tiles (RIVM, 2013) indicate that the 
mixture composition of PAHs in these tiles is indeed similar to the PAH4 
and partial PAH8 mixtures applied in the animal experiments (as all 
PAH4 substances overlap with the PAH8 group by EFSA), based on the 
ratios to BaP content (Table 12). For this reason the EFSA PAH4 marker 
method was used in a previous RIVM report on PAHs in rubber tiles 
(2013) (see section 6.4.3 for more information). Nevertheless, as  our 
study is on the REACH PAH8, because this is in line with the existing 
legislation on PAHs in consumer articles (EC, 2013), the PAH8 marker 
method will be used. For this, it is assumed that the remaining four 
PAHs are also present in the tile in the same ratio as noted in the 
toxicity study. Data from the Dutch Food and Consumer Product Safety 
Authority (NVWA, 2014) on five REACH PAHs in eight different rubber 
tiles, indicate that for benzo[k]fluoranthene, the ratio to BaP (n=1) is 
similar to that of Culp’s study. For benzo[a]anthracene and 
benzo[b]fluoranthene the ratio is lower than in the mixtures of Culp, 
while for chrysene the ratio is dependent on the scenario assumed for 
the non-detects (Table 12). Consequently, the assumption that the 
composition of tiles is similar to that of the coal tar mixtures used by 
Culp can only be partially confirmed. 
 
Based on the two animal studies with coal tar, EFSA derived an external 
oral BMDL10 (the dose at which 10% of the study animals get a tumour) 
for the EFSA PAH8 of 0.49 mg/kg bw/day. As explained above, this is 
also the value we applied for the REACH PAH8 in the rubber tiles. 
Subsequently, we assumed the oral absorption in mice to be similar to 
that in rat, and selected a reasonable worst-case percentage of 30% 
(see Table 6). Applying these values, the internal BMDL10 of the PAH8 in 
the rubber tiles is 0.15 mg/kg bw/day. The internal BMDL is required to 
enable comparison of the BMDL with the internal dose calculated from 
the dermal exposure using the diffusion approach, and the oral exposure 
resulting from hand-to-mouth contact.  
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Table 12: PAH mixture composition in rubber tile and toxicity study. 
  PAH Mixture in tile 

(RIVM, 2013) 
Mixture in tile 
(NVWA, 2014) Ratio to BaP in 

study of Culp 
(EFSA, 2008, Table 
27) 

Conc. 
(mg/kg) 

Ratio to 
BaP 

Mean 
conc.a 
(mg/kg) 

Mean 
ratio to 
BaPb 

  Mixture 1 Mixture 2 

EF
S

A
 P

A
H

8
 

EF
S
A
 

PA
H

4 

BaP 101 - 4.2 - - - 
Chrysene 133 1.3 2.8 0.5/1.0c 1.3 1.1 
Benzo[a]anthracene 121 1.2 2.2 0.6/0.6 1.3 1.2 
Benzo[b]fluoranthene 144 1.4 2.7 0.6/0.7 1.1 1.0 

 

Benzo[k]fluoranthene ND  1.6 0.3/0.3c 0.38 0.37 
Benzo[ghi]perylene ND    0.81 0.83 
Dibenz[a,h]anthracen
e 

ND    0.74 0.72 

Indeno[1,2,3-
cd]pyrene 

ND    0.15 0.13 

ND: not determined 
a calculated assuming non-detects having a concentration equal to the limit of 
quantification. 
b calculated leaving out the one tile without any positive concentrations, for two scenarios: 
assuming non-detects having a concentration equal to the limit of quantification and 
assuming non-detects having a concentration of 0 mg/kg. 
c n=1 (the other measurements were non-detects). 
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5 Risk assessment 

5.1 Estimating the extra cancer risk of PAH 
At this point, we have estimated the total exposure (Chapter 3) and the 
dose of PAH8 at which 10% of the study animals develop a tumour 
(BMDL10; Chapter 4), both expressed as an internal exposure. The next 
step, performed in this chapter, is the estimation of the extra cancer risk 
of PAH8 at the estimated internal exposure level. To achieve this, the 
BMDL10 needs to be extrapolated to the risk following from the dose 
level calculated in Chapter 3. For this, two approaches were applied: 
linear extrapolation and model extrapolation. In both approaches, the 
extra cancer risk of exposure to PAH8 from rubber tiles during childhood 
are expressed as the extra risk during a lifetime.  
As requested by VWS, the Margin of Exposure (MoE) was also 
calculated. The MoE is the ratio between the BMDL10 and exposure, and 
should be at least  10,000 to be considered as “of low concern from a 
public health point of view” according to the EFSA guidance (EFSA, 
2005). The MoE does not provide any information on the extra risk, but 
merely indicates whether the margin between exposure and hazard is 
sufficiently large. The results are presented in Appendix 2. 
 

5.2 Linear extrapolation 
In linear extrapolation, it is assumed that the ratio between the BMDL 
and the actual exposure equals the ratio between the extra risk 
corresponding to the BMDL and the extra risk corresponding to the 
actual exposure. When the BMDL, the extra risk corresponding to the 
BMDL and the exposure are known, then the extra risk of the exposure 
can be derived. The linear extrapolation is implemented according to: 
 
𝐵𝐵𝐻𝐻𝐵𝐵𝐵𝐵
𝑒𝑒𝑒𝑒𝑒𝑒𝑜𝑜

= 𝑑𝑑𝐸𝐸𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵

𝑑𝑑𝐸𝐸𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒
         eq. 8 

 
where BMDL is the internal BMDL (of 0.15 mg/kg bw/day). ERBMDL is the 
extra risk corresponding to the BMDL, i.e. 10%. ERexpo is the (to be 
calculated) extra risk corresponding to an internal exposure (expo). 
Route-to-route extrapolation (from oral-to dermal) is accounted for by 
using the internal BMDL and internal exposure. To correct for differences 
in metabolic rates between mice and humans, an allometric scaling 
factor (AS) of 7 is applied, following the REACH Guidance (ECHA, 2012). 
According to this guidance, no other adjustments are required to 
account for possible interspecies and intraspecies differences because 
these are sufficiently covered by the large high dose-low dose 
extrapolation (see section 6.4.1 for discussion). The less than lifetime 
exposure is accounted for by multiplying the exposure with the number 
of years with exposure (YE, 11 years) divided by the number of 
expected life years (YL, 70 years). Applying the factor YE/YL implies a 
linear relationship between risk and exposure duration, which is 
considered acceptable for carcinogens (Felter et al., 2011, Bos et al., 
2004).  
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Equation 8 is amended as follows: 
 
𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵
𝐴𝐴𝐴𝐴

𝑌𝑌𝑌𝑌
𝑌𝑌𝐵𝐵∗𝑒𝑒𝑒𝑒𝑒𝑒𝑜𝑜

= 𝑑𝑑𝐸𝐸𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵
𝑑𝑑𝐸𝐸𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒

        eq. 9 

 
This can be rewritten to derive the extra risk (eq. 10), or to derive the 
exposure corresponding to a fixed extra risk (eq. 11): 
 
𝐸𝐸𝑅𝑅𝑒𝑒𝑒𝑒𝑒𝑒𝑜𝑜 = 𝑑𝑑𝐴𝐴∗𝑌𝑌𝑑𝑑∗𝑒𝑒𝑒𝑒𝑒𝑒𝑜𝑜∗𝑑𝑑𝐸𝐸𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵

𝐵𝐵𝐻𝐻𝐵𝐵𝐵𝐵∗𝑌𝑌𝐵𝐵
      eq. 10 

 
𝑒𝑒𝑥𝑥𝑒𝑒𝑒𝑒 = 𝐵𝐵𝐻𝐻𝐵𝐵𝐵𝐵∗𝑌𝑌𝐵𝐵∗𝑑𝑑𝐸𝐸𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒

𝑑𝑑𝐴𝐴∗𝑌𝑌𝑑𝑑∗𝑑𝑑𝐸𝐸𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵
        eq. 11 

 
5.3 Model extrapolation 

In the model extrapolation approach, a fitted dose response curve is 
used to estimate the extra risk at the exposure. In short, the human 
exposure is converted to an equivalent animal exposure. This animal 
exposure is put into the (animal) dose-response curve and the 
corresponding extra risk is derived. This approach is based on the model 
extrapolation approach used in the integrated probabilistic risk 
assessment (IPRA) of carcinogens (Slob et al., 2014, Slob et al., 2011). 
In a full probabilistic assessment, the variation in exposure and 
sensitivity between individuals and the uncertainties of all aspects of the 
risk assessment are quantified, resulting in detailed information on the 
population’s risk and the uncertainties thereof. In the current 
assessment, only the uncertainty in the toxicological data is quantified 
and propagated, resulting in confidence intervals for the risk. The 
variation and uncertainties in the exposure are accounted for by using 
reasonable worst-case estimates. 
 
The model extrapolation approach requires (1) the fitted dose response 
curve and (2) an animal equivalent of the human exposure as an input 
for the dose response curve. EFSA determined that the multistage (two-
stage) model (eq. 12) resulted in the lowest BMDL of 0.49 mg/kg 
bw/day. This model:  
 

𝑦𝑦 = 𝑎𝑎 + (1 − 𝑎𝑎)�1 − �𝑒𝑒−�
𝑒𝑒
𝑏𝑏�−𝑠𝑠�

𝑒𝑒
𝑏𝑏�
2

��     eq. 12 

 
where x is the (animal) dose and y is the fraction of tumour bearing 
animals, was refitted to the data (Table 13) using PROAST version 62.8 
running in R version 3.2.0 (PROAST, 2016, R Core Team, 2016) to 
confirm that the correct data and model were used (see Figure 2 left 
panel). When fitting the model to the tumour incidence against the 
external dose, the same BMD and BMDL reported by EFSA (2008) of 
0.97 and 0.49 mg/kg bw/day respectively, were obtained.  
 
The dose response curve was also fitted on the internal dose (Figure 2 
right panel), assuming a 30% oral absorption in mice (see section 4.3 
for explanation). This resulted in a BMD and BMDL of 0.29 and 0.15 
mg/kg bw/day, respectively. The internal dose response curve is needed 
because the diffusion approach produces an internal human exposure to 
compare with (section 2.1.3). The parameter values (a, b and c) of the 
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two-stage model were obtained. Omitting the background fraction 
(parameter a) gives the function describing the extra risk: 
 

𝐸𝐸𝑅𝑅𝑒𝑒𝑒𝑒𝑒𝑒𝑜𝑜 = 1 − �𝑒𝑒−�
𝑒𝑒
𝑏𝑏�−𝑠𝑠�

𝑒𝑒
𝑏𝑏�
2

�      eq. 13 

 
The dose response data were bootstrapped 10,000 times to obtain 
multiple sets of parameter values, enabling quantification of the 
uncertainty in the extra risk due to the uncertainty in the toxicity data. 
Similar to equation 11, the exposure corresponding to a fixed extra risk 
was calculated. This was done by optimizing x in equation 13 so that the 
fixed ERexpo was reached. Subsequently, the concentration of PAHs in tile 
corresponding to the obtained exposure (x) could be derived (see 
below). 
 
The human (internal) exposures need to be adjusted to an equivalent 
animal dose, by multiplying (rather than dividing) the human exposure 
by the allometric scaling factor and a factor for the ‘less than lifetime 
exposure’ in humans. Then, the extra risk can be obtained from the 
animal dose response curve (eq. 13). Again, to correct for differences in 
metabolic rates between mice and humans, an allometric scaling factor 
of 7 was applied, following REACH Guidance (ECHA, 2012). The less 
than lifetime exposure is accounted for by multiplying the human 
exposure with the number years with exposure (YE), divided by the 
number of expected life years (YL). 
 
Table 13: dose-response data of coal tar mixtures in mice from Culp (1998) as 
reported in Schneider (2002) and EFSA (2008). 
External PAH8 
dose 
(mg/kg bw/day) 

Internal PAH8 
dose (mg/kg 
bw/day)* 

Number of tumour 
bearing animals 

Sample 
size 

Mixture 
number 

0 0 5 48 1 
0.181 0.0543 12 48 1 
0.537 0.1611 14 48 1 
1.81 0.543 12 48 1 
5.37 1.611 40 48 1 
0.771 0.2313 17 48 2 
2.8 0.84 23 48 2 
7.71 2.313 44 48 2 
*derived by assuming a 30% oral absorption  
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Figure 2: Fits of the two-stage model (eq. 12) to the fraction of tumour bearing 
animals against the (log10) external dose (left panel) and the (log10) internal 
dose (right panel). Whiskers indicate 95% confidence intervals. Black circles and 
red triangles are obtained with mixture 1 and 2, respectively. Horizontal dashed 
line indicates the 10% extra risk. The vertical dashed line indicates the 
corresponding BMD. 
 

5.4 Calculation of extra risk  
Table 14 presents the extra cancer risk of exposure to PAHs from rubber 
tiles in playgrounds. The inverse of the risk is given between brackets, 
i.e. the lifetime extra cancer incidence of one case per number of 
exposed individuals. The extra risks corresponding to three product 
concentrations are presented, namely the limit value of 1 mg PAH/kg 
rubber tile, the limit value for toys of 0.5 mg PAH/kg tile, and one 
arbitrarily chosen concentration of 0.1 mg PAH/kg for each of the eight 
PAHs. The exposure was calculated using the diffusion approach (Table 
10).  
 
The extra risks were calculated using the linear (eq. 10) and model (eq. 
13) extrapolations. Linear extrapolation provides a worst-case estimate 
of the risk. The model extrapolation indicates the uncertainty due to the 
uncertainty of the risk at low doses. Therefore, the risk is reported as a 
confidence interval with its lower 5th and upper 95th confidence limits. 
Overall, the upper confidence limits of risk obtained with the model 
extrapolation are the same as the risk obtained using the linear 
extrapolation. This latter feature is a logical consequence of 
extrapolation to low risks (see Figure 3 and Slob et al., 2011, Slob et al., 
2014). 
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Figure 3: Illustration of the fact that the lower confidence limit for the dose at 
lower risks for the model extrapolation approach is similar to that for the linear 
extrapolation approach, while the upper bound for the model extrapolation 
approach may be much higher. The model extrapolation approach allows dose-
response curves such as the two dashed curves, reflecting two possible dose-
response relationships that are compatible with the observed responses, but 
differ widely at lower risks levels. However, they remain on the right side of the 
solid line that reflects linear extrapolation. 
 
From Table 14, it can be read that a product concentration of 1 mg 
PAH/kg tile for the eight REACH PAHs results in a maximum extra risk of 
1.7·10-6 (linear extrapolation), and it is likely that the extra risk is 
between 1.3·10-7 and 1.7·10-6 (model extrapolation).  
The current examples (0.8, 4 and 8 mg/kg tile) show a linear decrease 
in risk with decreasing exposure. This is to be expected from the linear 
extrapolation. The risk obtained using model extrapolation follows the 
(non-linear) dose-response curve (eq. 12 and Figure 2). Therefore, risks 
at other (higher) exposures cannot be simply derived by multiplication, 
instead equation 13 should always be applied when using model 
extrapolation. 
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Table 14: Rounded lifetime extra cancer risk of exposure to PAHs from rubber 
tiles in playgrounds. See text for further explanation. 
 Extra risk (1 case per number of persons) 

Product 
concentration 

0.8 mg/kg 4.0 mg/kg 8.0 mg/kg 

Linear 
extrapolation 

1.7·10-7 
(5,800,000) 

8.2·10-7 

(1,200,000) 
1.7·10-6 
(580,000) 

Model 
extrapolation 

   

   LCL 1.3·10-8 
(77,000,000) 

6.2·10-8 
(16,000,000) 

1.3·10-7 
(7,700,000) 

   UCL 1.7·10-7 
(5,900,000) 

8.2·10-7 
(1.200,000) 

1.7·10-6 
(590,000) 

LCL: 5% lower confidence limit 
UCL: 95% upper confidence limit 
 
By applying equation 11 and optimizing equation 13, the exposure 
corresponding to a particular extra risk can be derived. Assuming a fixed 
ratio between product concentration and exposure (from Table 10, for 
each approach and scenario), the product concentrations related to the 
specified extra risk were derived8. These concentrations are listed in 
Table 15. Again, using the model extrapolation provides the uncertainty 
of the product concentration leading to a particular extra risk. For 
example, from Table 15 it can be read that a product concentration of 
4.7 mg PAH8/kg or higher results in an extra risk of one in a million 
(linear extrapolation). The model extrapolation approach indicates that it 
is likely that an extra risk of one in a million will be reached at a product 
concentration between 4.6 and 64 mg PAH8/kg (model extrapolation). 
 
Table 15: Product concentrations corresponding to fixed lifetime extra risks. 

Extra risk  
(1 per 10-x) 

Exposure 
(µg PAH8/kg bw/day) 

Product (tile) concentration  
(mg PAH8/kg)1 

Linear extrapolation   
10-4 1.3·10-1  470 
10-5 1.3·10-2  47 
10-6 1.3·10-3  4.7 
10-7 1.3·10-4  0.47 
Model extrapolation   
 LCL2 UCL3   
10-4 1.3·10-1 1.7 460 6000 
10-5 1.3·10-2 1.8·10-1 46 640 
10-6 1.3·10-3 1.8·10-2 4.6 64 
10-7 1.3·10-4 1.8·10-3 0.46 6.4 
1the total concentration of the 8 PAHs; for the limit per individual PAH this value needs to 
be divided by 8.  
2LCL: 5% lower confidence limit 
3UCL: 95% upper confidence limit 

 
8 All approaches to derive the exposure are linear, e.g. a ten-fold lower product concentration results in a ten-
fold lower exposure. 
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6 Discussion 

6.1 Introduction 
For the assessment of the extra cancer risk of the REACH PAH8 from 
rubber tiles, we selected a method for dermal exposure assessment. For 
this method ‘reasonable worst-case’ parameter values were obtained 
from the literature and by expert judgement. In addition to dermal 
exposure, we accounted for oral exposure due to hand-to-mouth 
contact. For the hazard assessment, assumptions were made regarding 
the composition of the PAH mixture and relative concentrations of the 
PAHs in the tiles to be able to use the carcinogenicity information from 
the EFSA PAH8 for the REACH PAH8 present in the tiles. Subsequently, 
the risk was assessed for REACH PAH8 in rubber tiles at concentrations 
at the product limit (1 mg PAH/kg tile) and two lower concentrations, for 
a scenario in which children from the age of 2 up to and including 12, 
play in playgrounds five days a week, for two hours a day. We used  the 
linear extrapolation method according to the REACH Guidance (ECHA, 
2012) and an additional approach in which a part of the uncertainty of 
the risk could be quantified, namely the model extrapolation method. 
The calculated extra cancer risk lies between 1 per 590,000 and 1 per 
7.7 million individuals who play(ed) on rubber tiles. 
 

6.2 Exposure assessment 
6.2.1 Selection of method 

Of the three available approaches for dermal exposure assessment, the 
diffusion approach was selected, as this approach is considered to most 
accurately describe the processes involved in the availability of a 
substance for dermal exposure after dermal contact with a contaminated 
product. The other two approaches, the ECETOC approach and the 
migration approach, make use of a hypothetical layer in the tile from 
which the migration takes place. The ECETOC approach assumes that all 
PAHs present in the layer are available for skin contact, whereas the 
migration approach assumes that only the part of the PAHs released 
over the contact time can migrate from that layer. Although the 
definition of a layer in the tile is a convenient way of limiting the 
exposure, the actual thickness of a hypothetical layer cannot be verified. 
In addition, the two approaches mentioned above are based on the 
ECETOC TRA method, which aims at a conservative estimation, and 
therefore an overestimation, of the dermal exposure, while the diffusion 
approach aims at a realistic estimate of the exposure. 
 
The diffusion approach is a conceptual model which considers the 
emission of the substance from the matrix as being driven by the 
diffusion to the surface.  
Note that, also for the diffusion model, it is not known whether the 
model concept is valid, i.e. whether 1) the PAHs directly transfer from 
the surface of the tile to the skin and only to skin (no evaporation) when 
there is skin-tile contact and 2) subsequently a fraction of the PAHs is 
dermally absorbed (the remainder of the PAHs is removed or at least not 
available for absorption). Nevertheless, the diffusion model gives, to the 



RIVM Report 2016-0184 

Page 42 of 62 

best of our knowledge, the best description of the physical processes 
occurring during exposure. 
 

6.2.2 Pathways of exposure  
From Table 10 it follows that the dermal pathway is more important 
than the oral one (factor of 5 higher). Other pathways were not 
considered in the current assessment: The inhalation of evaporated and 
particle-bound PAHs was not estimated and nor did we investigate the 
oral and dermal exposure to small pieces of rubber which may come off 
due to wear and abrasion of the tiles (see section 2.2). Ignoring these 
exposure pathways may have led to an underestimation of the 
exposure. However, the ingestion, inhalation of rubber pieces or 
particles, and dermal contact with rubber particles is expected to be 
unlikely, as tiles will be replaced when they are damaged. Nevertheless, 
we recommend that this expectation be confirmed.   
 
Inhalation of evaporated PAHs from the tiles is assumed to be small (see 
section 2.2). 
In conclusion, the underestimation of the risk due to excluding these 
pathways is likely to be small. 
 

6.2.3 Uncertainty in the exposure assessment 
Parameter values were selected to provide a reasonable worst-case 
rather than an overly conservative estimate of the exposure. Thus, 
when information was available on the range or the distribution of 
values, we estimated a realistic (75th percentile) value for the 
parameter, whereas we used a maximum reported value if the available 
data were insufficient for estimating the actual distribution, which is 
common practice in risk assessment. When data were especially scarce, 
we made a reasonable worst-case estimate by expert judgement. For a 
few parameters (product information on the tile, hand-ground contact 
time, dermal and oral absorption fraction), we found sufficient data to 
derive a realistic estimate (see Table 16). For all other parameters, 
maximum reported values or conservative expert judgement (when 
possible in combination with data) was applied. Nevertheless, the 
exposure may have been underestimated for several reasons. The first 
is the fact that inhalation and wear/abrasion of tiles is ignored, leading 
to an expected small underestimation of the exposure (see 6.2.2). 
Secondly, we ignored the temperature dependency of the diffusion 
coefficient of PAHs in tiles. This may have led to a considerable 
underestimation of the dermal exposure to legs and feet (see section 
3.2.6), whereas this route is the dominant exposure route (factor 3 
higher than dermal exposure to hands, and a factor 4 higher than oral 
exposure). For this reason, we recommend refining the exposure 
estimation with a temperature dependent diffusion coefficient.  
 
Due to time constraints, a sensitivity analysis of the parameters was not 
performed in the present study. Nevertheless, in our opinion, more 
detailed information on the behaviour of children (frequency and 
duration of playing in playground, feet/leg contact time with tile) and on 
the (temperature-dependent) diffusion coefficient of PAHs in the tiles, 
will lead to a more accurate exposure estimate. 
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Table 16: Type of estimation (estimate of 75th percentile/maximum reported 
value/conservative expert judgement) for input parameters for the exposure 
assessment. 

Parameter Value Unit Type of 
estimation 

Comment 

General/dermal 
exposure 

    

Concentration 8; 4; 0.8 mg/kg - Assigned by Ministry of 
Health Welfare and 
Sports (VWS) 

Duration of 
playground visit 

2 h/day Combination of 
data and expert 
judgement  

 

Product mass per 
surface area 

23 kg/m2 Estimate of 75th 
percentile 

 

Tile thickness 4 cm Estimate of 75th 
percentile 

 

Diffusion coefficient in 
product 

1 x 10-11  m2/s Max reported 
value  

 

Dermal absorption 
fraction 

0.2   Combination of 
data and expert 
judgement 

Absorption data in 
human skin; from soil 
(not from solvent) 

Hand     
Frequency of 
playground visit with 
hand-ground contact 

261 / 365 day-1 Combination of 
data and expert 
judgement  

 

Hand-ground contact 
time 

7.2 min/h P75  

Contact area  0.014-
0.032 

m2 Expert judgement Based on 50% of total 
area 

Leg     
Frequency of 
playground visit with 
leg-ground contact 

66 / 365 day-1 Combination of 
data and expert 
judgement 

 

Leg-ground contact 
time 

7.2 min/h Expert judgement Based on hand-ground 
contact time 

Contact area  0.072-
0.211 

m2 Expert judgement Based on 50% of total 
area 

Feet     
Frequency of 
playground visit with 
feet-ground contact 

66 / 365 day-1 Expert judgement  

Feet-ground contact 
time 

30 min/h Expert judgement  

Contact area 0.018-
0.048 

m2 Expert judgement Based on 50% of total 
area 

Oral exposure     
Oral absorption 
fraction 

0.3   Realistic Based on pig data  

Hand-to-mouth 
transfer 

50  % Expert judgement Common approach for 
children 0-3 years 
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6.3 Hazard assessment 
6.3.1 REACH PAH8 and EFSA PAH8 

In this  study, we consider the REACH PAH8 to be in line with the 
existing restriction on PAH-concentrations in consumer articles (EC, 
2013). The REACH PAH8 contains two PAHs that are not included in the 
EFSA PAH8 (and vice versa). Only for the latter group of PAHs the 
carcinogenicity has been studied. To be able to apply the carcinogenicity 
information of the EFSA PAH8 to the REACH PAH8, we assumed that the 
concentrations of the deviating two ‘REACH PAHs’ were present in the 
mixtures used in the toxicity study in similar concentrations to those of 
the two ‘EFSA PAHs’. In this case, the toxicity of EFSA’s PAH8 mixture 
can be applied to estimate the extra cancer risk of the REACH PAH8. The 
validity of this assumption cannot be verified, since the study by Culp et 
al. (1998) does not give information on the presence of the two ‘REACH 
PAHs’. Although there is some information available on the composition 
of coal tar mixtures confirming the assumptions made, this is not 
sufficient to actually verify the assumption on the carcinogenicity of the 
REACH PAHs. Hence, this is an uncertainty of an unknown magnitude 
and direction, leading to an over- or an underestimation of the risk. 
 
Rather than making the assumption on the carcinogenicity of the REACH 
PAHs described above, we would have used relative potency factors9. 
However, although it is known that the carcinogenic potency of different 
PAHs can have a large variation (IPCS, 1998), carcinogenicity studies 
with individual PAHs are scarce, except for BaP. Hence, relative potency 
factors for the individual PAHs have not been established (EFSA, 2008, 
WHO, 2006). Strictly speaking, the cancer risk of exposure to PAH 
mixtures with a different composition from the PAH mixtures found by 
Culp et al. (1998) cannot be assessed. It is remarkable that for a group 
of substances so ubiquitous and infamous for their carcinogenicity as 
PAHs are, the knowledge base on the dose-response on carcinogenicity 
is so small. 
 

6.3.2 Composition of PAHs in tiles  
The marker method (see section 4.1) can be applied to mixtures, 
provided that the composition of the mixture is similar to the 
composition of the coal tar applied in the two animal experiments by 
Culp et al. (1998). In the previous RIVM report (2013), the mixture 
composition of EFSA PAH4 in the rubber tiles was shown to be similar to 
the mixtures applied in the animal experiments. Data on eight tiles 
measured by the NVWA only partially confirm this similarity. For this 
reason the assumption that the eight PAHs are also in the tile in the 
same ratio as in the toxicity study is uncertain, and the actual 
carcinogenic potency form the PAH mixture in the tile could be either 
higher or lower. 
  

 
9 Relative potency factor: The ratio of the toxic potency of a given chemical to that of an index chemical in the 
group. Relative potency factors are used to convert exposures of all chemicals in the group into their exposure 
equivalents of the index chemical. 
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6.4 Risk assessment 
6.4.1 Selection of assessment factors in linear extrapolation 

For the linear extrapolation, the REACH Guidance (ECHA, 2012) was 
followed, stating that only one assessment factor is needed, namely for 
the possible difference in metabolic rate (allometric scaling) between 
mice and humans (factor of 7). The Guidance indicates that other 
interspecies and intraspecies differences are sufficiently covered by the 
large high dose-low dose extrapolation. Nevertheless, the latter can be 
disputed:  
 
Firstly, in a standard carcinogenicity study, rodents are exposed starting 
from the age of 6-8 weeks10, corresponding with a human age of around 
puberty. As a consequence, the study does not give information on the 
effect of the substance at a lower age. To take this uncertainty into 
account, the United States Environmental Protection Agency (US EPA, 
2005) and the Office of Environmental Health Hazard Assessment 
(OEHHA, 2009) apply an age dependent adjustment factor (ADAF) in the 
estimation of the extra cancer risk with the linear extrapolation method. 
Values for the ADAF are preferably substance-specific. However, by 
default a factor of 10 is used for 0-2 year olds, a factor of 3 for the 2-16 
year olds and a factor of 1 for individuals older than 16 years. 
Nevertheless, presently, in the Netherlands and in Europe there is no 
general agreement on the use of an ADAF for the early life stages. For 
this reason an ADAF was not applied in the current risk assessment. 
Furthermore, it can be argued that the high dose-low dose extrapolation 
only corrects for the level of the risk (from 10% to 1 per one million), 
and not for the possible intra- and interspecies differences. In this view, 
rather than solely applying an assessment factor of 7 for metabolic rate, 
an additional factor for (remaining) toxicokinetics and toxicodynamics 
(e.g. a factor of 3) and for intra-species differences (e.g. a value of 
10) 11 should be used, in concordance with risk assessments for non-
carcinogenic substances.  
 
EFSA also has taken this issue into consideration in their opinion on the 
MoE (EFSA, 2005) and concludes that the usual default 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 appropriate chemical specific data are available. 
 
When additional assessment factors would be used in the present cancer 
risk assessment, consequently, the estimated risk would be higher than 
the currently derived risk. The application of additional assessment 
factors is also the approach used in the integrated probabilistic risk 
assessment (IPRA) of carcinogens (Slob et al. 2014), (see the next 
section for more information on IPRA).  
  

 
10 Note that at the start of the carcinogenicity study of Culp et al. (1998) the mice were five weeks old.  
11 This factor of 10 is assumed to also include possible age dependent differences.  
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Because of the known qualitative and quantitative differences in PAH 
metabolism between species and within humans, in addition to possible 
other inter-individual variation, e.g. in formation and repair of PAH-DNA 
adducts (see e.g. EFSA, 2008, WHO, 2006, WHO, 2010), we recommend 
to initiate a discussion in the Netherlands and Europe on introducing 
additional assessment factors into the cancer risk assessment of PAHs, 
with the aim to establish these values in legislation or guidance.  
 

6.4.2 Uncertainty in high dose-low dose extrapolation 
Previous work on carcinogenic substances in food shows that the 
estimation of extra risks at low doses is a major source of uncertainty 
(Slob et al., 2011, Slob et al., 2014). Because the traditional linear 
extrapolation method does not allow for a quantification of uncertainty, 
Slob et al. (2011; 2014) introduced the model extrapolation method in 
the integrated probabilistic risk assessment (IPRA) of carcinogens. In 
IPRA, variability and uncertainty in all parameters of the full risk 
assessment (i.e. exposure and hazard assessment) are taken into 
account. For the extrapolation of cancer risk to low doses, this means 
that the uncertainty in the extrapolation of the fitted dose response 
curve is propagated in the result of the assessment. We did not perform 
a full IPRA as the population variability in the exposure could not be 
quantified, but we conducted a small aspect of an IPRA (use of the 
model extrapolation with only one model), yielding a quantified 
uncertainty for the low dose extrapolation. 
 
The linear extrapolation method provides a worst-case estimate of the 
extrapolated risk, while in the model extrapolation method, the 
uncertainty of one selected dose-response model (the multi- or two-
stage model) is propagated, resulting in a range of the estimated extra 
risk. Note that the risks within this range are equally probable; the 
upper confidence level calculated with the model extrapolation method is 
similar to the worst-case estimate of the linear extrapolation method. 
The uncertainty in the extra risk, calculated as the ratio of the upper and 
lower confidence level of the results of the model extrapolation, equals 
an order of magnitude. Other models are available which also provide an 
adequate description of the dose-response (EFSA, 2008). Due to limited 
time, these models were not included in the current analysis. Based on 
the previous work with carcinogenic substances (Slob et al., 2011, Slob 
et al., 2014), it is expected that including multiple models would show 
that the uncertainty due to high dose-low dose extrapolation is even 
larger. 
 

6.4.3 Comparison with RIVM assessment in 2013 
In a previous report, RIVM (2013) assessed the extra cancer risk 
associated with the occurrence of EFSA PAH4 in rubber tiles at the 
product limit of 1 mg PAH/kg tile in playgrounds. The approach 
considered the diffusion of the PAHs in the rubber tile and the 
subsequent transfer to human skin in contact with the tile. The exposure 
estimate, based on worst-case assumptions for child behaviour and 
contact with rubber tiles using the linear extrapolation method, resulted 
in estimations of the extra cancer risk of 2.2 per million (RIVM, 2013).  
 
It is difficult to compare the outcomes of the two studies because 
different scenarios and different parameter values have been used. For 
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example, in RIVM (2013), due to the short-term incidence, the exposure 
duration was much shorter (i.e. 6 months), while the contact area was 
assumed to be higher, resulting in a relatively high extra risk estimate.  
 
A better option for comparison of the two methods applied in the two 
studies is to apply the exposure scenario of the current study described 
in Chapter 3 to EFSA PAH4 rather than to REACH PAH8. In this case, the 
extra risk of exposure to rubber tiles with a concentration of 1 mg 
PAH4/kg tile is 1.2 per million, which is approximately a factor of 2 
lower than in the RIVM 2013 calculation. In conclusion, the exposure 
assessment of the current report is less conservative than that of RIVM 
2013 despite the longer exposure duration in the current study.  
 

6.4.4 Remaining issues 
It should be noted that the product limit of 1 mg PAH/kg product is valid 
for all plastic and rubber articles (EC, 2013). Thus, because the contact 
with rubber tiles presently yields an estimated extra cancer risk in the 
order of the negligible risk level of 1 per million, it should be kept in 
mind that additional exposure to PAHs from other articles and exposure 
from other sources (baked or smoked food, inhalation of polluted air, 
etc.) will lead to an increased risk. 
 
In addition, we would like to emphasize that the current study assesses 
whether the product limit of PAHs in rubber tiles provides an adequate 
level of protection. Hence, we did not investigate whether 
concentrations in rubber tiles currently present at playgrounds are 
within this limit. From the measurements on rubber tiles and other 
flooring for playgrounds by the NVWA (2014), it appears that rubber 
tiles do not always comply to this limit.  
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7 Conclusions and recommendations 

The results of the risk assessment indicate that at the product limit of 
1 mg PAH/kg tile, the extra cancer risk of exposure to the eight REACH 
PAHs from rubber tiles lies between 1 per 590,000 and 1 per 7.7 million 
individuals who regularly play(ed) on these tiles. The upper limit in this 
range is close to (but just exceeds) the generally accepted extra cancer 
risk of 1 per million during a lifetime. Nevertheless, the current risk 
assessment includes uncertainties, both in the direction of over-
estimating and underestimating the risk. Uncertainties are present in all 
three parts of the assessment, i.e. exposure (Chapter 3), hazard 
(Chapter 4) and the methodology of risk assessment (Chapter 5).  
 
Whereas the exposure scenario is considered as being conservative 
(with the exception of ignoring two different pathways of exposure), not 
taking into account of the temperature dependency of the diffusion 
coefficient is not. The latter may lead to a considerable underestimation 
of the exposure of the legs and feet. For the hazard assessment, as 
explained in section 6.3, the uncertainties are in both directions. Hence, 
the conclusion was drawn that the hazard could be over- or 
underestimated. The uncertainty in the risk assessment (Chapter 5) can 
be divided in the uncertainty in the application of assessment factors 
(see section 6.4.1) and in the high dose-low dose extrapolation (see 
section 6.4.2). The uncertainty in the latter was partly quantified, which 
is the only quantification of uncertainty in the present assessment. The 
final risk assessment does not include assessment factors for 
interspecies differences other than the difference in metabolic rates (by 
the allometric scaling factor) and neither does it include an assessment 
factor for intra-species differences. At this moment, there is no 
agreement within Europe on the use of additional safety factors for 
cancer-causing substances.  
 
Since the presently calculated risk can be slightly higher than the 
negligible risk level and, moreover, the assessment contains 
uncertainties, we see the following possibilities to refine the current 
assessment. Firstly, this can be achieved by collecting more information 
on the exposure parameters. The collection of more information 
(especially on the playing behaviour of children –frequency, duration 
and contact time-, the transfer of PAHs from product surface to the skin 
and a temperature-dependent diffusion coefficient of PAHs in tiles, in 
combination with a sensitivity analysis to obtain information on those 
parameters having the largest influence on the exposure. In addition, 
the uncertainty can be reduced by investigating the exposure from 
pieces of worn tiles to verify the assumption that this exposure pathway 
is negligible. Refining the hazard of (individual) PAHs present in the tiles 
will also reduce the uncertainty, but would take much effort. 
Furthermore, we recommend initiating a discussion, preferably at the 
European level, on including assessment factors for interspecies 
differences (other than metabolic rate) and intra-species differences in 
the estimation of the extra cancer risk by PAHs. Lastly, we recommend 
performing a full IPRA, following the approach by Slob et al. 2014, to 
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obtain quantitative information on the uncertainty of the total risk 
assessment. 
 
Finally, since the product limit is valid for all plastic and rubber articles, 
and the contact with rubber tiles yields an estimated extra cancer risk 
just above 1 per million, additional exposure to PAHs from other 
consumer articles will lead to a higher extra cancer risk. 



RIVM Report 2016-0184 

Page 51 of 62 

References 

ABDEL-RAHMAN, M. S., SKOWRONSKI, G. A. & TURKALL, R. M. 2002. 
Assessment of the dermal bioavailability of soil-aged 
benzo(a)pyrene. Human and Ecological Risk Assessment: An 
International Journal, 8, 429-441. 

AIR RECOURCES BOARD 1991. Study of children's activity patterns. 
Contract No. A733-149. 

AUYEUNG, W., CANALES, R. A., BEAMER, P., FERGUSON, A. C. & 
LECKIE, J. O. 2006. Young children's hand contact activities: an 
observational study via videotaping in primarily outdoor 
residential settings. J Expo Sci Environ Epidemiol, 16, 434-46. 

BARLOW, S., RENWICK, A. G., KLEINER, J., BRIDGES, J. W., BUSK, L., 
DYBING, E., EDLER, L., EISENBRAND, G., FINK-GREMMELS, J., 
KNAAP, A., KROES, R., LIEM, D., MULLER, D. J., PAGE, S., 
ROLLAND, V., SCHLATTER, J., TRITSCHER, A., TUETING, W. & 
WURTZEN, G. 2006. Risk assessment of substances that are both 
genotoxic and carcinogenic report of an International Conference 
organized by EFSA and WHO with support of ILSI Europe. Food 
Chem Toxicol, 44, 1636-50. 

BARTSCH, N., HEIDLER, J., VIETH, B., HUTZLER, C. & LUCH, A. 2016. 
Skin permeation of polycyclic aromatic hydrocarbons: A solvent-
based in vitro approach to assess dermal exposures against 
benzo[a]pyrene and dibenzopyrenes. J Occup Environ Hyg, 13, 
969-979. 

BAUA 2010. Annex XV restriction report proposal for a restriction for 
benzo[a]pyrene, benzo[e]pyrene, benzo[a]anthracene, 
dibenzo[a,h]anthracene, benzo[b]fluoranthene, 
benzo[j]fluoranthene, benzo[k]fluoranthene, chrysene. 
http://www.bfr.bund.de/cm/349/pak_annex_XV_restriction_repo
rt_proposal_for_a_restriction.pdf. 

BEAMER, P. I., LUIK, C. E., CANALES, R. A. & LECKIE, J. O. 2012. 
Quantified outdoor micro-activity data for children aged 7-12-
years old. J Expo Sci Environ Epidemiol, 22, 82-92. 

BEGLEY, T., CASTLE, L., FEIGENBAUM, A., FRANZ, R., HINRICHS, K., 
LICKLY, T., MERCEA, P., MILANA, M., O’BRIEN, A., REBRE, S., 
RIJK, R. & PIRINGER, O. 2005. Evaluation of migration models 
that might be used in support of regulations for foodcontact 
plastics. Food Addit. Contam., 22, 73-90. 

BJORKLID-CHU, P. 1977. A survey of children's outdoor activities in two 
modern housing areas in Sweden. Biology of Play, 149-159. 

BOER. 2016. http://www.boerplay.com/ [Online].  [Accessed Nov 24, 
2016 2016]. 

BOS, P. M., BAARS, B. J. & VAN RAAIJ, M. T. 2004. Risk assessment of 
peak exposure to genotoxic carcinogens: a pragmatic approach. 
Toxicol Lett, 151, 43-50. 

BRANDSCH, J., MERCEA, P., RUTER, M., TOSA, V. & PIRINGER, O. 2002. 
Migration modelling as a tool for quality assurance of food 
packaging. Food Addit Contam, 19 Suppl, 29-41. 

BREMMER, H. J., BLOM, W. M., VAN HOEVEN-ARENTZEN, P. H., 
PRUD’HOMME DE LODDER, L. C. H., VAN RAAIJ, M. T. M., 
STRAETMANS, E. H. F. M., VAN VEEN, M. P. & J.G.M., V. E. 2006. 

http://www.bfr.bund.de/cm/349/pak_annex_XV_restriction_report_proposal_for_a_restriction.pdf
http://www.bfr.bund.de/cm/349/pak_annex_XV_restriction_report_proposal_for_a_restriction.pdf
http://www.boerplay.com/


RIVM Report 2016-0184 

Page 52 of 62 

Pest Control Products Fact Sheet, To assess the risks for the 
consumer. Updated version for ConsExpo 4, RIVM report 
320005002/2006, 
http://www.rivm.nl/en/Topics/C/ConsExpo/Fact_sheets. 

CAVRET, S., LAURENT, C., FEIDT, C., LAURENT, F. & RYCHEN, G. 2003. 
Intestinal absorption of 14C from 14C-phenanthrene, 14C-
benzo[a]pyrene and 14C-tetrachlorodibenzo-para-dioxin: 
approaches with the Caco-2 cell line and with portal absorption 
measurements in growing pigs. Reprod Nutr Dev, 43, 145-54. 

COHEN HUBAL, E. A., SUGGS, J. C., NISHIOKA, M. G. & IVANCIC, W. A. 
2005. Characterizing residue transfer efficiencies using a 
fluorescent imaging technique. J Expo Anal Environ Epidemiol, 
15, 261-70. 

CPSC 1997. CPSC staff report on lead and cadmium in children’s 
polyvinyl chloride (PVC) products, U.S. Consumer Product Safety 
Commission, Washington, DC. 

CULP, S. J., GAYLOR, D. W., SHELDON, W. G., GOLDSTEIN, L. S. & 
BELAND, F. A. 1998. A comparison of the tumors induced by coal 
tar and benzo[a]pyrene in a 2-year bioassay. Carcinogenesis, 19, 
117-24. 

DELMAAR, J. E., BOKKERS, B. G., TER BURG, W. & VAN ENGELEN, J. G. 
2013. First tier modeling of consumer dermal exposure to 
substances in consumer articles under REACH: a quantitative 
evaluation of the ECETOC TRA for consumers tool. Regul Toxicol 
Pharmacol, 65, 79-86. 

DELMAAR, J. E., PARK, M. V. D. Z. & VAN ENGELEN, J. G. M. 2005. 
ConsExpo 4.0, Consumer Exposure and Uptake Models, Program 
Manual, RIVM report 320104004/2005. 

EC 2008. Regulation (EC) No 1272/2008 of the European parliament and 
of the council of 16 December 2008 on classification, labelling 
and packaging of substances and mixtures, amending and 
repealing Directives 67/548/EEC and 1999/45/EC, and amending 
Regulation (EC) No 1907/2006. Official Journal of the European 
Union, L 353, 1-1355. 

EC 2013. Commission Regulation (EU) No 1272/2013 of 6 December 
2013 amending Annex XVII to Regulation (EC) No 1907/2006 of 
the European Parliament and of the Council on the Registration, 
Evaluation, Authorisation and Restriction of Chemicals (REACH) 
as regards polycyclic aromatic hydrocarbons, http://eur-
lex.europa.eu/eli/reg/2013/1272/oj. Official Journal of the 
European Union, L328, 69-71. 

ECETOC 2004. Technical report No 93, Targetet Risk Assessment. ISSN-
0773-8072-93. European Centre for Ecotoxicology and Toxicology 
of Chemicals AISBL, 4 Avenue E. Van Nieuwenhuyse (Bte 6), B-
1160 Brussels, Belgium. 

ECETOC 2009. Technical report No 107, Addendum to ECETOC Targetet 
Risk Assessment Report No. 93. ISSN-0773-8072-107. European 
Centre for Ecotoxicology and Toxicology of Chemicals AISBL, 4 
Avenue E. Van Nieuwenhuyse (Bte 6), B-1160 Brussels, Belgium. 

ECHA 2010. Guidance on information requirements and chemical safety 
assessment. Chapter R.15: Consumer exposure estimation. 
Version 1.2, Draft under preparation. 

ECHA 2012. Guidance on information requirements and chemical safety 
assessment Chapter R.8: Characterisation of dose 

http://www.rivm.nl/en/Topics/C/ConsExpo/Fact_sheets
http://eur-lex.europa.eu/eli/reg/2013/1272/oj
http://eur-lex.europa.eu/eli/reg/2013/1272/oj


RIVM Report 2016-0184 

Page 53 of 62 

[concentration]-response for human health, Version 2.1, ECHA-
2010-G-19-EN, November 2012 
https://echa.europa.eu/documents/10162/13632/information_re
quirements_r8_en.pdf. 

ECHA. 2016. Biocides Human Health Exposure Methodology. 
https://echa.europa.eu/nl/about-us/who-we-are/biocidal-
products-committee/working-groups/human-exposure [Online].  
[Accessed 06 Dec 2016]. 

EFSA 2005. Opinion of the Scientific Committee on a request from EFSA 
related to A Harmonised Approach for Risk Assessment of 
Substances Which are both Genotoxic and Carcinogenic. 
http://www.efsa.europa.eu/en/efsajournal/doc/282.pdf. The 
EFSA Journal, 282, 1-31. 

EFSA 2008. Scientific Opinion of the Panel on Contaminants in the Food 
Chain on a request from the European Commission on Polycyclic 
Aromatic Hydrocarbons in Food. 
http://www.efsa.europa.eu/en/efsajournal/pub/724.htm. The 
EFSA Journal, 724, 1-114. 

EN1177 2008. NEN-EN 1177 Impact attenuating playground surfacing - 
Determination of critical fall height. In: STANDARDIZATION, E. C. 
F. (ed.). Brussels. 

EU 2008. Draft European Union Risk Assessment Report, COAL-TAR 
PITCH, HIGH TEMPERATURE, R323_0805_ENV_FINAL_ECB.DOC, 
https://echa.europa.eu/documents/10162/433ccfe1-f9a5-4420-
9dae-bb316f898fe1 , last accessed on Dec. 07, 2016. 

FELTER, S. P., CONOLLY, R. B., BERCU, J. P., BOLGER, P. M., BOOBIS, 
A. R., BOS, P. M., CARTHEW, P., DOERRER, N. G., GOODMAN, J. 
I., HARROUK, W. A., KIRKLAND, D. J., LAU, S. S., LLEWELLYN, 
G. C., PRESTON, R. J., SCHOENY, R., SCHNATTER, A. R., 
TRITSCHER, A., VAN VELSEN, F. & WILLIAMS, G. M. 2011. A 
proposed framework for assessing risk from less-than-lifetime 
exposures to carcinogens. Crit Rev Toxicol, 41, 507-44. 

FOTH, H., KAHL, R. & KAHL, G. F. 1988. Pharmacokinetics of low doses 
of benzo[a]pyrene in the rat. Food Chem Toxicol, 26, 45-51. 

FRAUNHOFER 2016. Pruefbericht: Bestimmung der Migration von 
Polyzyklischen Aromatischen Kohlenwasserstoffen (PAK) aus 
einer mit Polyurethan (PU)-ummantelten Gummiplatte [in 
German]. Report number PA/4038/16, July 21, 2016. 

GALLUP, O. 2003. Quality of community playgrounds. . 333 South 
Wabash Ave., Suite 165, Chicago, IL: Submitted to KaBoom! 

GAMMA. 2016. Available: www.gamma.nl [Accessed Nov 24, 2016]. 
GORMAN NG, M., VAN TONGEREN, M. & SEMPLE, S. 2014. Simulated 

transfer of liquids and powders from hands and clothing to the 
mouth. J Occup Environ Hyg, 11, 633-44. 

GROVA, N., FEIDT, C., LAURENT, C. & RYCHEN, G. 2002. 14C Milk, urine 
and faeces excretion kinetics in lactating goats after an oral 
administration of 14C polycyclic aromatic hydrocarbons. 
International Dairy Journal, 12, 1025-1031. 

HOFSTRA, U. 2007. Milieu- en gezondheidsaspecten van instrooirubber: 
gemalen rubber van autobanden als instrooimateriaal op 
kunstgrasvelden [in Dutch]. INTRON report no. 
A833860/R2006031 /U Ho/U Ho. 

https://echa.europa.eu/documents/10162/13632/information_requirements_r8_en.pdf
https://echa.europa.eu/documents/10162/13632/information_requirements_r8_en.pdf
https://echa.europa.eu/nl/about-us/who-we-are/biocidal-products-committee/working-groups/human-exposure
https://echa.europa.eu/nl/about-us/who-we-are/biocidal-products-committee/working-groups/human-exposure
http://www.efsa.europa.eu/en/efsajournal/doc/282.pdf
http://www.efsa.europa.eu/en/efsajournal/pub/724.htm
https://echa.europa.eu/documents/10162/433ccfe1-f9a5-4420-9dae-bb316f898fe1
https://echa.europa.eu/documents/10162/433ccfe1-f9a5-4420-9dae-bb316f898fe1
http://www.gamma.nl/


RIVM Report 2016-0184 

Page 54 of 62 

HUANG, H. & HAGHIGHAT, F. 2002. Modelling of volatile organic 
compounds emission from dry building materials. Build. Environ., 
37, 1127-1138. 

IARC 2010. Some non-heterocyclic polycyclic aromatic hydrocarbons 
and some related exposures. IARC Working Group on the 
Evaluation of Carcinogenic Risks to Humans, volume 92 (2005: 
Lyon, France). ISBN 978 92 832 1292 8, 
http://monographs.iarc.fr/ENG/Monographs/vol92/mono92.pdf. 

IPCS 1998. Selected non-heterocyclic polycyclic aromatic hydrocarbons, 
international programme on chemical safety, Environmental 
Health Criteria 202, United Nations Environment Programme 
International Labour Organisation, WHO, 
http://www.inchem.org/documents/ehc/ehc/ehc202.htm. 

KARARLI, T. T. 1995. Comparison of the gastrointestinal anatomy, 
physiology, and biochemistry of humans and commonly used 
laboratory animals. Biopharm Drug Dispos, 16, 351-80. 

KIM, H.-H., LIM, Y.-W., KIM, S.-D., YEO, I.-Y., SHIN, D.-C. & YANG, J.-
Y. 2012. Health Risk Assessment for Artificial Turf Playgrounds in 
School Athletic Facilities: Multi-route Exposure Estimation for Use 
Patterns. Asian Journal of Atmospheric Environment, 6, 206-221. 

KISSEL, J. C., SHIRAI, J. H., RICHTER, K. Y. & FENSKE, R. A. 1998. 
Empirical investigation of hand-to-mouth transfer of soil. Bull 
Environ Contam Toxicol, 60, 379-86. 

KNMI. 2016. http://www.knmi.nl/nederland-nu/klimatologie/maand-en-
seizoensoverzichten [Online].  [Accessed Nov 8, 2016]. 

LLOMPART, M., SANCHEZ-PRADO, L., PABLO LAMAS, J., GARCIA-JARES, 
C., ROCA, E. & DAGNAC, T. 2013. Hazardous organic chemicals 
in rubber recycled tire playgrounds and pavers. Chemosphere, 
90, 423-31. 

MARSILI, L., COPPOLA, D., BIANCHI, N., MALTESE, S., BIANCHI, M. & 
FOSSI, M. C. 2014. Release of Polycyclic Aromatic Hydrocarbons 
and Heavy Metals from Rubber Crumb in Synthetic Turf Fields: 
Preliminary Hazard Assessment for Athletes. J Environ Anal 
Toxicol, 5, 1-8. 

MATTINA, M. I., ISLEYN, M., BERGER, W. & OZDEMIR, S. 2007. 
Examination of Crumb Rubber Produced From Recycled Tires, The 
Connecticut Agricultural Experiment Station, New Haven, CT. 
<http://www.ct.gov/caes/lib/caes/documents/publications/fact_s
heets/examinationofcrumbrubberac005.pdf> last accessed Dec. 
06, 2016. 

MENICHINI, E., ABATE, V., ATTIAS, L., DE LUCA, S., DI DOMENICO, A., 
FOCHI, I., FORTE, G., IACOVELLA, N., IAMICELI, A. L., IZZO, P., 
MERLI, F. & BOCCA, B. 2011. Artificial-turf playing fields: 
contents of metals, PAHs, PCBs, PCDDs and PCDFs, inhalation 
exposure to PAHs and related preliminary risk assessment. Sci 
Total Environ, 409, 4950-7. 

MOODY, R. P., JONCAS, J., RICHARDSON, M. & CHU, I. 2007. 
Contaminated soils (I): In vitro dermal absorption of 
benzo[a]pyrene in human skin. J Toxicol Environ Health A, 70, 
1858-65. 

MOODY, R. P., NADEAU, B. & CHU, I. 1995. In vivo and in vitro dermal 
absorption of benzo[a]pyrene in rat, guinea pig, human and 
tissue-cultured skin. J Dermatol Sci, 9, 48-58. 

http://monographs.iarc.fr/ENG/Monographs/vol92/mono92.pdf
http://www.inchem.org/documents/ehc/ehc/ehc202.htm
http://www.knmi.nl/nederland-nu/klimatologie/maand-en-seizoensoverzichten
http://www.knmi.nl/nederland-nu/klimatologie/maand-en-seizoensoverzichten
http://www.ct.gov/caes/lib/caes/documents/publications/fact_sheets/examinationofcrumbrubberac005.pdf
http://www.ct.gov/caes/lib/caes/documents/publications/fact_sheets/examinationofcrumbrubberac005.pdf


RIVM Report 2016-0184 

Page 55 of 62 

NG, K. M., CHU, I., BRONAUGH, R. L., FRANKLIN, C. A. & SOMERS, D. 
A. 1992. Percutaneous absorption and metabolism of pyrene, 
benzo[a]pyrene, and di(2-ethylhexyl) phthalate: comparison of in 
vitro and in vivo results in the hairless guinea pig. Toxicol Appl 
Pharmacol, 115, 216-23. 

NIPH 2006. Artificial turf pitches –an assessment of the health risks for 
football players. Prepared by: Norwegian Institute of Public 
Health and the Radium Hospital, http://www.isss-
sportsurfacescience.org/downloads/documents/74wa3x7e22_fhie
ngelsk.pdf. 

NVWA 2014. PAKs in rubber tegels en andere ondergronden voor 
speelplaatsen [in Dutch], Dutch Food and Consumer Product 
Safety Authority (NVWA) project number P4NT1301, 
http://www.recybem.nl/sites/recybem.nl/files/user/rapport_paks
_in_rubber_tegels_en_andere_ondergronden_voor_speelplaatsen
_van_de_nvwa_april_2014.pdf. 

O'BRIEN, J., RENWICK, A. G., CONSTABLE, A., DYBING, E., MULLER, D. 
J., SCHLATTER, J., SLOB, W., TUETING, W., VAN BENTHEM, J., 
WILLIAMS, G. M. & WOLFREYS, A. 2006. Approaches to the risk 
assessment of genotoxic carcinogens in food: a critical appraisal. 
Food Chem Toxicol, 44, 1613-35. 

OEHHA 2007. Contractor’s Report to the Board: Evaluation of Health 
Effects of Recycled Waste Tires in Playground and Track 
Products. OEHHA - Integrated Waste Management Board. 

OEHHA 2009. Technical Support Document for Cancer Potency Factors: 
Methodologies for derivation, listing of available values, and 
adjustments to allow for early life stage exposures. California 
Environmental Protection Agency. Office of Environmental Health 
Hazard Assessment. Air Toxicology and Epidemiology Branch. 

OLTMANNS, J., NEISEL, F., HEINEMEYER, G., KAISER, E. & SCHNEIDER, 
K. 2015. Consumer exposure modelling under REACH: Assessing 
the defaults. Regul Toxicol Pharmacol, 72, 222-30. 

PROAST. 2016. www.proast.nl [Online].  [Accessed Nov 24, 2016]. 
R CORE TEAM 2016. R: A language and environment for statistical 

computing. R Foundation for Statistical Computing, Vienna, 
Austria. URL https://www.R-project.org/. 

RAMESH, A., INYANG, F., HOOD, D. B., ARCHIBONG, A. E., KNUCKLES, 
M. E. & NYANDA, A. M. 2001. Metabolism, bioavailability, and 
toxicokinetics of benzo(alpha)pyrene in F-344 rats following oral 
administration. Exp Toxicol Pathol, 53, 275-90. 

RAMESH, A., WALKER, S. A., HOOD, D. B., GUILLEN, M. D., 
SCHNEIDER, K. & WEYAND, E. H. 2004. Bioavailability and risk 
assessment of orally ingested polycyclic aromatic hydrocarbons. 
Int J Toxicol, 23, 301-33. 

RIVM 2013. Risicobeoordeling polycyclische aromatische 
koolwaterstoffen (PAKs) uit rubberen speeltuintegels [in Dutch]. 
RIVM – Centrum Veiligheid Stoffen en Producten (VSP). 23. 

ROPEMA-EUROPE. 2016. http://www.ropema-europe.nl/rubber-tegels/ 
[Online].  [Accessed Nov 10, 2016]. 

ROY, T. A., KRUEGER, A. J., TAYLOR, B. B., MAURO, D. M. & 
GOLDSTEIN, L. S. 1998. Studies estimating the dermal 
bioavailability of polynuclear aromatic hydrocarbons from 
manufactured gas plant tarcontaminated soils. Environ. Sci. 
Technol, 32, 3113-3117. 

http://www.isss-sportsurfacescience.org/downloads/documents/74wa3x7e22_fhiengelsk.pdf
http://www.isss-sportsurfacescience.org/downloads/documents/74wa3x7e22_fhiengelsk.pdf
http://www.isss-sportsurfacescience.org/downloads/documents/74wa3x7e22_fhiengelsk.pdf
http://www.recybem.nl/sites/recybem.nl/files/user/rapport_paks_in_rubber_tegels_en_andere_ondergronden_voor_speelplaatsen_van_de_nvwa_april_2014.pdf
http://www.recybem.nl/sites/recybem.nl/files/user/rapport_paks_in_rubber_tegels_en_andere_ondergronden_voor_speelplaatsen_van_de_nvwa_april_2014.pdf
http://www.recybem.nl/sites/recybem.nl/files/user/rapport_paks_in_rubber_tegels_en_andere_ondergronden_voor_speelplaatsen_van_de_nvwa_april_2014.pdf
http://www.proast.nl/
https://www.r-project.org/
http://www.ropema-europe.nl/rubber-tegels/


RIVM Report 2016-0184 

Page 56 of 62 

ROY, T. A. & SINGH, R. 2001. Effect of soil loading and soil 
sequestration on dermal bioavailability of polynuclear aromatic 
hydrocarbons. Bull Environ Contam Toxicol, 67, 324-31. 

RUBBEREN-TEGEL.NL. 2016. Rubberen-tegel.nl [Online]. Available: 
https://www.rubberen-tegel.nl [Accessed 24-11-2016]. 

RUBBERMAGAZIJN. 2016. http://www.rubbermagazijn.nl/ [Online].  
[Accessed Nov 24, 2016]. 

RUBBERTEGELWINKEL. 2016. Available: 
http://www.rubbertegelwinkel.nl [Accessed 24-11-2016]. 

RUBY, M. V., LOWNEY, Y. W., BUNGE, A. L., ROBERTS, S. M., GOMEZ-
EYLES, J. L., GHOSH, U., KISSEL, J. C., TOMLINSON, P. & 
MENZIE, C. 2016. Oral Bioavailability, Bioaccessibility, and 
Dermal Absorption of PAHs from Soil-State of the Science. 
Environ Sci Technol, 50, 2151-64. 

RUSINA, T., SMEDES, F. & KLANOVA, J. 2010. Diffusion coefficients of 
polychlorinated biphenyls and polycyclic aromatic hydrocarbons 
in polydimethylsiloxane and low-density polyethylene polymers. 
Journal of Applied Polymer Science, 116, 1803-1810. 

SAHMEL, J., HSU, E. I., AVENS, H. J., BECKETT, E. M. & DEVLIN, K. D. 
2015. Estimation of hand-to-mouth transfer efficiency of lead. 
Ann Occup Hyg, 59, 210-20. 

SCHNEIDER, K., ROLLER, M., KALBERLAH, F. & SCHUHMACHER-WOLZ, 
U. 2002. Cancer risk assessment for oral exposure to PAH 
mixtures. J Appl Toxicol, 22, 73-83. 

SCHNEIDER, T., VERMEULEN, R., BROUWER, D. H., CHERRIE, J. W., 
KROMHOUT, H. & FOGH, C. L. 1999. Conceptual model for 
assessment of dermal exposure. Occup Environ Med, 56, 765-73. 

SCHWOPE, A. D. & GOYDAN, R. 1990. Methods for assessing exposure 
to chemical substances. Volume 11: Methodology for estimating 
the migration of additives and impurities from polymeric 
materials. US-EPA report 560/5-85-015. 

SLOB, W., BAKKER, M. I., BIESEBEEK, J. D. & BOKKERS, B. G. 2014. 
Exploring the uncertainties in cancer risk assessment using the 
integrated probabilistic risk assessment (IPRA) approach. Risk 
Anal, 34, 1401-22. 

SLOB, W., BOKKERS, B. G. H., VAN DER HEIJDEN, G. W. A. M. & VAN 
DER VOET, H. 2011. Integrated probabilistic risk assessment 
(IPRA) for carcinogens, a first exploration. RIVM report 
320121002/2011, 
http://www.rivm.nl/dsresource?objectid=rivmp:55729&type=org
&disposition=inline. 

SPALT, E. W., KISSEL, J. C., SHIRAI, J. H. & BUNGE, A. L. 2009. Dermal 
absorption of environmental contaminants from soil and 
sediment: a critical review. J Expo Sci Environ Epidemiol, 19, 
119-48. 

STROO, H. F., ROY, T. A., LIBAN, C. B. & KREITINGER, J. P. 2005. 
Dermal bioavailability of benzo[a]pyrene on lampblack: 
implications for risk assessment. Environ Toxicol Chem, 24, 
1568-72. 

TE BIESEBEEK, J., NIJKAMP, M., BOKKERS, B. & WIJNHOVEN, S. 2014. 
General Fact Sheet : General default parameters for estimating 
consumer exposure - Updated version 2014, RIVM Report 
090013003, www.ConsExpo.nl. 

https://www.rubberen-tegel.nl/
http://www.rubbermagazijn.nl/
http://www.rubbertegelwinkel.nl/
http://www.rivm.nl/dsresource?objectid=rivmp:55729&type=org&disposition=inline
http://www.rivm.nl/dsresource?objectid=rivmp:55729&type=org&disposition=inline
http://www.consexpo.nl/


RIVM Report 2016-0184 

Page 57 of 62 

TECHNOAH. 2016. Available: http://www.technoah.nl/ [Accessed 24-11-
2016]. 

TER BURG, W., BREMMER, H. J. & VAN ENGELEN, J. G. M. 2007. Oral 
exposure of children to chemicals via hand-to-mouth contact, 
RIVM report 320005004/2007, 
http://www.rivm.nl/bibliotheek/rapporten/320005004.pdf. In: 
RIVM (ed.). 

TURKALL, R. M., ABDEL-RAHMAN, M. S. & SKOWRONSKI, G. A. 2010. 
Effects of Soil Matrix and Aging on the Dermal Bioavailability of 
Hydrocarbons and Metals in the Soil: Dermal Bioavailability of 
Soil Contaminants. Proceedings of the Annual International 
Conference on Soils, Sediments, Water and Energy, 13. 

US EPA 2001. Memorandum: Acephate-sensitivity analysis for turf risk 
assessment. In: OFFICE OF PREVENTION, P., AND TOXIC 
SUBSTANCES (ed.). Washington D.C. . 

US EPA 2005. Supplemental Guidance for Assessing Susceptibility from 
Early-Life Exposure to Carcinogens. EPA/630/R-03/003F. Risk 
Assessment Forum. U.S. Environmental Protection Agency. 

WESTER, R. C., MAIBACH, H. I., BUCKS, D. A., SEDIK, L., MELENDRES, 
J., LIAO, C. & DIZIO, S. 1990. Percutaneous absorption of 
[14C]DDT and [14C]benzo[a]pyrene from soil. Fundam Appl 
Toxicol, 15, 510-6. 

WHO 2006. Safety evaluation of certain contaminants in food. Prepared 
by the Sixty-fourth meeting of the Joint FAO/WHO Expert 
Committee on Food Additives (JECFA). WHO Food Additives 
Series: 55; FAO Food and Nutrition Paper 82; World Health 
Organization WHO; Food and Agriculture Organization of the 
United Nations FAO. 
http://whqlibdoc.who.int/publications/2006/9241660554_eng.pdf 

WHO 2010. WHO guidelines for indoor air quality: selected pollutants, 
ISBN 978 92 890 0213 4, 
http://www.euro.who.int/__data/assets/pdf_file/0009/128169/e
94535.pdf. 

WILSON, R., JONES-OTAZO, H., PETROVIC, S., MITCHELL, I., 
BONVALOT, Y., WILLIAMS, D. & RICHARDSON, G. M. 2013. 
Revisiting Dust and Soil Ingestion Rates Based on Hand-to-Mouth 
Transfer. Human and Ecological Risk Assessment: An 
International Journal, 19, 158-188. 

XU, Y., HUBAL, E. A., CLAUSEN, P. A. & LITTLE, J. C. 2009. Predicting 
residential exposure to phthalate plasticizer emitted from vinyl 
flooring: a mechanistic analysis. Environ Sci Technol, 43, 2374-
80. 

YANG, J., ROY, T. A., KRUEGER, A. J., NEIL, W. & MACKERER, C. R. 
1989. In vitro and in vivo percutaeous absorption of 
benzo[a]pyrene from petroleum crude−fortified soil in the rat. . 
Bull. Environ. Contam. Toxicol., 43, 207-214. 

ZHANG, Q., WIDMER, G. & TZIPORI, S. 2013. A pig model of the human 
gastrointestinal tract. Gut Microbes, 4, 193-200. 

http://www.technoah.nl/
http://www.rivm.nl/bibliotheek/rapporten/320005004.pdf
http://whqlibdoc.who.int/publications/2006/9241660554_eng.pdf
http://whqlibdoc.who.int/publications/2006/9241660554_eng.pdf
http://www.euro.who.int/__data/assets/pdf_file/0009/128169/e94535.pdf
http://www.euro.who.int/__data/assets/pdf_file/0009/128169/e94535.pdf


RIVM Report 2016-0184 

Page 58 of 62 

  



RIVM Report 2016-0184 

Page 59 of 62 

Appendix 1 Dermal absorption fractions 

Animal  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) 
Human Skin Ethanol 20% (Bartsch et al., 2016) 
In vitro (rat, 
hairless 
guinea 
pig,human; 
Testskin;human 
 
In vivo rat and 
guinea pig 

Acetone, according to 
abstract of ref #10 

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 –  22.7 ± 1.3 (Abdel-Rahman et 
al., 2002) 

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) 
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Appendix 2 Margin of Exposure (MoE) 

Calculation of MoE 
The extra cancer risk of PAHs from rubber tiles was estimated with the 
linear and model extrapolations as presented Chapter 5. It has been 
argued that the extrapolation to low risks is scientifically unjustified 
(O'Brien et al., 2006, Barlow et al., 2006, EFSA, 2005). Therefore, the 
Margin of exposure (MoE) approach was introduced for genotoxic 
carcinogens. In this approach, the point of departure (e.g. BMDL10) is 
divided by the human exposure, i.e. the margin is derived between the 
human exposure and the dose which causes a 10% extra risk in 
experimental animals. In contrast to the linear and model extrapolation, 
the MoE approach does not provide an explicit quantitative conclusion 
about the risk. EFSA (2005) suggests that the MoE should be at least a 
factor of 10,000 to be considered as “of low concern from a public health 
point of view”. 
 
In Table 2.1 the MoEs for the various tile concentrations are provided 
considering the internal BMDL10 of 0.15 mg/kg bw/day. 
 
Table 2.1: MoE for cancer risk of PAH8 from rubber tiles. 
Tile concentration 
(mg/kg) 

Total chronic (internal) 
dose (mg/kg bw/day) 
(weighted mean) 

MoE 

0.8 2.3·10-7 640,000 
4 1.1·10-6 130,000 
8 2.3·10-6 64,000 
 
MoE vs. low dose extrapolation 
The calculated MoEs are all above the value of 10,000 which is generally 
regarded by EFSA as ‘of low concern’. Hence, from this point of view 
additional steps are not needed. The fact that the conclusion based on 
the MoE differs from that of the risk assessment using the extrapolation 
methods is, however, not contradictory, because the two methods are 
very different. Whereas the extrapolation method calculates the risk at 
low doses, the MoE approach considers that cancer risk cannot be 
calculated, since an extrapolation of about five orders of magnitude is 
needed. The MoE is just a measure of the distance between the point of 
departure (in this case BMDL10) and the estimated human exposure, and 
does not give quantitative information on the cancer risk (Slob et al., 
2014) .  
 
Slob et al. (2014) showed that 1) the cancer risk estimate resulting from 
linear extrapolation in some cases cannot even be regarded as 
conservative and 2) ranking substances according to their point 
estimates for the MOE, ignoring the uncertainties in those estimates, 
may be misleading. These authors prefer the MoE method above the 
linear extrapolation method, but recommend performing an IPRA 
approach (applying the model extrapolation method), so that the 
uncertainty of the extra risk can be quantified. In line with this, in the 
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current risk assessment, we value the estimated extra cancer risk by the 
model extrapolation method above that of the MoE. 
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