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To whom it may concern,

Via this letter 1 would like to point out a number of shortcomings and flaws by the
RIVrV1 and ECHA in the risk assessments of rubber granulates used on synthetic sport turf
fields.

A major criticism is the lack of an additional safety/uncertainty factor for children
playing on these fields. From a toxicological point of view, t is very essential to
differentiate the risk for carcinogenicity of PAHs between children and adults. Tumor
initiation by these compounds is caused by DNA damage and it very plausible that fast
dividing celis are more vulnerable for genotoxic compounds. Animal studies have clearly
shown that exposure to genotoxic compounds in an early life phase can initiate a 5 to 60
times higher sensitivity for tumor formation later in adult life. This is no speculation but
supported by multiple results from toxicological studies and fully justifies the inclusion of
an additional safety factor for children (and possible adolescents).” 2] Both the EU and the
US-EPA have earlier proposed such additional safety (uncertainty) factors for children and
genotoxic compounds.3’41The US-EPA has proposed an additional safety factor 10 for
children up to 2 years and a factor 3 for children between 2 and 16 yearsJ31 However, the
report describing the proposed factor 3 does not provide any scientific (toxicological)
rationale to differentiate between a factor 10 and 3 for this early life time exposure.
Actually, the proposed factor 3 for children between and 2 and 16 years has arbitrarily
been chosen based on the logarithmic average between an uncertainty factor 1 and ioJ3
Furthermore, it is noticeable that within the EU a similar advice for the need of such an
additional safety factor has already been given by three scientific committees in 2009.
Nevertheless, no inclusion of such an additional safety/uncertainty factor in the chemical
risk assessment for genotoxic compounds has yet been applied within the EU.

Another significant scientific shortcoming in the risk assessment of ECHA is the
conciusion that the underlying carcinogenicity study with mice presents a suitable model
for children of four years and olderJ5’6] This conclusion is based on the comparative time
period from birth to adolescence between mice and humans based on life expectancy. In
the ECHA report it is stated that 40 human days are equivalent to 1 mouse day. However,
if ECHA would have used the cited article correctly, a conversion factor of approx. 100
human days equivalent to 1 mouse day in the prepubertal phase should have been usedJ71

The Institute for Risk Assessment Sciences (IRAS) is an interfaculty institute of the Faculties of Medicine and Veterinary Medicine.



Doc. 20.e.1

Universiteit Utrecht

Page 2of3

The consequence of this methodological flaw is the fact that the ECHA risk assessment for
PAHs is not valid for children older than 4 years, but actually older than approximately 10
yea rs.

Finally, it should be noticed that the ECHA and RIVM risk assessments do not pay
sufficient attention to mixture toxicity. Admittedly, t is extremely difficult to quantitatively
establish an additional uncertainty factor for mixture toxicity. Nevertheless, it must be
recognized that rubber granulates contain a wide array of compounds with carcinogenic
and endocrine disrupting properties, eg. PAHs, phthalates and BPA. 1f we restrict this to
only the carcinogenic potential of PAHs in rubber granulates, there are dear toxicological
arguments that warrant concern. For example, compounds like BPA are also immune
disruptors that can modulate the immune system, e.g. via infiammatory processes. Via
this mechanism the carcinogenic potential of other compounds like PAHs can be
exacerbated. Unfortunately, this example alone already illustrates that the recent risk
assessments of RIVM of BPA for rubber granulates did not include the most recent
toxicological insights on chemical mixtures.81

Based on the information provided above, T conclude that both the RIVM and ECHA
risk assessments of PAHs in rubber granulates on articifical playing fields include some
serious flaws that creates an underestimation of the risk for children. This should be
corrected to obtain a more scientific sound and balanced opinion for children with respect
to carcinogenicity of PAH5 in rubbergranulates on synthetic sport turf fields.

Yours sincerely,

Prof. dr. dr. h.c. Martin van den Berg, ERT
Head Toxicology & Veterinary Pharmacology Division

The Institute for Risk Assessment Sciences (IRAS) is an interfaculty institute of the Faculties of Medicine and Veterinary Medicine.
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Produktsicherheit und -qualitat
Produkt- und Umweltanalytik TUV Rheinland Group

Page 2of2

Test Report No.: AZ 20804b

Date: 28.07.2006

Method: According to: Determination of 16 polycyclic aromatic hydrocarbons PAH (EPA) in

polymers by GC/MS, deviation extraction by toluene; DIN ISO 18287 QMA
2.516.258

Requirement: Recommended limits according to expert discussion, Berlin, 02.08.2005

Parameter intended use, skin contact intended use, skin contact
less than 30 sec more than 30 sec

[mg/kg} [mglkgj

Benzo[a]pyren <20 <1

sum <200 <10
16 PAH (EPA)

Sample No.: 2006-29038
Sample: 00-0814

Parameter Unit Result
Naphthalene mg/kg 1,4
Acenaphthylene mg/kg 1,2
Acenaphthene mg/kg <0,1
Fluorene mg/kg 0,4
Phenanthrene mg/kg 4,3
Anthracene mg/kg 0,6
Fluoranthene mglkg 7,7
Pyrene mglkg 22,2
Benzo(a)anthracene mglkg 0,5
Chrysene mg/kg 3,0
Benzo(b)fluoranthene mglkg 2,3
Benzo(k)fluoranthene mglkg 0,7
Benzo(a)pyrene mg/kg 2,3
ndeno(1,2,3-cd)pyrene mg/kg 0,6
Dibenz(a)anthracene mg/kg 0,2
Benzo(ghi)perylene mg)kg 4,6
Total PAH (EPA) mg/kg 52,0

Determination limit of the test method: <0.1 mg/kg per PAH component.

Single components with an amount of < 0,1 mg/kg were not considered by the calculation of the sum, In

the case of all 16 PAH according to EPAwere not detected, the resultis stated n.n.

-END-
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Produktsicherheit und -qualitât -

Produkt- und Umweltanalytik TUV Rheinland Group

Page 2

Test Report No.: AZ 20804a

Date: 28.07.2006

Method: According to: Determination of 16 polycyclic aromatic hydrocarbons PAH (EPA) in

polymers by GC/MS, deviation extraction by toluene; DIN ISO 18287 QMA
2.516.258

Requirement: Recommended limits according to expert discussion, Berlin, 02.08,2005

Parameter intended use, skin contact intended use, skin contact
less than 30 sec more than 30 sec

(mg/kgj [mglkgj

Benzo[alpyren <20 <1

sum <200 <10
16 PAH (EPA)

.

. Sample No.: 2006-29037
Sample: DC-1430

Parameter Unit Result
Naphthalene mglkg 1,4
Acenaphthylene mg/kg 1,2
Acenaphthene mglkg 0,1
Fluorene mgfkg 0,4
Phenanthrene mglkg 3,8
Anthracene mglkg 0,5
Fluoranthene mglkg 7,1
Pyrene mg/kg 20,8

Benzo(a)anthracene mglkg <0,1

Chrysene mg/kg 3,0

Benzo(b)fluoranthene mg/kg 2,2

Benzo(k)fluoranthene mglkg 1 ,2
Benzo(a)pyrene mg/kg 2,2

Indeno(1,2,3-cd)pyrene mg/kg 0,8

Dibenz(a)anthracene mglkg 0,3

Benzo(ghi)perylene mg/kg 5,0

Total PAH (EPA) mg/kg 50,0 —-

Determination limit of the test method: <0.1 mg/kg per PAH component.

Single components with an amount of < 0,1 mg/kg were not considered by the calculation of the sum. In

the case of all 16 PAH according to EPA were not detected, the result is stated n.n.

-END-
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INSTITUTO DE CIÊNCIA E TECNOLOGIA DE POLIMEROS

PAHs determination according to ‘AfPS GS 20 14:01 PAH specification’

Product grade: Cryoflex ® DC-0725 cryogenic rubber infili of RECIPNEU

Substance name CAS No. mg/kg

Benzo [aj pyrene (BaP) 50-32-8 < 0,30

Benzo [ej pyrene (BeP) 1 92-97-2

Benzo [a] anthracene (BaA) 56-55-3 < 0,15

Benzo [b] fluoranthene (BbFA) 205-99-2 < 0,15

Benzo ij] fluoranthene (BjFA) 205-82-3

Benzo [k] fluoranthene (BkFA) 207-08-9 < 0,15

Chrysene (CHR) 218-01-9 < 0,15

Dibenzo [a,h] anthracene (DBAhA) 53-70-3 < 0,30

Benzo [g,h,i] perylene 191-24-2 < 0,30

Indeno [1,2,3-cd] pyrene 193-39-5 < 0,30

Acenaphthylene 208-96-8 < 0,15

Acenaphthene 83-32-9 < 0,15

Fluorene 86-73-7 < 0,15

Phenanthrene 85-01-8 0,24

Pyrene 129-00-0 1,24

Anthracene 120-12-7 < 0,15

Fluoranthene 206-44-0 0,35

Naphthalene 91-20-3 < 0,15

Sum of 18 PAH above < 4,4

Date of tests conclusion: 11 May 2017 Date of sample reception: 8 April 2017
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PAHs determination according to ‘AfPS GS 2014:01 PAH specification’

Product grade: Cryoflex ® DC-0814 cryogenic rubber infili of RECIPNEU

Substance name CAS No. mg/kg

Benzo [a] pyrene (BaP) 50-32-8 < 0,29

Benzo [ej pyrene (BeP) 192-97-2

Benzo [al anthracene (BaA) 56-55-3 < 0,14

Benzo [b] fluoranthene (BbFA) 205-99-2 0,43

Benzo [j] fluoranthene (BjFA) 205-82-3

Benzo [k] fluoranthene (BkFA) 207-08-9 < 0,14

Chrysene (CHR) 218-01-9 0,34

Dibenzo [a,h] anthracene (DBAhA) 53-70-3 < 0,29

Benzo [g,h,i] perylene I1-24-2 0,37

Indeno [1,2,3-cd] pyrene 193-39-5 < 0,29

Acenaphthylene 208-96-8 < 0,14

Acenaphthene 83-32-9 < 0,14

Fluorene 86-73-7 < 0,14

Phenanthrene 85-01-8 0,23

Pyrene 129-00-0 1,88

Anthracene 120-12-7 <0,14

Fluoranthene 206-44-0 0,54

Naphthalene 91-20-3 < 0,14

Sum of 18 PAH above < 5,7

Date of tests conciusion: 11 May 2017

ICTPOL, 11th May 2017

Date ofsample reception: 8April 2017
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INSTITUTO DE CIÈNCIA E TECNOLOGIA DE POLIMEROS

PAHs determination according to ‘AfPS GS 2014:01 PAH specification’

Product grade: Cryoflex ® DC-1014 cryogenic rubber infili of RECIPNEU

Substance name CAS No. mg/kg

Benzo [a] pyrene (BaP) 50-32-8 < 0,29

Benzo [ej pyrene (BeP) 1 92-97-2

Benzo [al anthracene (BaA) 56-55-3 < 0,14

Benzo [b] fluaranthene (BbFA) 205-99-2 < 0,14

Benzo [ii fluoranthene (BjFA) 205-82-3

Benzo [k] fluoranthene (BkFA) 207-08-9 < 0,14

Chrysene (CHR) 218-01-9 0,14

Dibenzo [ah] anthracene (DBAhA) 53-70-3 < 0,29

Benzo [g,h,i] perylene 191-24-2 < 0,29

Indeno [1,2,3-cd] pyrene 193-39-5 < 0,29

Acenaphthylene 208-96-8 < 0,14

Acenaphthene 83-32-9 < 0,14

Fluorene 86-73-7 < 0,14

Phenanthrene 85-01-8 0,17

Pyrene 129-00-0 0,98

Anthracene 120-12-7 < 0,14

Fluoranthene 206-44-0 0,29

Naphthalene 91-20-3 < 0,14

Sum of 18 PAH above < 3,9

Date of tests conclusion: 11 May 2017 Date of sample reception: 8 April 2017

ICTPOL, 11t1i May 2017
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INSTITUTO DE CIÈNCIA E TECNOLOGIA DE POLIMEROS

PAHs determination according to ‘AfPS GS 2014:01 PAH specification’

Product grade: Cryoflex ® DC-1430 cryogenic rubber infili of RECIPNEU

Substance name CAS No. mg/kg

Benzo [a] pyrene (BaP) 50-32-8 < 0,29

Benzo [e] pyrene (BeP) 192-97-2

Benzo [a] anthracene (BaA) 56-55-3 < 0,15

Benzo [b] fluoranthene (BbFA) 205-99-2 < 0,15

Benzo Dl fluoranthene (BjFA) 205-82-3

Benzo [k] fluoranthene (BkFA) 207-08-9 < 0,15

Chrysene (CHR) 218-01-9 0,32

Dibenzo [ah] anthracene (DBAhA) 53-70-3 < 0,29

Benzo [g,h,ij perylene 191-24-2 < 0,29

Indeno [1 ,2,3-cd] pyrene 1 93-39-5 < 0,29

Acenaphthylene 208-96-8 < 0,15

Acenaphthene 83-32-9 < 0,15

Fluorene 86-73-7 < 0,15

Phenanthrene 85-01-8 0,20

Pyrene 129-00-0 1,55

Anthracene 120-12-7 < 0,15

Fluoranthene 206-44-0 0,41

Naphthalene 91-20-3 < 0,15

Sum of 18 PAH above < 4,8

Date of tests conciusion: 11 May 2017

ICTPOL, 11th May 2017

Date of sample reception: 8 April 2017
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Rubber - Determination of the aromacity of oil
in vulcanized rubber compounds

Requested by ICTPOL—

NMR national network: Spectrometer BrukerAvance fl1500.

Responsible:

IST, l8th February, 2013
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Annex A

Resuits of iH NMR analysis of PAH in oil extracts of rubber

The average values of lo, ICHCI3, Ii, 12,13 and %HBay are shown below:

Average of:

10 6.6831

‘CHCI3 3.1934
I 3.4897

12 0.3308
13 93.3166
% Hay 0.3417

Annex B

Results of integrations in iH spectra of samples

1 1CHCI3 12 13
13.1 6.748 3.1683 0.3309 93.2512

13.2 6.5875 3.14 0.3309 93.4125

13.3 6.7138 3.2719 0.3305 93.2861

Average 6.6831 31934 0.330767 93.3166

% Hay = 0.3417

‘H NMR spectra of oil extracts of rubber with integrations

Note that:

- 3 different integrations were done for each sample spectrum
- 1H spectra and integrations are according procedure ISO 21461
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Cryoflex
Cryogenic rubber infili

by Recipneu
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CRYOGENIC RUBBER INFILL

RECIPNEU produces rubber granulates from end-of-life tyres by means of the
cryogenic process technology.

These granulates are used as rubber infili material for synthetic turf, as they
impart excellent shock absorption, elasticity, resilience and energy restitution
properties, since the cryogenic process employed preserves these properties,
pre-existing in the input tyre rubber.

The process begins with shredding the raw material into small chips.

The chips are then dropped into a long cryogenic tunnel and deeply cooled by
liquid nitrogen to -80°C, surpassing the glass transition point of the tyre rubber
polymers, being the chips thereafter hit by a very strong impact in hammer
mills, causing the instantaneous fracture of the “glassy” rubber chips into small
rubber granulates.

After cryogenic grinding, steel and textiles are removed, and the rubber is
dried and sieved into different standard sizes.

At the end of the process, the rubber particles show regular pattern shapes,
with smooth faces - “flat to moderately angular” morphology type — with a very
small pore density.
The process doesn’t degrade thermally or chemically (by oxidation) the rubber
polymers.

RECIPNEU



ADDED VALUE OF CRYOGENIC RUBBER INf4L20f7

STRUCTURE & STABILITY (BEHAVIOR):

• No degradations, thermal (ultra cold process) or chemical-oxidative (no
oxygen, only nitrogen), are introduced in the rubber;

• Flat morphology (practically no pores) - the cryogenic rubber particle without
pores on the surface, is a kind of a “closed” particle. Its superficial area is
minimal and there is not too much interacting/exchanging rubber ingredients
with the exterior.

• Behavior like an “encapsulated particle” — minimum leachates, odor and
volatiles release;

• Synthetic grass filaments have indeed longer durability under strong UV sun
radiation (due to minimal volatiles released from the cryogenic rubber infill);

RECIPNEU

Surface Morphologies of Rubber Infili Particles

Electron Micrograph of Cryogenic
Rubber Particle

Type “Flat to Moderately Angular”

Electron Micrograph of Mechanical
Rubber Particle

Type “Spongeous”



•The absence of pores avoid physical adsorption of air bubbles on the particle
surface, so no floating in the ram water and the rubber is stable in place.

COMPACTION (BEHAVOR):

• Cryogenic rubber infili has regular solid shapes; with the silica sand,
altogether form a homogeneous mixture (accurate rubber sizes) of
regular shapes in the infili Iayer, and once they retain neither air nor water
bubbies, an excellent water drainage is provided.

• The cryogenic rubber infili does not compact due to its good abrasion
resistance, avoiding particles to break in smaller powders, and show a
prompt elastic recovery due to the non-degraded rubber polymer chains. As
a result, the infili keeps having a good shock absorption for many years.

RECIPNEU

Typical Shapes of Rubber Infili Pari€.f.7

p1

Cryoflex ® Cryogenic Rubber Infili Mechanical / Ambient Rubber XnfiN

Typical Shape of Rubber Infili Particles
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Cryoflex ® Cryogenic Rubber Infili Mechanical / Ambient Rubber Infili



ATHLETIC PERFORMANCES: Doc. 20.f.7

The main features of the cryogenic rubber infili leading to players excellent
performances are:

• Good elastic properties;

• Minor compaction;

• Additional game comfort: Pitch neither too hard nor too soft;
• Best player’s pressure points, grip and twist during the game:

Good rotational resistance, linear friction Stud, deceleration Value, etc.;
• improved bali rolling and rebound (vertical & angie);
• Shock absorption and less deformation.

“Any time, any pitch... always the same homogeneous granules assuring
high performances and durable artificial pitches...”

RECIPNEU
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HEALTH & ENVIRONMENTAL FRIENDLY:

• No rubber smell;

• No black powder release (to stam skin or clothes);

• Higher stability in place (no displacement with water flow);

• Compliance with EU standards NF P90-112 and DIN V 18035-7;

• No significant volatiles emission to cause depletion in the UV resistance
filters of plastic grass filaments;

• Very high abrasion resistance (resistance to compaction and
powderization);

• Negligible release of inhalable particles (PMI0 and PM2.5).

RECIPNEU



CRYOGENIC RUBBER INFILL AMBIENT i?4tIFILL

Rubber particles with flat surface
morphology (10w pore density or

superficial area per unit mass, very
reduced emissions)

High durability of the artificial grass
polymers in contact with the rubber
particles (its minimal emissions of
sulfur and oil vapors don’t deplete
the UV protection chemicals in the

grass filaments, so they resist many
years)

Reduced durability of the artificial
grass polymers in contact with the

rubber particles (its high sulfur
and oil vapors emissions reacts

with the UV protection chemicals in
the grass filaments, so they

become not protected very soon)

RECIPNEU
-

Particles with Spongeous” type
morphology (very high pore density,
very high superficial area per unit

mass, high emissions)

0

w

Particles with regular shape, round Particles with very irregular shapes
to moderately angular — ISA Sport)

The best Compaction restance — PoorCompaction resistance — —

rubber doesn’t compact during the rubber compacts during the years
years of use (TNO Study, Multiturf of use (TNO Study, Multiturf

Project) Project)

Excellent ram water drainage (the Bad ram water drainage (the field
field never floods) gets flooded)

Higher apparent density, no floating, Lower apparent density, floating
and stability of rubber in place - no particles, and flow with water —

need rubber refilis need of rubber refilis.

Best ageing resistance — Lisport test Reasonable ageing resistance
(extended durability of the rubber

infili layer) (IBV Report and ISA
Sport report)

Excellent mechanical performance
FIFA Quality Concept (IBV Report)

Excellent resistance of the rubber Good resistance of the rubber
particles to UV rad iation (no color particles to UV rad iation (no color

change) change)
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CRYOGENIC RUBBER INFILL AMBIENT RUBBER INFILL

Excellent elastic properties Regular elastic properties
Lii (molecular structure not degraded in (molecular structure much

cryogenic production process) degraded in hot + friction

< production process)

Best player’s pressure point, grip and
twist during the game: good

rotational resistance, linear friction
stud and deceleration value.

j More Game Comfort: Pitch neither
1—. too hard nor too soft
<

Zinc Leachates: Compliance with
DIN V 18035-7 standard

(Dr. Grunder test, Fresenius Inst.)

Compliance with NF P90-112
standard.

Compliance with accepted PAH’s
regulations (TUV test)

Practically no rubber smeil Intense rubber smeil

No release of abraded carbon black Staining / adherence to skin and
(no staining / no adherence to skin clothes

and clothes)

p FiECIPNEU

z
w

z
0

5z
w

j
w Negligible inhalable dust liberation

(PM2.5 and PMIO)
High amount of inhalable dust
liberation (PM2.5 and PM1O)
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okoroglsche Bewertung von Bauprcdu
TeL/Fax privat:

Tel.Fax üro: 030-8J__

Enciosure 1, ,,DC 0814’, 4!4 to the Letter from April26, 2008

& Summary for tyre rubber recycling granule “DC 0814 (1.4.08)” from RECIPNEUISInes

Measurinç parameters, requirements and acoreditation of the test-laboratory

All tests are done according to the standarci DIN V 1 805-7, table 7, environmerdal ascpects
only. The resuits are valued by the requiremerits of this staridard.
Al! the cests are cariled out by the SGS Institute Fresenius in Berlin. This institute and l are ac
credited for all the experimental methods needed and according to DIN EN lSO!IEC 17025 by
the accrediting authority of the DAP, Deutsches Akkreditierungswesen GmbH.

5.1 Te5t resuits

measuririg parameter test resuits requlrements judgement

EOX 20 nigfkg 100 mgRg okay
DOC 13 nig!l 20 mgIl resp. 40 mg/l okay
Lead/Pb, aoid eluate 0,005 rng!l 0,04 mg/l okay
Cadmlum(Cd, acid eluate < 0,001 mg!l 0,005 rng/l okay
Chromlum/Cr total, acid eluate 0005 mgIl 0,05 mg/l okay
Chromiurn VIICr VI, aoW eluate < 0,005 mgll 0,008 mg/l okay
Morcury/Hg, aoW eluate < 0,0002 mgf! 0,001 mgR okay
ZincIZn*, acid eluate 2,5 mg/l; 2,0 mgIl 3 mgll, k.o.-Kriterium > 20 mgll (okay)
TInISn, aoW eluate < 0,02 mg/l 0,05 mg/ okay
alternative:
ZinO/Zn*, hydrous eluate 0,04: 004; 004 mg/l 0,5 mg/I, lç.o,-Kriteriurri 1 mg/I okay

One of the alternative requirements (acid er hydrous eluate) must be fulfriled at least, exceodin0
of one of the k.o.-criteria leads to disqualification of the product.

62 Judgement

The ecological requiremerits of the statidard DIN V 18035-7 are fulfilled for the tyre rubber recy
ding granule DC 0814 (1.4.08)’ from RECIPNEU for all the test-parameters.

It must be emphasized that all the resuits dIscussd and valued in this report are onfy

valid for the test sample and that no continurnis surveillance of the quality of the product

is included.

Date: Berlin, 26.04.2008 Signati
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Savignyplatz 13
Qkol1che Bewertung von Bauprodiïkti D-10623 Berlin

TeI./Fax privat: 03C
TeL/Fax Büro: 030-886

Enalosure 1, ,,DC 1430’, 114 to the Letter from April 26, 2008

Test report

1. Test sample

The recycling rubber is called iri the test report

DC 1430, 1.4.08 for the sample “DC 1430 (0,6-1 mm)”

2. Measuring parameters, requirements and accreditation of the test-laboratory

All tests are done according to the standard DIN V 18036-7, table 7, environmental ascpects
only. The resuits are valued by the requirements of this tandard.

All the tests are carried out by the SGS Institute Fresenius in Berlin. This instftute and 1 are ac
credited for all the experlmental methods needed and according to DIN EN ISO/IEC 17025 by
the accrediting authority of the DAP, Deutsches Akkreditierungswesen l3mbH.
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Paramor

EOX

48 h saums EluQt

Çadmlum
GFrom gas.
Gueckailbar
Zinri
Zink 1. Mosung
Zink 2. Mor.ung

m)1
mg/I
mg/!
mgfl
mgR
mgR
mg/l

mgR
mgR
mg/I

8158778
REC cG DC 1430

<0,001
<0,005
<0,0002
<0,02

4,0
4,2

0,05
0,05
0,05
16

Svignyplatz 13
D-10623 Berlln

TeL IFx privat: 030
Tel./Fax Büro: 030-886

0,005
0,001
o,oas

0,0002
0,02
0,01
0,0

DIN V 18035’7
DN EN ISO 11685
DIN EN Iso ii 8B5
DN EN ISO 11885
CIN EN 1483
DIN EN (80 11885
DIN EN SO 11885
DIN EN ISO 11665

Okoloische B8wertung von Bauprodukteri

3. Test resuits

Proben von Ihnan über5endut Matrb; ummlgranUIt

Probenntirnmer
Bze1chnurig

Eirhft

rng!kg

Enciosure 1, ,,DC 1430”, 2/4 to the Letter from April 26, 2008

6timmungs- Mothnd
grenza

10 D1N58414-17

01.04.2006

20

‘8 h w5sriges Eluat
Zink 1. Mssung
Zink 2. Meaoung
Zink S. Massung
DCC

DIN V 18035’7
0,01 DIN EN (80 11885
0,01 DIN EN 50 11865
0,01 DN EN 50 11886

S DIN EN 1484
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Savignyplatz 13
Okologische Bewertung von Bauproduktcn D-10623 Berlin

TeI.IPax privat: 03(
TeIJFax SOro: 030S86

Enclosure 1, ,,DC 1430, 3/4 to the Letter From April 26 200e

4. Discussion of the resuits

It must be cmphasized that all the results dïscused and valuecl in this report are only
valid for the test sample and that no contlnuous surveillance of the quallty of the product
îs inciuded.

DCC, EOX
The requirement of the diluted organic carbon (DCC) in the hydrous 48-h-eluate (Ilmit 20 mg/I)
is with a measured value of 16 rrig/I for the sarriple fulfilled.
Only in the case of a DOC > 20 mg/I but 40 mg/l, the EOX-values must be valued. The re
quirement is, that the EOX must be 100 mg/kg.

Lead (Pb), Cadmium (Cd), Chromium (Cr), Mercury (Hg) and Thi (Sn)
The requirements for these heavy metals in the acidic 48-h-eluate (Pb 0,04 mgll, Cd 0,005
mg/l, Cr total 0,05 mg/I, Cr VI 0008 mg/l, Hg 0,001 mgII and Sn 0,05 mg!I) are fulfihled.

Zinc (Zn)
The requirement for the acidic 48-h-eluete (Zn s S mgII) is with the experimental values of 4,0
mg/l and 4.2 mg/l for the sample fulfilled.
The k.o.-criterium of 20 mgII is not hurted.
The alternative allowed requirement for the hydrous 48-h-eluate (Zn 0,5 mg/l) is with the meas
ured experimental values of 0,05 mg/I, 0,05 mg/l and 0,05 mg/I for the sample fulfilled.

Summary
The tested recycling rubber “DC 1430 (1 .4.2008)” from RECIPNEU is fulfilling the envwonmental
requirements of the DIN V 18035-7.
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Savignyplatz 13
D-10523 Berlin

TeLIFax privat: 030-
TeL/Fax BOro: 030-886 8

Enciosure 1, DC 1430’, 4/4 to the Letter from April 26, 2008

5, Summary for tyre rubber recycllng granule “DC 1430 (1,4,08)” from REGIPNEUISInes

Measuririg parameters, requirements and accredftation of the testiaboratory

All tests are done according to the standard DIN V 18035-7, table 7, environmental ascpects
only. The resufts are vaftied by the requirements of this standard.
Al! the tests are carried Out by the SGS Institute Freseriius in Berlln. This institute and 1 are ac
credited for all the experimental methods needed and according to DIN EN ISO/IEC 17025 by
the accrediting authority of the DAP, Deutsches Akkreditierungswesen GmbH.

5.1 Test resuits

measurlng parameter test resuits requlrements judgement

EOX 20 mgIIg 100 mglkg okay
DOC 16 mg/l 20 mgIl resp. 40 mg/I okay
Lead!Pb, acid eluate < 0,005 mg!i 0,04 rng(l Okay
CadmiumlCd, id èluate ‘ 0,001 mg/l 0,005 mgIl okay
Chromium!Cr total, aci eluate 0,005 mg/I 0,05 mg/l okay
Chromium Vl/CrVI, ecid eluate < 0,005 mg!I 0,008 mgil okay
MercurylHg, acid eluate < 0,0002 mg/i 0,00 1 mgII okay
Zinc/Zn*. acid eluate 4,0 mgR; 4,2 mgR 3 mgII, ko-Kriterium ‘ 20 mgfI (okay)
Tin/Sn, acici eluate 0,02 nig/l 0,05 mg! okay
alternative:
Zinc/Zn, hydrous ek.iate 0,05; 0,05; 005 mgR 0,5 m/l, k.o.-Kriterium> 1 mgR okay

One of the alternative requirements (acid or hydrous eluate) must be fulfilled at least, exceeding
of one of the k.o.-criteria leads to clisqualification of the product.

5.2 Judgernent

The ecological requirements of the staridard DIN V 18035-7 are fulfilled for the tyre rubber recy
ding granule ‘DC 1430 (1.4.08)’ from RECIPNEU for ll the test-parameters

It must be emphasized that all the resuits discussed and valued in this report are only
valid for the test sam ple and that no contlnuou surveillance of the quality of the product
is Inciuded.

SignatureDate: Berlin, 26.04.2008
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Eriolosure 2, DC 1430’, 1fl to the Letter from April 26, 2008

In addition to the requlrements of DIN V 18035-7 sme Jmportint (for the producer) infor
mations who are not valued.

1. Content of heavy nietls (see “Druckaufschluss’)

The content of these heavy metals are measureci, which ar valued in the acidic 48-h-eluate.
The content of the heavy metals Lead, Cadmium, Chroniium, Mercury and Tin are all very litUe
and in the normal rango for rubber granules.
The content of Zint is stili in the range of tyre-rubber-granules with the measured value of 15100
mg!kg for DC 1430 (1.4.08).

Probon von Ihnen ObersondGt Mtrix; GummIranurM

PrabonnUrnmGr
Sezeichnung REC G DC 1430

Eingangsdatum 01.04.2008

Parameler Einheft BestlmmLrgs- Methode

Aulschlu0 DN EN 1366
iei ?‘12 rn!k 4,2 3 DIN EN 100 11885
Cadmium mg/1g 0,52 0,3 DIN FN ISO 11885
ChramgGs.C rrigfkg 1 DINEN ISO 11885
Ouacksllbur mgfkg <0.1 0.1 DIN EN 1483
Zinri n rn0fk <10 10 DIII EN 150 11885
Zink rng/kg 15100 1 DIN EN 15011885
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TEST REPORT

RAPPORT D’ESSAIS 1 INFORME DE ENSAYOS

Test on infili materials (elastomer) / Essais sur matériaux de remplissage
(élastomère) / Materiales de relleno (elastômeros)

Test realized according to NF P90-112, EN 15330-1 standards and FIFA, IRB handbooks
Essais réallsés selon les normes NF P90-112, EN 15330-1 et les référentiels FIFA, IRB
Ensayos segûn las normas NF P90-112, EN 15330-1 y los referenciales FIFA, IRB

CRYOFLEX DC-0725
RECIPNEU

Report 1 rapport 1 informe nR141 589-BI

Date : 1110212015

This report has been established from the reports R100486-D2 and R141300-Al / Ce rapport est établi â partir das rapports R100486-D2 et R141 300-Al / Este informe se
ha establecido a partir de los informes R100486-D2 y R141 300-Al

The test report reproduction is allowed only in its integrat form / La reproduction du rapport «essais nest astorisée que sous sa torme intégrate / Se perrnite ta reproduccidn dcl presente intorme
ûnicamente en su forma integral
The resuits are valid onty for the assessed sample / Les résultats concement uniquement les oh/ets soumis aux essais / Las resultados det presente infarme se refieren enclusivamente a las
muestras abjeto de las ensayos.

LABOSPORT S.AS
Technoparc du Circuit des 24 Heures • Chemin oux Bceufs • 72100 Le Møns, Fronce
contoct@lobosport.com www.labpsoort.com
Tél.: .33(0)24347 0840 • Fox: 33 (0)2434708 28



TEST REPORT 1 RAPPORT D’ESSAI 1 INFORME DE ENSAYOS

RECIPNEU 1 CRYOFLEX® DC•0725

SUMMARY 1 SOMMAIRE 1 INDICE

1 • IDENTIFICATION 1 IDENTIFICATION 1 IDENTIFICACION

2. WEATHERING / VIEILLISSEMENT / ENVEJECIMIENTO

3. TOXICOLOGY AND ENVIRONNEMENT / TOXICOLOGIE ET

ENVIRONNEMENT / TOXICOLOGIA Y MEDIOAMBIENTE

3.1 Leading 1 Lixiviation 1 Lixiviacion

3.2 EOX

SYNTHESIS / SYNTHESE / SINTESIS

Page 2/11 Report / rapport/informe nR141589-B1
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TEST REPORT 1 RAPPORT D’ESSAI 1 INFORME DE ENSAYOS

RECIPNEU 1 CRYOFLEX® DC-0725

1. IDENTIFICATION! IDENTIFICATION 1 IDENTIFICACION

LAB

Information provided by the supplier / Caracteristiques fournies par Ie fabricant / Caracteristicas comunicadas per ei fabricante

RECIPNEU

Parque Industrial de Sines - P.O Box 26
7521 Sines
Portugal

CRYOFLEX® DC-0725

Black / rtoire / negro

SBR

Specimen information 1 Information corrcemant léchantilion / Datos sobre ia muestra

13/11/2014

RECIPNEU

04/08/20 14

015977

From/du 04/08/2014 to/au 12/12/2014

Particle shape
(-) EN 14955 V v v vForme / Forma

045 044 045Bulk density
(g/cm3) EN 1097-3 V ‘/ v VDensité / Densidad Moyenne : 0,45

Particle size
d (mm) EN 933-1 0,800 0,5 V V V
D (mm) EN 933-1 2,500 2,5 V V V
Color

(-) vlsual Black / noire / negro V v v -Couleur / Coior

Permeability *

(m/s) EN 12616 0,0150 0,0001 - - -Perméabilité / Permeabulidad

9005 8022 9011 - - - VRAI (-) Internal
eE=5,64 AE=566 AE=6.35

Thermogravimetric Analysis TGA 1
Analyse thermogravimétrique ATG / SBR
Anâhsis Termogravimétrico ATG

ISO 9924-1charge / charge / carga (%) 35,4 - v v -
organic / organique / orgnico (%) 64,6 - V V -

elastomer / élaatomère / elastomero (%) 57,1 >20 V V -
V required for identification / demande pour i’identification

Watertemperature/Température de l’eau)Temperatura del agua: 19 ‘C

This resuits have been taken from the report R141300-A1 / Ces résultata ont été repris du rapport R141300-Ai / Esos resultados son procedentes del
informe R141300-A1

‘•F;.

Result
Résultat

Resultado
NF P90-112 FIFA IRB EN15330-1

Page 3 /11 Report / rapport / informe n R141 589-Bi Date: 11/02/2015



Doc. 20.f.1O

TEST REPORT 1 RAPPORT D’ESSAI 1 INFORME DE ENSAYOS

RECIPNEU 1 CRYOFLEX® DC.0725

Particle size d/D
Granulométrie / Granulametria

LABOJ

SievelTamjs/Crjbas (mm) 1 0,0001 0,2001 0,315 1 0,4001 0,5001 0,6301 0,8001 1.0001 1.2501 1.60012,0001 2.5001 3.1501 4.0001
Refusal/RefuslRechazo(at 1 201,31 201,21 201,0 1 201,0 1 200,5 1197,9 1186,61168,01 136,21 82,5 1 31,9 1 5,8 1 0 1 0 1

Passina/Passantlpasante (%1 1 0 0 0 0 1 1 2 IL 1 17 1 32 L 1 84 1 97 1 100 1 100 1,. .
. — —

RefusallRefus/Rechazo (%t 1 0 1 0 1 0 1 0 1 1 1 6 1 9 1 16 1 27 1 25 1 13 1 3 1 0 1 0 1

100 30

90

80 25

70

60 20

50
15

40

30
10

20

10
S

0 III

id’ 00 0 1,000 1,500 2,000 2,500 3,500 0
Sieve (mm)

Particle size- sieve analysis

—« Passing/Passant/Psante 1%) —u— Refusal/Refus/Rechazo (%)

Definitions d largest sieve / plus granct tamis <10% D srnallest sieve / plus petit tamis >90%

Page 4 /11 Report/ rapport / informe nR141 589-Bi Date: 11/02/2015
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TEST REPORT 1 RAPPORT D’ESSAI 1 INFORME DE ENSAYOS

RECIPNEU 1 CRYOFLEX® DC.0725

Thermogravimetric Analysis TGA / Analyse thermogravimétrique ATG / Anâlisis Termogravimétrico ATG

Data CoOecIea O40ê’2ol4 130634 015917 blac8 015977 black 160
Operalo K1 IC Unsu59aded We19111 % (%) Sleps 1-5
SamplelO 015977 black

--— 015977 black 015917 black 160
5a0910 Weght. 62405169 Delleatloe lJntMracte0 WeighI % (%4sin) (510059164) StOps 1-6
151641 Pur9e Gas NIllogen
CommOnt. 141300

Pefl4nEKne, 7GA40041 591*41 flunwee 52242092805 - callbralton 4101,181 t pefl’6I 10fl

loo
- 1 0

90 - -. 1\

\
80

1 1
VS 1/ j 88
88 =
r

t 1 Delta Y = 57 0902 %
60 0 fl0191108 35 4

°0 ofçjarnc 64 6 t
51 rubber 57 1

50 1

40 / Onsel Y = 35 3669 0

/ 0fl lX=64u48C

30 --6
50 100 200 300 400 500 600 700 800 850

relnperallee (C)

BOSPO)

04082014 13 523
t) Hold 1011 Ornfl al 50 OCt 4) HeattrOln300 bOt 10 650 OOt al ISOOtlm*fl
2) Heatliom 50 OOt to 300 00V al 5 Ootimer 51 Heal Trom 550 00V to 850 05V al 25 OOtflTTin
31 HotdtorSOmkral30000t 6) HOkilor lOmkialSS000t

Page 5/11 Report / rapport / informen0R141 589-Bi Date: 11/02/2015
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TEST REPORT 1 RAPPORT D’ESSAI 1 INFORME DE ENSAYOS

RECIPNEU 1 CRYOFLEX® DC-0725

2 • WEATHERING 1 VIEILLISSEMENT 1 ENVEJECIMIENTO

LAB9D

Hot water agelng then hot air ageing 1 Vlelilissoment a l’eau chaude puls â l’alr chaud! Envejecimiento al agua callente y alre caliente

Test method 1 Norme d’essai / Método de ensayo EN 13744 / EN 13817

Result
Résultat

Resultado

View of the new product
Photographie du produit neuf

Fotographia del producto nuevo

View after ageing
Photographie du procluit après vleillissement

Fotographia dol producto despuês del envejecimiento

NF P90-112

Particle size
Granulométrie / Granulometria

d (mm) EN 933-1 0800 No variation No variation
D (mm) EN 933-1 2,500 No variation No variation

Color Black and grey / noire et
Couleur / Color -) visual grise / negro y gris -

Hardness
(-) internal No variation No variationDurete / Dureza

Page 6/11 Report / rapport / informe «R141 589-Bi Date 11/02/2015



TEST REPORT 1 RAPPORT D’ESSAI 1 INFORME DE ENSAYOS

RECIPNEU 1 CRYOFLEX® DC.0725

PartcIe size dID
Granulométrie / Granulometria

Doc. 20.f.1O

LABOSPO

Sieve)TamislCribas (mm) 0,000 0,200 0,315 0,400 0,500 0,630 0,800 1,000 1,250 1,600 2,000 2,500 3,150 4,000
RefusallRefus/Rechazo(g) 275,2 275,1 274,9 274,7 273,9 271,4 261,0 241,5 204,7 137,5 57,7 12,0 0 0

PassinglPassantlPasante (%) 0 0 0 0 0 1 5 12 26 50 79 96 100 100
RefusallRefus/Rechazo (%) 0 0 0 0 1 4 7 13 24 29 17 4 0 0

Particle size - sieve analysis

—4—— Passing/Passant/Pasarite (%) Refusal/Refus/Rechazo (%)

100 35

0,000 0,500 1,000 1,500 2,000 2,500 3,000 3,500 4,000
Sieve (mm)

Definitions d largest sieve / plus grand tamis <10% D smullest sieve / plus petit tamis ‘90%

Page 7 / 11 Report / rapport / informe n R141 589-Bi Date: 11/02/2015
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TEST REPORT 1 RAPPORT D’ESSAI 1 INFORME DE ENSAYOS

RECIPNEU 1 CRYOFLEX® DC.0725

UVA (340 nm) agelng (4896 kJ) 1 Viellflssement aux UVA 1 Envejecimlente UVA

Test method 1 Nonne dessal / Método de ensayo: EN 14836

Result
RésuNat

Resultado

LABP

View of the new product
Photographie du produit neuf

Fotographia dol producto nuevo

View after ageing
Photographie du produit aprés vieillissement

Fotographia dol producto después dol envejecimiento

FIFA IRB

Coulour / Color (-) visual Black / noire / negro - -
Grey scale
Echellodegris/Escaladegris (-) EN 20105-A02 4-5 3 3

Visual aspect
No aggiomeration No

Aspect visuel / Aspecto visual (-) visual
aggiomeration -

No cracking No cracking -

Hardness
Duretè / Dureza (-) internal No change - -

Page 8/11 Reportl rapport / informe nR141 589-Bi Date: 11/02/2015
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TEST REPORTI RAPPORT D’ESSAI 1 INFORME DE ENSAYOS

RECIPNEU 1 CRYOFLEX® DC-0725 LABOSPOD,

UVB (313 nm) ageing (4896 kJ) 1 VeUIissement aux UVB 1 Envejechniento a las UVB
Test method t Norme dessal / Método de ensayo EN 14836

Result
Résultat NF P90-112

Resultado

Grey scale
Echelle de gris / Escala de gris (-) EN 201 05-A02 5 3

Visual aspect
No aggiomeration No aggiomeration

Aspect visuel 1 Aspecto visual () visual

No cracking -

Hardness
Dureté / Dureza (-) internal No veriation -

Black! noire / negro

View of the new product
Photographie du produit neuf
Fotographia dal producto nuevo

Viéw after ageing
Photographie du produit après vieillissement
Fotographia dol producto después del envejecimiento

Page 9/11 Reportl rapport / informe nR141 589-Bi Date: 11/02/2015
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TEST REPORT 1 RAPPORT D’ESSAI 1 INFORME DE ENSAYOS

RECIPNEU 1 CRYOFLEX® DC-0725 LABLD

3 i TOXICOLOGY AND ENVIRONNEMENT / TOXICOLOGIE ET ENVIRONNEMENT / TOXICOLOGIA Y
MEDIOAMBIENTE

Samples were prepared by Labosport and analysis performed by SGS laboratory / Les échantillons ont été préparés par Labosport, les
analyses réalisées par Ie laboratoire SGS 1 LABOSPORT ha preparado las muestras, los anâlisIs se hicieron en eI laboratorio SGS.

3.1 Leading 1 Lixiviation 1 Lixiviacion

eaa l’o
Plomb / Plomo

Cadmium Cd
Cadmio

Chromium total Cr
Chrome total / Cromo total

Tin Sn
Etain / Estado

Zinc Zn(1) with C02
Zinc avec C02 / Cinc con C02

Zinc Zn(2) without C02
Zinc sans CC, / Cinc sin CC,

3.2 HAP IEOX

Result **

Résultat
Resultado

10

Tf,is resuits have been taken from the report R100486-92 / Ces résultats ont été repils du rapport R100486-D2 / Esos resultados sorr procedentes dat
informe R100486-D2

Parameter Unit
Element Unite Méto deElemento Unidad ansaya

Result **

Résultat NF P90-112
Resultado

mg/I

mg/I

mg/I

mg/I

mg/I

mg/I

NF EN
ISO 17294-1

NF EN
ISO 17294-2

< 0,010 0,040

< 0,002 0,005

< 0010 0,050

< 0,050 0,050

1,54 20

0,13 S0,5

Dissolvedorganic carbone DOC
Carbone Crganique Dissous mg/I NF EN 1484 10,48 40

Chromium hexavalent Cr
Chrome hevavalent 1 Cromo hexavatente mg)I NF T90-043 < 0,005 0,008

Mercury Hg
Mercure/Mercurio mg/I NF EN 17852 < 0,0005 0,0010

NE: For Zinc, one of the two conditions must be riecessary / Pour le Zinc, une des deux conditions doit étre requise / Para ei Cinc, una de las dos
condiciones se debe curnplir.

Extractable C Halides
Organo-halogônés extractibles EOX mglkg DIN 38414-17
Extraibtes Orciénica Halosenuros EOX

Page 10/11 Report/rapport/informe nR141589-B1 Date: 11/02/2015
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TEST REPORT 1 RAPPORT D’ESSAI 1 INFORME DE ENSAYOS

RECIPNEU 1 CRYOFLEX® DC•0725

SYNTHESIS 1 SYNTHESE t SINTESIS

1. Identification / identification / identiticaciôn

Identification
identification
idenlificaciôn

LAB?D

This resuits have been taken from the report R141300-A1 / Ces résultats ont été repris du rapport R141300-A1 1 Esos resultados son procedentes del
informe R141300-A1

2. Weathering 1 Vieillissement I Envejecimiento

P -, r

Hot water ageing then hot air ageing
Vieullissementéleau chaude puis â ‘air chaud NEP 90-112 Pass / conforme / cumple
Envejecimiento al agua caliente y aire caliente

UVA (340 nm) ageing FIFA Pass / conforme / cumple
Vieillissement aux UVA
Envejecimiento a los UVA IRB Pass / contorme / cum ple

UVB (313 nm) ageing
Vietilissement aus UVE NF P 90-112 Pass! conforme / cumple
Envejecimiento a los UVB

3.Toxicology and environnement 1 Toxicologie ot environnement / Toxicologia y medioambianle

9- ‘-J // j-i’/

Toxicology leaching
Analyses toxicologiques par raiviation NE P90-1 12 Pass / conforme / cumple **

Toxicologia por lixiviacic5n

This resulis have been taken from the report R100486-02 / Ces résultats ont été repris du rapport R100486-D2 / Esos resullados san procedentes del
informe R100486-D2

Date : 11/02/2015

-‘r

fi5Z4i.

NF P 90-112 Pass! conforme / cumple

Page 11/11 Report / rapport / informe n R141 589-Bi Date : 11/02/2015
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STUDY ON SHLAPE OF RUBBER INF1LL PART1cJES
TO 8E USED: IN ARTWICIAL TURF SPORT FIELDS

Introduction

This study has been done in RECIPNEU Laboratory by accurate testing of different rubber
granulates existing in the Market. Measurements have been done by a new laser - video Particle
Size Analyzer equipment.

The amount of product to test in each measurement provided to obtain always more than a 95%
statistical confidence level, sometimes up to 99%. The equipment set up on these parameters
adjusts automatically the duration of each measurement test, and therefore the necessary quantity
of each sample to be measured accordingly.

Due to this very high confidence level, all the results are statistically reliable, representing each
product sample.

The samples analyzed cover the Cryoflex® cryogenic rubber infihi Product DC-0814 obtained by
our cryogenic process and as well some other representative samples of other producers that use
the mechanical (ambient) process to obtain mechanical (ambient) rubber infill granulates.

In the next pages, we present size and shape analysis of the following products:

RECIPNEU Product:

- Cryoflex® cryogenic rubberinfiil Product Ref. Code DC -0814

Mechanical (ambient) Rubber Infili Products (riot from RECIPNEU):

- Ref. Fr_1; Ref. Fr_2; Ref. Fr_3; Ref. Sp_1; and Ref. Sp_2

For ethical reasons we do not absolutely mention the name of these producer companies where the
samples of the mechanical (ambienf) rubber infilI products come from.
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Shape Analysis — Real Photos

Cryoflex® cryogenic rubber infihi Product Ref. Code DC - 0814
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Ambient Rubber Infili Ref. Fr_1

Ambient Rubber Infili Ref. Fr_2
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Ambient Rubber Infili Ref. Fr_3
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Ambient Rubber Infili Ref. Sp_1

Ambient Rubber Infili Ref. Sp_2
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Circularity (Statistical Base)

Cryoflex ® cryogenic rubber infl11
Ref. DC —0814

Ambient Rubber Infili Ref. Fr_1 Ambient Rubber InfilI Ref. Fr_2
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Ambient Rubber Infili Ref. Fr_3
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Circularity Definition

Circularity is a measurement of the ratio of the actual perimeter of a particle to the perimeter of a
circle of the same area. A perfect circie has a circularity of 1, while a very spiky’, irregular, or
elongated object has a circularity closer to 0. Intuitively, circularity is a measure of irregularity or
the difference from a perfect circle (sphere).

Conciusions
The rubber infill granulates that show the best compliance in shape factor are, no doubt, the
Cryoflex® cryogenic rubber infili grades.

Mechanical (ambient) rubber infili granulates, obtained by different European suppliers, show very
very irregular shapes.

From these very irregular and different shapes (linear, irregular, concave, polyhedral, etc.), very
far from the spherical/round” regular pattern, mechanical (ambient) rubber infill particles will bring
to the artificial turf sport fields a very low abrasion resistance, and simultaneously a strong
compaction factor of the rubber infill layer, as well a increased friction factor.

Moreover, the very high irregularity of the mechanical (ambient) rubber infili granulates in the
rubber infill layer correspond, by their geometric adjustment, to a very low void space between the
rubber particles, which, in addition to its strong compaction factor, bring the result of a very poor
ram water drainage, sometimes with flooding, with the loss of rubber infill particles due to its
floating behavior (“spongeous type” surface morphology, very high number of pores).
This is clearly a disadvantage, which will reflect negatively the durability of the artificial turf field,
decreasing its playability, increasing its maintenance, and requiring frequent rubber refills.

Oppositely, Cryoflex® cryogenic rubber in f11! from RECIPNEU, show a very regular and “round
to moderately angular type” shape profile, with a reduced compaction factor and friction factor,
having an excellent ram water drainage corresponding to a very high void space content between
the rubber particles in the infill layer, without flooding of the field or losses of rubber particles that
don’t float (any need of rubber refills), resulting in a increased playability with high durability and
lower maintenance of the artificial turf field.

RECIPNEU

Page 8 of 8



Doc. 20.f.14

Sines Industrial Park, P.O.Box 26
RECIPNEU 7521-901 Sines - Portugal

Phone: +351 269 878 170 Fax: +351 269 878 172

www.recipneu.com - info1recipneu.com

Introduction

Regarding compaction and friction, we present below the important study “Behaviour of Cryoflex
rubber infili in compaction and friction”, by TNO and TenCate, showing compaction and friction
behaviour of cryogenic and ambient rubbers with time. Also in this study It is evident the superior
performance of Cryoflex ® cryogenic rubber infilI. We refer this study because its conclusions can
be understood and are related with the physical factors of size and shape described elsewhere in
another study done by RECIPNEU.

Below we reproduce the study of TNO and TenCate.

Behaviour of Cryoflex rubber infili in corn paction and friction

The specific functionality of the Cryoflex rubber introduced by the cryogenical grinding of the
rubber scrap may have some improved properties with respect to the sport technical and durability
parameters. Research has revealed that the shock absorbing and bal! bounce properties are not
affected by the way of grinding. However, the compaction of the rubber particles during use of the
field and the friction between the rubber and a shoe shows some significant dependence on the
different particle shape and size as produced by the grinding method.

Compaction

Since the introduction of the rubber filled artificial turf, a major aspect defining the durability of the
field is the compaction of the rubber infill. A fast compaction may cause the inN! layer to become
hard in a short period of time, causing a change in shock absorption properties. The compaction
behaviour of the Cryoflex is monitored in the Multiturf project by multiple loading of the test field by
the Ten Cate “Destructor” (a sort of Lisport moving over a distance of 12 meter). This device
containing two studded roles is moved across the field for 3000 cycles and the change in
thickness of the infill layer is measured. The results of this measurement are shown in figure 1 and
compared to ambient ground rubber scrap. The figure shows that the compaction of the
cryogenically ground rubber is a slower process than that of the ambient ground rubber.
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Figure 1: Increasing infl11 density of ciyogenically (Cîyoflex,.) and ambient ground rubber versus
number of cycles

Friction
Another important aspect of a field is the amount of fixation of a shoe in the infihi. This fixation is
determined by the apparent friction coefficient between the studs and the rubber infihi. This is
assessed by TNO by measuring the force that is needed for one stud to plough through the rubber
infihi material. Two parameters have been evaluated: the stud height and the toad that is applied to
the infili during the ploughing of the stud through the infili. The resuits are shown in figure 2.

Figure 2.’ Ploughing forces of cryogenically (Cryoflex) and ambient ground rubber
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The two figures show that a higher force is needed for ploughing through ambient ground scrap
than through the cryogenically ground rubber when the same size studs are used. Furthermore, if
a bad is placed on the infili, the pboughing force increases much more for the ambient ground
material than for the Cryoflex. Both these experiments are an indication that the friction of a
studded shoe in the Cryoflex is bower than in ambient ground SBR. This could be more pleasant
for football players.

TNO and Ten Cate study, April 2008

Page 3 of 3
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RECIPNEU

CR YOGENIC SBR TECHNICAL INFORMA TION

Cryoflex® 0,6 - 1,4 MM

SBR cryogenic rubber infili
nominal particle size 0.6 / 1.4 mm

- Main application: SYNTHETIC TURF

- Real photos of particles (laser image:

< 0,5 flTfl 0,5-0,6 0,6-1,0 10-1,4 > 1,4 fl111

0,2% 6,5% 66,4% 26,3% 0,6%

- Sliapes and morpholociy of rubber i,articles:

Round, moderately angular (ISA Sport), smooth
poHshed faces (practically without pores);

- Statistical Index « Circularitv »:

(*) In non-cryogenic rubber infill the regularity
factor is very reduced (less than 16%)

- Density (in bulk or application Iayer): 490 kg/m3;

- Packaging: Big-bag over wooden palette;

- Leacliing: In compliance with the standards DIN - V 18035 — 7
(Fresenius Institute) and NF P90-112 (Labosport);

- Rubber smell: Negligible/ inexistent;

- Release of fine inhalable particles PM2.5 and PM1O: Negligible
(when compared with non-cryogenic rubber infili).

- Chemical composition: SBR and Natural Rubber compounds, the
same used in tyre rubber compounds;

- Production Process: Cryogenic grinding technology, without
causing friction and rubber heating therefore not imparting any
chemical or thermal degradation in the original tyre materials, so
they stili keep the same innocuous condition for usage.

- Abrasion: Very high abrasion resistance (the round shape of the
granulates, and its smooth morphology, confers to the rubber a
very high resistance to fracture, regardless the force direction);

- Compaction: Very resistant to compaction (powder absence, and
abrasion resistance);

- Drainage: CryofIex rubber infili layer is very permeable to water
(high % of void spaces due to round shapes and absence of
powder and compaction) so, the synthetic field never remains
flooded, even in the case of very heavy ram.

- Durability and performance: Very much extended.

RECIPNEU - Empresa Nacional de Reciclagem de Pneus, Lda.
Sines Industrial Park, P.O. Box 26 - 7521-901 SINES - Portugal

Tel: + 351 269 87 81 70 - Fax: + 351 269 87 81 72 — geral@recipneu.com

t., S Ô
4I

Typical Sieve Analysis
Cryoflex 0,6 - 1,4 mm

70%

50%

30%

10%

-10%

Regularity shape factor (laser software)

100

90

80
70

. 60 55,48

50
40
30

20

10

0
—‘

Irregular Regular

Good statistical shape regularity *
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RECIPNEU

FICHE TECHNIQUE SBR CRYOGÉNIQUE

Cryoflex® DC-0814 (1 - 2,4 mm)

Granulat de caoutchouc SBR produit par la Technologie Cryogénique,
de granulométrie nominale 1 / 2,4 mm (« Cryoflex®DC-0814 »)

100

E

60 55,18

50 44,82

40 -

Irrégulier Régulier

Excellente régularité des tormes*

(*) Dans les granulats de caoutchouc non
cryogéniques la Régularité est très faible
(presque toujours inférieure a 16 %).

>2,4

2,9%

Densité (en vrac ou couche d’application): 460 Kg/m3;

Conditionnement: Big-Bag sur palet;

- Lixiviations : Conformité total avec les deux Normes
NF P 90-112 (Labosport) et DIN-V 18035-7 (Fresenius Inst.);

- Odeur du caoutchouc négligeable/inexistante;

- Pas de libération de oarticules inhalables (PM2.5 et PM1O);

- Composition Chimigue: polymères de caoutchouc SBR et
Naturel dans les formulations de composition des pneus;

- Procédé de fabrication: Technologie Cryogénique de broyage
des pneus, sans friction et réchauffement du caoutchouc, donc
sans provoquer dégradations moléculaires chimiques ou
thermiques sur le matériel original des pneus, et qui procure
par conséquent au produit une bonne innocuité a l’utilisation;

- Abrasion: Très résistant â l’abrasion (la forme des granulats
essentiellement rondes, et pas du tout filiformes, confèrent au
caoutchouc une très haute résistance â la rupture, et ce
quelque soit la direction des forces exercées);

- Compaction : Très résistante â la compaction (absence de
poudrettes, et résistance é l’abrasion);

- Drainage : La couche de granulats de caoutchouc Cryoflex®
est très perméable â l’eau (haute % d’espaces vides â cause
de formes rondes, de l’absence de poudrette, et de
phénomènes de compaction), donc le terrain de Jeux ne reste
jamais inondé, même en cas de très fortes pluies;

- Durabilité et Performance en terrains de jeux : Très élevées.

RECIPNEU Empresa Nacional de Reciclagem de Pneus, Lda.
P.O. Box 26 - 7521-901 SINES - PORTUGAL - Tel: +351 269 878 170 - Fax: +351 269 878 172

www.recipneu.com - cjeral@recipneu.com

- Appilcation principale : Gazon Synthétique

- Photos réels du Produit (image Iaser:
80%

60%

40%

20%

0%

Courbe Granulontrique typique
Cryoflex 1 - 2,4 mm

<1 mm 1 10-1,4 1,4-2,0 2,0-2,4

1,3% 20,7% 59,2% 16,0%

- Formats des particules de caoutchouc:

Rondes, modérément angulaires (ISA Sport)

- Index Statistigue de « Circularité »

fvsure de la régularité des tormes
des particules (softvare Iaser)
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RECIPNEU

Cryoflex® cryogenic rubber infl11
Recycled tyre rubber granulates produced and supplied

for infilling synthetic turf sport fields

Rubber infili sales
Year

(metric tons)

2001 2.170

2002 3.243

2003 4.815

2004 5.324

2005 7.640

2006 6.616

2007 7.379

2008 4.471

2009 8.737

2010 7.450

2011 5.168

2012 2.151

2013 2.528

2014 4.830

2015 4.850

2016 6.161

2017 6.300 (est.)

Total 89.833
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Weigeringsgrond 1O.2.e

EXAMINATION ON E.L.T. GRANULATES

“End of Life Tire” Granulates are largely composed by SBR
granules with minor amounts of other rubber types.

The Average content of Aromatic olis used as plasticizers is
progressively lower from year to year since those oils have been
replaced several years ago, and consequently the observed
content of traces of PAH is also lower from year to year.

E.L.T. granulates have been used with success on Playground
aggregated rubber tiles and as infilI material in artificial footbali
grounds, for more than 20 years without any reported damage
on the health of the users.

The examination to be conducted should focus on the Exposure
and not on the PHA content in the rubber, since SBR as well as
other rubbers are crosslinked polymers with rather low free
volume and therefor the PHA molecules are trapped in the
macromolecular structure and the presence on the surface is
very often non detectable.

EN STITU TO
SUPERIOR
TÈCNECO
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PHA molecules are Hydrophobic, and the leaching by the ram
water is not observed, and the transfer to the Skin by contact is
also not observed despite the several attempts made in the past
to quantify, as reported in the attached publications.

Exposure and not Content seems therefor to be the right way to
be adopted as criteria for the evaluation since as in several other
cases the content is irrelevant and meaningless.

Several other examples where the Content is irrelevant can be
found in everyday life, as in the following ones:

Example 1

Forks and knives we use every day to eat at the table have
around 18% Chromium, and this means 180 000 p.p.m. of this
well-known heavy metal.

Example 2

Elastomeric Aliphatic polyurethanes, with a behavior very similar
to rubber, are often used to produce artificial veins for transpiant
surgery despite the fact that isocyanates are used as raw
materials. Very often the lsocyanate is used in stoichiometric
excess, and since the reaction is second order traces of
isocyanate remain for extended periods of time inside the
elastomeric structure, but not leach to the internal body fluids.

Example3

Leather manufacture uses Chromium as well as Phenolïc
compounds as tanning agents, and rather high content of those
toxic compounds remain in the final leather. In the everyday life,
the leather loses, very slowly the aliphatic oils, similarly with
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what happens in the rubber, but, similarly with what happens

wîth the rubber, the toxic compounds are entrapped in the
macromolecular structure in contents of several hundred p.p.m.

and do not leach to the skin by contact.

Exposure is therefore the adequate criteria to access the

potential health risk instead of the content of dangerous

substances inside the material under observation.

Lisbon, IST on 20 December 2016
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13/10/2017

EUROPEAN
TYRE & RUBBER ETRMA reply to

manufacturers’
association

Cali for evidence on PAHs in plastic and rubber granulates used as infili material in synthetic turf pitches

1: Please provide information on the concentrations of PAHs in plastic or rubber granulates used as infili material
insynthetiç turf pitçhes.you.areproducing or importing. In case you have taken samples from pitches, please
provicle the measurement data. Do you have information on how the rubber granulates changes during use (e.g.
changes in the compositiori after 10-15 years)? (1f you have already submitted such information during the
preparation of the preliminary report by ECHA, there is no need to resubmit this information.)

In partnership with FoBig — a expert risk characterization consultant — ETRMA and CRIP (Crumb Rubber Industry
Platform) launched the project on the “Assessment of exposure and potential risks to human health associated
with the use of ELTrecycledrubbercrumb in synthetic turffields (STF)”(called hereunder FoBig study) earlier this
year. More than 50 samples of recycled crumb rubberfrom end-of-life tyres (hereafter called ELT — derived rubber)
will be collected, including samples of crumb rubber from recycling plants and directly from fields with STF from
outdoor and indoor facilities.

The study will characterize the content of the eight PAHs referred to in entry 50 of the REACH legislation and other
substances that are suspected to be present in STF from literature review. As no established and accepted method
of measurement of the content of PAH is available, the DIN 150 12884 standard with elution with
Cyclohexane/Toluene will be applied for the determination of the content of PAH in ELT — derived rubber. The first
results on PAH content from the Fobig study are expected by February 2018.

Comparable results on the content of PAH in crumb rubber require an established and accepted method of
measurenient. We encourage authorities to consider data on PAH content on rubber crumb that use well known
and recognized measurement methods. Further, in view of setting restriction criteria on the content of PAH in
infill of STF, authorities should introduce an internationally harmonized standard for measuring PAHs.

Currently, and until the Fobig study is ready, ETRMA estimates that the content of PAH in ELT-derived rubber may
be in a range of up to 20 ppm, slightly varying between the origin of tyres, as seen is the table hereunder.

Table 1 — PAH5* in ELT-derived rubber granulates

ppm Mean Min Max
sum of 8 Total 12 4 20
restricted T&B 11 4 18

PAHs* Mix 12 4 20
OLD 12 4 20
NEW 11 4 19

Unsorted 8 6 10

*pAH (aj Benzo[o]pyrene (BoP) CAS No 50-32-8 (b) Benzo[eJpyrene (BeP) CAS No 192-97-2 (c) Benzo[a]anthrocene (BaA) CAS No 56-55-3 (d)
Chrysen (CHR) CAS No 218-01-9 (e) Benzofb]fluoronthene (BbFA) CAS No 205-99-2 ([) Benzo[jjfluoronthene (BjFA) CAS No 205-82-3, (g)
Benzo[k]fluoranthene (BkFA) CAS No 207-08-9 (h) Dibenzo[a,h]onthrocene (DBAhA) CAS No 53-70-3
Source: Andreo Re Depoolini, Gioncorlo Bionch Doniele Forna Angelo Cordelli, Morco Badalassi, Comillo Cordelli, Enrico Dovoli, Physical ond
chemicol chorocterization of representotive samples of recycled rubber from end-of-life tires, In Chemosphere, Volume 184, 2017, Pages 1320-
1326, ISSN 0045-6535, https://doLorg/10. 1016/1. chemosphere. 2017.06.093.
(http://www.sciencedirect.com/science/orticle/pii/SOO45653517309967)

ETRNIAAIsbI Tel +3222184940
2/l2AvenuedesArts Fax +3222186162

1210 Brussels Belgium www.etrma.org

EC Register ID 6025320863-10
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Legend: T&B= 100% truck and bus tyres, Mix:from 8:92 to 70:30 mixes of T&B/PCT, PCT: Passen ger Cor tyres
01d= Production ante 2010, New= Production post 2010, Total: 25 samples, Unsorted= crumb rubber from S recyclingfacilities

Regarding the effects of aging in crumb rubber used in STF, at this stage, there are no reasons to link effects of
aging with the content of PAH. During the use of crumb rubber in STF, VOCs might be potentially generated, for
instance phenol, formaldehyde, ethanol or methanol - (more information is available on the comments already
submitted to ECHA in the context of preparing the report on “An evaluation of health risk of recycled rubber
granulates used as infili in synthetiC turf sport fields.”, Version 1.01 of February 2017- and attached to this CoE for
your convenience)

The Fobig study will perform on several samples weathering experiments that aim to identify the potential effects
of time and weather on the composition and on the generated substances. The results are expected not earlier
than December 2018.

2:What are the possible health or environmental aspects and technical/quality aspects and other differences of
using alternotive substances/rnixtures as infihl material? We are particularly interested in a cornparison of the
properties of PAH-containing and PAH-free granulates with regard to health and environmental hazards or risks,
service durability, maintenance and replacement requirernents, playobility in different weather conditions, etc.
Please specify all viable olternatives in your reply

ETRMA members are producers of tyres that, after their service life, are used to produce crumb rubber infill. The
content of PAH in the oils used in the production of tyres is strictly regulated under entry 50 paragraph 1 of the
REACH regulation. This measure guarantees safe conditions for the expected use of tyres for the human health
and the environment.

End of life tyres (ELT) are the main source of raw material for recycled crumb rubber. It has proven to be a reliable
material able to reply to the demanding technical requiremefits of infili of STF. Using ELT for infill of STF closes the
recycling loop of tyres and helps Europe to meet its circular economy targets.

However some other materials that are suspected to be the source of impurities and high PAH content might be
added in crumb rubber beyond ELT. Often this is neglected by researchers and has a tremendous impact on the
final crumb rubber composition. Those non-suitable sources are for instance - rubber from other applications than
tyres or post-consumer rubber scrap containing rubber from other applications than tyres.

ELT-derived crumb rubber—without non-suitable sources - has levels of PAH in the range of 20 ppm that do not
pose a risk for the human health for all users of STF (players, workers, installers to name some). ECHA’s report An
evaluotion of health risk of recycled rubber granulotes used os mliii in synthetic turf sport fields. Version 1.01 of
February 2017- concludes in page 57’ that bosed on the available information, with the concentrations of
polycyclic arornatic hydrocarbons (PAHs)found to be typicahly present in rubber crumb recycled from ELTs used as
infihi in synthetic sports fields), the concern for excess lifetime concer risk for pboyers and workers is very low.’

We support a restriction to control the risk of high PAH in rubber infill that targets “rubber granulates used as
infili material in synthetic turf sport” and sets thresholds that guarantee safe use conditions. The scope should
cover not only ELT- derived rubber but any other recycled material used as infill material and virgin ones.
Additionally a restriction will need further regulatory measures to successfully control risk, such as:

- Establishing of dear end of waste criteria at EU level

ELT Rubber granulates are currently considered as waste by a rnajority of Member States. lf a restriction is
introduced, its efficiency will be put into question as waste is outside of the scope of REACH. We strongly

ETRMA AisbI Tel +3222184940 *2/l2AvenuedesArts Fax +322218 61 62
,‘ *

1210 Brus’els Belgium www.etrma.org 25 000 *

LIVESTOSAVE **
EC Register: ED 6025320863-10 European Road Safety Charter
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recommend that clearly defined end of waste criteria are introduced at EU level to ensure consistent
interpretation of the scope of the restriction and guarantee legal certainty. The end of waste criteria should
include chemical criteria reflecting the current regulatory requirements on the presence of chemicals and their
concentration limits. ETRMA is willing to work with the institutions and contribute to the preparation of the end of
waste criteria

Strong market surveillance across the EU

ECHA report acknowledges that some imported tyres entering the EU or other rubber material with unknown
composition can be converted at the end of their life cycle into rubber granulates and may have different
concentrations of substances than those produced from EU ELT. lndeed rubber granulates themselves may be
imported, and the composition of such granulates is not known.

We would like to take the opportunity to remind that the efficient implementation of the restriction depends
essentially on a dear definition of the scope and consistent interpretation, but also on strong market surveillance,
which is critical for guaranteeing protection to consumers and level playing field for industry.

Introducing of international harmonized criteria for measuring of PAHs — as prevlously mentioned

Currently, there are no robust and internationally recognised sampling protocols and test methods that could
allow article manufacturers to test their product and national authorities to ensure the necessary enforcement.
We urge the EU institutions to treat the development of test methods as a high priority, as the efficiency of the
measure and its coherent enforcement is at stake.

ETRMA is committed to work on the development of a test method to measure the level of PAHs contained in
vulcanised rubber materials. We strongly support the ongoing work of JRC which aims at developing a method to
measure the migration of PAHs from rubber products

3:As a manufacturer or an importer, please pro vide information on how many tonnes (metric tonnes) of plastic and
rubber infili material (describe which infihi material) you are producing or importing every year.

Globally, the infill demand for artificial turf is about 1,3 million tons, from which more than 90 % is estimated to be
covered by SBR- which commonly refers to ELT-derived rubber.

A detailed overview of the main uses of ELT-derived rubber and the estimated percentage share by use of the
overall market is available hereunder:

- Synthetic turf (30% of the overall market): ELT-derived rubber granulates are a valuable infill material that is
used to provide proper resiliency and shock absorbance to the artificial turf playing fields.

- Sport Surfaces/athletic tracks and shock absorbing pavements (24% of the overall market): ELT-derived rubber
can be used in many outdoor sport areas (primarily for athletics, multi-use sports,) to dissipate the vibrations
and impacts that otherwise would affect the muscle-skeleton apparatus of the athletes. ELT-derived rubber is
also used in indoor surfaces (for ex. volley, basket), generally with a PU top coating but this represents a small
volume compared to outdoor surfaces.

- Moulded rubbergoods(24% of the overall market): ELT rubbergranulates and powders can be mixed with
polyurethane binders to produce “re-moulded” rubber articles such as wheels for trolleys (e.g. caddies,
dustbins wheelbarrows, etc), urban furniture, safety corners, rail filler black systems, etc.

- Other applications (22% of the overall market): Asphalt rubber, Equestrian floor,

ETRMA Aisbl Tel +3222184940 *2/12 Avenue des Arts Fax +32221861 62
*

210 Bru%sels Belgium www.etrrna.org 25 000 *

LtVESTOSAVE **
EC Register ID 6025320863-10 European Road Satety Charter
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(more information is available on the comments already submitted to ECHA in the context of preparing the report
An evaluation of health risk of recycled rubber granulates used as infill in synthetic turf sport fields. Version 1.01 of
February 2017- and attached to this CoE for your convenience)

4: What are per unit prices and production costs of different infilI materials? Con you provide an estimate of the
substitution casts per pitch (including costs for labour, material, disposal of old material, transportation, etc.) when
changing from an existing PAH-containing material to a different infihl material? Are there any differences with
respect to howfrequent the whole infihi material needs to be changed or replenished, i.e. are there different
maintenance costs involved with the use of different infihi materials?

N/A

5:What are the impacts (positive and negative) on your industry/organisation (manufacturer, distributor, importer,
sports club/community owning the field) 1f a restriction on PAHs in granulates is imposed to lower the limit value to
close to those 5et in the restriction en try 50 on PAHs in articles supplied to the general public? (see: substances
restricted under reach)
Entry5’P5

We consider current PAH concentrations of ELT-derived rubber - in the range of up to 20 ppm - as the lowest
feasible concentration for ELT-derived rubber. A lower content of PAH — as the one for rubber goods stated in the
restriction entry 50 P 5and 6 - will not be achievable using exclusively ELT as raw material and will compromise
the current ELT recycling chain.

A lower threshold for ELT-derived rubber used as infill material in synthetic turf fields will de-facto exclude ELT
derived rubber from the infill market, currently the first source of raw material for infill, and unavoidably t will
distort the current infill market for STF. It will also affect ELT-derived rubber producers, as infill for STF represents
30% of the overall market of ELT-derived rubber, and alike applications, such as sport or shock adsorbing
pavements that might also be indirectly affected by the restriction, representing 24% of the share, altogether
adding up to 54% of the overall ELT — derived rubber market.
(More information on ELT-derived rubber uses is available on the comments already submitted to ECHA in the
context of preparing the report “An evaluation of health risk of recycled rubber granulates used as infill in
synthetic turf sport fields.”, Version 1.01 of February 2017- and attached to this CoE for your convenience).

ETRMA is conducting a Socio-Economic Impact Assessment to address the consequences of restriction scenarios,
and to identify and quantify the consequences for ELT-derived rubber markets and society. The results are
expected to be available by end of November 2017.

6:Please pro vide any information you may have on other substances (e.g metals such as cobalt and zinc,
phthalates, benzothiazole and methyl isobutyl ketone) contained in plastic of rubber infill or in synthetic turf pitches
(including substances used during the maintenance)) or other relevant information concerning possible risks to
human health or the environment.

As previously discussed, in partnership with Fobig- a expert risk characterization consultant — ETRMA and CRIP
(Crumb Rubber Industry Platform) aunched the project Assessment of exposure and potential risks to human
health associated with the use of ELT recycled rubber crumb in synthetic turffields (STF) (informally called Fobig
study) earlier this year. More than 50 samples of ELT — derived rubber will be collected, including samples of

ETRMAAisbI Tel +3222184940 *2/12 Avenue des Arts Fax +32221861 62
. *

l210 Brussels Belgium www.etrrna.org 25 000 *

LIVESTOSAVE **

EC Register: ED 6025320863-10 European Road Satety Charter
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crumb rubber from recycling plants and directly from fields with ELT derived rubber as infill material, from outdoor
and indoor facilities.

The study will look at the content of other substances suspected to be present in STF beyond PAH, namely metals
(such as cobalt or zinc) or benzothiazoles.

We expect that the results will confirm current ETRMA knowledge on the presence and content of other
substances in ELT-derived rubber, resumed hereunder. However, we would recommend to focus the restriction
on PAHs, as for the time being, there is insufficient knowledge about the presence of other substances in crumb
rubber and their concentration level.

Possible presence of hazardoussubstance Harmonised ClassificationCAS estimation in ppmestimated vatues in ELT-derived rubber granulates under CLP regulation
min max

acute tox 4, skin irrit 2; eye irrit
DPG Diphenyl guanidine 102-06-7 2 ; repro 2 ; STOT SE 3; aquatic 0 150

chronic 2
6PPD N-1,3 dimethylbutyl N’ phenyl-p-phenylendiamine 793-24-8 0 1000

acute tox 3 H301 H31 1 H331
Eye Dam 1 ; skin sens 1; mutsAniline 62-53-3 0 100
2 ; GarC 2 ; STOT RE 1 ; aquatic
acute 1
Skin sens 1 ; aquatic acute 1MBT mercapto benzothiazole 149-30-4 0 200aquatic chronic 1

PTOP para ter octyl phenol 140-66-9 Skin irtit 2; Eye dam 1 ; 0 200
aquatic acute 1 ; aquatic chronic

PTBP para ter butyl phenol 98-54-4 Skin irrit 2 ; Eye dam 1 ; repr 2 0 100

(more information is available on the comments already submitted to ECHA in the context of preparing the report
An evaluation of health risk of recycled rubbergranulates used as infihi in synthetic turf sport fields. Version 101 of

February 2017- and attached to this CoE for your convenience).

ETRMA Aisbl Tel +3222184940 *2/l2Avenue des Arts Fax +3222186162 *
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Introduction

Although ELT-derived rubber is the elastomeric material that is most commonly used
woridwide as infihi in sport fields, many other materials can be used as well. (see Table 1 and
Figure 1 — InfilI Value Chain description).

iu/’f 11,1(111 1c’,,ia,jdpir dr(iflc,ul turf glnliallv in 2009 & 20/5 (000 t.ninc, teur)

Doc. 20.9.2

SBR1 EPDM2 TPE3 Coated Other Total

send/SBR4

Contact sport5 550.5 3.5 17.3 2.0 3.5 573.3

Non-contact sport6 6.1 0.1 0.3 0.0 0.0 6.5

LeisureIDlY7 14.0 0.0 1.1 0.3 0.2 15.4

Landscapingt 4.1 0.0 0.0 0.0 0.0 4.2

Total 574.7 3.5 18.7 3.7 3.7 599.3

INFIII DEMAND FOR ARTJFICIAL TURF GLOBALLY IN 2015

Average Coated
Penetration SBR EPDM TPF Other Total

Weight sand/SBR

Units: ¾ Kg/m2 000 lonnes

Contact sport 99.0 14.5 1.265.0 4.7 12.9 34 t.1 1,286.0

Noncontact spoit 4.0 2.0 2.0 0.0 0.0 0.0 0.0 2.0

Leisure/Dfl 2.0 5.0 3.6 0.0 0.0 0.1 0.2 3.7

1.andscapiisg 1.0 5.0 0.8 0.0 0.0 0.0 0.0 0.8

Total 1,271.4 4.7 13.0 3.5 9.3 1,292.5

Source: AMI consulting — 2010 & 2016 Annual report on Arijficial turfmaiket

Besides the different types of infill materials (from virgin or recycled origin), several
synthetic and/or natural materials are commonly used in artificial turf pitches and the presence
of hazardous substances could derive from many sources that are not tyre rubber related.

‘SBR: tyre recycled rubber is often referred to as SBR in the artificial turf market.
2 EPDM: recycled polymers from induutrial scraps or post consumper waste belong to this category.

Thermoplastic Elastomers-TPE: often made of mixtures of virgin and recycled polymers.
Coated SBR: crumb rubber coated with Polyurethane based coatings
Contact sport; artificial infili.
Non-contact sport: presumably ela5tic ayers that are placed under the artificial grass carpets.
Leisure: Artificial turf for playgrounds and similar applications.

6 Landscaping: Artificial turf is often used in public areas in substitution to natural grass (more often in the USA
than In EU) bul It is not infilled with elastomers (only sand) because unnecessary.
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Moreover. the possible use of infili materials other than “ELT-derived rubber granulate is
often neglected by some researchers and the presence of unlikely amounts of pollutants (PAH
and other) has been associated to tyre derived rubber although the origin of the analyzed
samples was unknown.

Therefore, we recommend that the ECHA assessment of the risks potentially posed to human
health should cover all types of”infihl” for synthetic turf pitches and not only ELT rubber
infihi, even ifELT rubber infihi is by far the most used solution.
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N.B. ELTs are the major source for the production of tyre-derived granulates and powder. —

Apart from ELTs, scrap from tyre production (eg. tyres that after production are tested and
fail to meet tyre product standards) and buffings from tyre retreading (mostly truck tyres) may
also be used for the production of tyre-derived granulates and powder, but to a minor extent.

The following sources are not suitable for processing into ELT granulates and powder:
- Production scrap containing uncured rubber
- Production scrap containing rubber from other applications than tyres (for example, General
Rubber Goods (GRG)).
- Post-consumer rubber scrap containing rubber from other apphications than tyres (for
example, General Rubber Good (GRG) products).

EGMOPEAN
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Q1 - What are the uses of recycled rubber granulates in the EU?

ELT derived rubber granulates and powders find new applications in many fields other
than tyre manufacturing:

• Synthetic turf: ELT-derived rubber granulate is a valuable infihl material that is used
to provide proper resiliency and shock absorbance to the artificial turf playing fields.

• Sport Surfaces/athietic tracks: ELT-derived rubber can be used in many outdoor
sport areas (primarily for athletics, multi-use sports,) to dissipate the vibrations and
impacts that otherwise would affect the muscle-skeleton apparatus of the athletes.
ELT-derived rubber is also used in indoor surfaces (for ex. volley, basket), generally
with a PU top coating but this represents a small volume compared to outdoor
surfaces.

• Shock absorbing pavements: ELT-derived rubber is typically used to produce shock
absorbing floorings (insitu or mats) that are durable in outdoor conditions, weather
resistant, permeable to water, etc.

• Moulded rubber goods: ELT rubber granulates and powders can be mixed with
polyurethane binders to produce “re-moulded” rubber articles such as wheels for
trolleys (e.g. caddies, dustbins wheelbarrows, etc), urban furniture, safety corners, rail
filler block systems, etc.

• Other applications: Asphalt rubber, Equestrian floor,

4



Synthetic turf

Doc. 20.9.2

Municipality footbali turf installation with artificial turf and rubber infihi

See Ahiapur video — “Synthetic ftrf’: https:!/pIaver. irneo.corn!video/1 14329341
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Synthetic turf is composed of a mat of synthetic grass into which bas generally been added a
ballast bed of sand covered with a layer of loose granulates. The synthetic turf filaments of the
turf form the grass blades and care for the “natural” look and feel. The rubber infill (mainly
from EET tyres) cares for softness, player protection, defined traction and rotational forces to
mimic the natural turf feeling during usage.

Doc. 20.9.2

(apEN

TVE
EST. European Synthetic Turf Organisation

t.t. fl .l€ . —

TurfsystemwithelasticlayerfromELT J

Generally the systems are divided into two groups of systeni design. The first synthetic turf
system with longer synthetic turf filaments (up to 60 mm) and a combined sand and rubber
(ELT rubber) infill. These are stili the most commonly installed artificial turf systems in
Europe. The other group comes with an elastic Iayer from ELT rubber and Polyurethane resin
(as in situ or mat) or other elastic sub-base systems and a turf with a shorter filament length.
Also these systems are filled with sand and rubber from ELT or virgin origin.

The “New generation” synthetic turf surfaces now make it possible to get closer to the
sensation of playing on real grass. The technique, with synthetic turf pile heights ranging from
35 to 65 mm (many systems being based on 6Omm carpets) and a mixed ballast Iayer
composed of sand and tyre granulate, bas been approved by football’s and rugby’s highest
authorities: FIFA,UEFA and World Rugby. World Cup qualification matches can now be
played on these surfaces, on the condition that they satisfy very strict technical homologation
criteria.9

http://ouaïtv.fifa.com/gIobaIassets/fa-handbook-of-test.methods-2O15pctf

.ITurff’

1
ELTpr;

$jIjçand

jtiçjaverfromELTI
hsC!flj

htta://suatty.fifa.com/giobaIassets/fia-handbook-of-reguirements-2O15pdf
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It is possible to play on this type of pitch in practically all climatic conditions. Its use is
almost unlimited, versus a limitation of l6h per week for natural turf. Synthetic turf requires
no fertiliser. no mowing. no marking, no watering. and needs less maintenance than natural
turf.

Certain municipalities install synthetic turf in order to reduce their water consumption and
maintenance efforts. Others, on the contrary, use it to combat excessive rainfall, which makes
natural turf unusable.

Synthetic turf has numerous advantages over natural turf: nothing is tom out during tackies in
footbail or the surum in rugby, rapid evacuation of water after bad weather, absence of frost
on the pitch, and permanent balI bounce quality regardless of the climatic conditions.

The latest generation of synthetic turf makes it possible to reduce sport-based trauma. Both
rugby and football players appreciate being able to train all through the winter on a pitch that
has no mud, no bumps and no frost.

AthleLc tricks, multi-sports facilities

All sports surfaces are characterised by the ability to guarantee an interface between the
athletes and the support. Doing sports produces a series of shocks that have an effect on the
body and can provoke injuries, fatigue or lesions. The aim of a modem sports surface is to
delay, if not eliminate, all risk of trauma in the short. medium or long term for the athlete and
user.

The sports surface industry, in correlation with current knowledge in the field of
biomechanics. has introduced changes into the technicat solutions it has proposed in the last
forty years or so. In the last decade, sports federations (both national and international
authorities) have initiated and lead these changes and have included in their regulations the
resuits of the research published, mostly in the form of ISO & EN standards.

EPDM (Ethylene Propylene Diene Monomer) was very quickly and widely used in the form
of granulate in the composition of sports surfaces in the l970s until today, particularly as this
type of track is coloured in the mass and the red colour (despite the fact that tracks are now
made in blue or bicoloured) has become a somt of”reference” in the field. The association of
two components (polyurethane resin and EPDM granulate) is commonly used as the top layer
for the design of athletic tracks for a great number of manufacturers and suppliers.
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[EPDM top Iayer (PU bonded)

Doc. 20.9.2

Cross section of synthetic surface

Cross section of synthetic surface

ELT rubber granulate has been progressively introduced as it arrived on the market. It is used
in the under Iayer and is covered either with EPDM granulate or projections of PU coating
and EPDM powder. From this ELT rubber under layer the required sports performance, user
safety properties and some additional properties like water permeability, evenness and
sustainability are derived for the athietic tracks, the multi-purpose sports facilities and the fali
protection areas in playgrounds and recreational applications.

Athietic track

Elastic Iayer from ELT (PU bonded)

S
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Shock-absorbing surfaces

Rubber granulates can be used for manufacturing rubber tile surfaces, used in applications
such as playgrounds, roofing and gallery tiles and stable tiles.

Shock-absorbing tiles produced from ELT rubbermaterials.

Rubber granulates can also be mixed with pigments and polyurethane binders then “poured in
place” to prepare anti-shock surfaces. for example in playgrounds.
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The annual quantity of European rubber granulates that are destined to playground floorings is
estimated at 200— 260 ktonnes. To improve the aesthetics of the surface, the top layer is made
of pre-coated rubber or EPDM. Coated rubber is obtained by mixing rubber granulates with
polyurethane binders and inorganic pigments. The outcome is granulate that has an inner core
made of black ELT rubber and an outer layer made of polyurethane, mineral fillers and
inorganic pigments.

Moulded rubber goods

The rails used by tramways must be insulated from the base to prevent the propagation of
static current, as well as to reduce noise and vibrations, making trams more acceptable in
modem cities. To achieve this, ELT-derived rubber fihler blocks, made from ELT granulates
and a polyurethane binding agent, are used on both sides of the tramway rail leading to
3dB(A) noise attenuation or ELT-derived rubber sleepers are placed on both sides and below
the rail with vibration attenuation performances up to -5dB(A).

ELT granulate can satisfy the complex specifications at a cost that is equal to, if not lower
than, that of the fossil-based materials it replaces.

1. Rail filer block systems
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The acoustic properties of ELT granulate have made it possible to develop a range of products
from those that filter and absorb vibrations such as acoustic mats, to those that make use of
properties such as acoustic screens, the aim being to optimise noise absorption by means of
the screen.

3. Other Moulded objects

Once mixed with binders or resins, ELT granulates have many applications in moulded
objects, particularly in the field of urban furniture. The objects can thus become speed bumps,
bases for signs, and organisation accessories for cycle tracks, etc.

1f granulate is ground even further, it becomes tyre powder. This powder is combined with a
vulcanising agent, and then homogenized in mixers. The mixture is then poured into
preformed presses and vulcanised in the forrn of long strips. This method is essentially used to
manufacture the wheels on vaste containers, as well as castors for scaffolding, wheelbarrows,
hand trolleys or high pressure cleaners.

The use of ELT tyre in acoustic applications satisfies a dual need: the recycling of end-of-life
tyres and the reduction in noise pollution.

11



Uses as ELT rubber powder/granulare

Equestrian floors are composed of a layer of ELT granulates bound with resin and covered
vith a layer of loose granulates. It combines the qualities of shock absorption, flexibility and
elasticity. providing the horses with good impetus and limiting the impact of falls. Unlike the
sand used in riding schools which gives offa lot of dust, the granulate floor does not require
any watering, making it possible to make considerable savings in horse shoes.

Uses of ELTs in other appiications

Noise barriers
Another application also consists in mixing the ELT rubber granulate with concrete to
produce noise barriers that are typically found along motorways.

Asphaft rubber

Although car and tyre manufacturers have made considerable efforts to limit the noise
pollution of vehicles, an additional decrease in road traffic noise cao also come from new
approaches in the construction of road surfaces.

ELT powder, once incorporated into bitumen or associated with coated products, makes it
possible to improve the acoustic characteristics of the coated product, as well as its resistance
to cracking caused by freezirig and thawing. Similarly. It enhances the adherence of vehicles.

Tyres are used in the form ofpowderto manufacture coated road materials. The powder is
incorporated into the mixture during the manufacture of the coated material. The aim of this
application is to improve the acoustic characteristics of the coated material, as well as its
resistance to cracking during freezing and thawing, and its adherence.

For a more exhaustive approach, Ecopneus. the main Italian ELT management company, has

Doc. 20.9.2
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designed a product catalogue made of ELT rubber powder and granulates and categorised as
follows:

http //vv’.’. ecopnLus it/it/cstalogo prodoiti/eleiico piodottilc ttetoric/tp Prodotto [only in Field Code Changed
Italian]

• Building (subflooring, antiskid. anti-trauma. anti-vibration. railway infrastructure.
acoustic insulation. thermal insulation, road surface building. water-proofprotection.
wall coverings, ...)

• Sport: Anti-trauma sports, playgrounds, athietic track, basketbali, footbail.
multipurpose fields, hockey, gym, handbail, volleyball, sports flooring, swimming
pool, rugby, equestrian sports, tennis.

• Roads & urban furniture: Pedestrian areas, Street fumiture, Modified asphalt,
Pedestrian crossings, Curbs. Delimiters, Stop-rubber stakes bollards, Castors,
pavements, Benches. Bike paths. Anti-shock-protection. Retarders, Roundabouts-beds.
Signs

Q2 - What are the methods used in EU to manufacture the recycled rubber
granules? Do you know iF the methods are the sarne than in USA?

Technology of E LT treatnsent plants
End of Life Tyres (ELT5) may be shredded or ground at a number of grades, depending on the
intended end use either through ambient or cryogenic grinding’°

Ansbient gnntbn,
Rubber granulates and powders are produced from ELTs in a wide range of particle sizes and
quality levels. Ambient grinding (as opposed to cryogenic grinding) is the production process
used by the majoritv of ELT recovery plants operating in Europe. The process is called
“ambient” because all size reduction steps take place at or near ambient temperatures, i.e., no
cooling is applied to make the rubber brittie. It is a multi-step technology and ELTs are passed
through a shredder that cut them to smaller pieces (shreds or chips). The chips are fed into one
or more granulators that grind them into small pieces while removing steel and fibers in the
process. Any remaining steel is removed magnetically and fibers through a combination of
shaking screens and wind siflers. Finer rubber particles can be obtained through further
grinding in secondary granulators and high-speed rotary mills. The below figure shows a
typical ambient recycling process that can produce high quality rubber granulates and
powders.

UNEP Basel Convention —Technical guidelines for the environmentally sound management of used and
waste pneumatic tyres

13
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0

The output of a grinding plant is a series of granulates and powders that are sorted by particle
size, typically smaller than 5 mm.

Cryogenic grnding
In cryogenic grinding, ELTs are first reduced to 50 mm chips by processing in a shredder.
The chips are then frozen to temperature below -80C in a freezing tunnel. The resulting
rubber is brittie and glass-like, and therefore can be shattered into small pieces in the hammer
milI. As with ambient processing, the metals and fibers are then removed from the particles.
Because of the nature of crushing/shattering, the resulting particle size distribution is wider
than with ambient grinding, and small particle sizes are achievable without additional
processing.

The grinding/size reduction methods are globally the same in the US and in the EU. There is a
higher % of cryogenic crumb rubber in US compared to the EU.
The composition of ELT granulates/powder is not altered neither by ELT ambient grinding
nor by cryogenic grind ing.

The same grinding technologies apply to other materials such as EPDM and TPE. TPE has
additional specific processing steps (extrusion & cut).

Q3 - Tonnage of recycled rubber granules used in EU yearly for infill material —

dividecl in synthetic turf used in sports fields, in recreation areas, in home
gardens, others?

FINE POWDER
0,5 mm)

Typica) Ambient grinding process (US & EU)
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The use of recycled rubber on artificial turl fields
According to reports published by AM1 Consulting, the global use of ELT rubber infill in
synthetic turf worldwide increased from 550 to 1265 ktons/year.

Data from the major synthetic turf manufacturers operating in EU and ELT granulators
indicate that ca. 1200-1400 of new football fields (mcl. the replacement of old fields) are
installed every year in Europe.

Doc. 20.9.2

Valorpneu (Portugal), Aliapur (France), Ecopneus (Italy) & Signus (Spain)

Based on consolidated data from 4 ELT Management companiesl 1, here is an overview of the
ELT granulates/powder market outlets at least representative for Portugal. France. Italy and
Spain. Figures show that the share of synthetic turf (mcl. infill) decreased from 43% in 2011
to 30% in 2014, that the use of ELT powder for asphalt rubber is a niche market and
decreased whilst the use of ELT granulates for sport surfaces and children playgrounds is
stable and the moulded objects segment is on the rise.

Market outlets of ELT Granules & Pewder (20111

— Asphalt rubber
— Synthetic turf

e3(edcnd,tt,cn4ttT,o,
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Annual installments of new footb&l fields

More than 15.000 existing fields are currently in use throughout Europe.

Based on industry estimates, the quantity of ELT rubber infill that is used on European sport
fields is about 80.000 to 130.000 tonnes/year.

Q4 - Tonnage used for new synthetic turfand tonnage used to replace the lost
inhll material in the old turf.

The quantity of rubber that is commonly used ina synthetic football field is around 110
tonnes that correspond to 15 kg/m2 of granulates; a minor quantity of rubber per square meter
is used on smaller fields (ca. 10 kglrn2).

On average 0.5 t to lt ofrefill per year has to be supplemented per field; 3-5t per year in case
of winter service. Other types of infill (with the exception of organic infill) have similar refill
rates.

N.B. In terms of”material” used for replacement, synthetic turf installers recommend
maintenance contractors usirig the same kind of infill as initially used but synthetic turf
installers have no control on what maintenance contractors do.

Q5 - Average percentage of rubber granules originated from car tyres, from heavy
vehicles (trucks etc.), from other articles e.g. conveyor belts

Based on ETRMA statistical data for the EU replacement market and estimation of the
corresponding tonnage by ETRMA, the main sources of ELTs for collection and
reuse/recoverv are, in order of importance:

Number of Artificial Footbali fields installed annually

260
240

_________

220

\Ç /‘7 4 — c.
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Tvre cateaorv

% in volume
(number of

units)

% (by
weight)

Passenger car* tyres 91% 70%
Truck & bus tvres (Medium & Heavy truck) 4% 16%-20%
Tyres from motorbikes, scooters 4% 1%
Agricultural ‘res 1%
Aircraft tyres** N/A <0.5%
Civil engineering tyres N/A N/A
Industrial tyres (pneumatic) N/A NIA
Industrial tyres (mass ive tyres and banding) N/A N/A

+ trailers and caravan tyres, tyres from 44, SLIV, Van & light commercial vehicles
** Aircraft tyres are normally retreaded several times. Those streams are generally not
collected by ELT management companies.

Source: ETRMA

Therefore, most of ELTs sent to granulation are made of passenger car & truck & bus tyres.
Depending on the available recycling operation/equipment, some ELT granulators are using
only ELT truck tyres; others are using only passenger car tyres. It is nevertheless quite
common that a mix of mainly car & truck tyres is being used for granulation. A major EU
ELT granulator mentioned for example an average consumption of 80% passenger car tyres
and 20% truck & bus tyres.

Q6 Coinposition ofrubber granulates (substances, average concentrations
(especially CMRs Cat 1A and 1B) depending on the origin of the granules (car
tyres/tyres from heavy vehicles/conveyor belts etc).

Answer under preparation

Q7 - Do you know if the composition of rubber granulates used as intill material
in EU differs from the one used in USA?

Answer under preparation

Q8 - What happens to tyres in general in EU ifthey are not translormed to
granulates (percentage to rubber granulates, other uses, waste etc)?

See Aliapur video “Le recyclage des pneus, comment ça marche” (Tyre recycling, how does it
work) — sub-titled in English — for an introduction to tyre recycling.
https://vimeo.com/84843994

In 2013, about 3.59 million tonnes of used tyres were managed in an environmentally sound
manner in EU. After sorting Out the data of those tyres going for reuse (20d hand tyres) or
retreading, an estimated 2.88 million tonnes of end-of-life tyres (ELTs) were left to be treated.

This material flow went into a variety of recycling applications, public works and civil
engineering or was used as a fuel substitute in cement kilns, boilers and power plants.
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In numbers, this means that 1.32 million tonnes of ELTs went to material recovery and 1.42
million tonnes in energy recovery. Within material recovery, recycling of ELTs as tyre rubber
granulate and powder into various applications is the main recovery route (l.12m tonnes),
followed by the use of ELTs in civil engineering applications and public works (0.l3m
tonnes). as dock fenders. blasting mats (42.000t). in pyrolysis (23.000t) and as a reducing
agent in steel muIs and foundries (7.000t).

The below-mentioned table summarises how the 3.590.000 t of used tyres arising in EU28
(+NO+CH+TR) in 2013 have been managed in an environmental sound manner: 96% have of
all used tyres arising have been reused, retreaded and recovered for recycling or energy, only
4% of the used tyres arisings are not traceable. Part-worn tyres stijl suitable for reuse or
retreading represent about 20% of the Used Tvres arisings; 31% are sent to granulation for
recycling, 4% used in civil engineering & public works applications. 2% are substituting coke
in steel mills & foundries or used as dock fender and blasting mats or sent to pyrolysis, and
nearly 40% is used for energy recovery (mostly in cement kilns).

Doc. 20.9.2
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Glossary

Rubber Granulate: The result of processing rubber to reduce It to achieve finely dispersed
particles. typically between 0.8 mm and 20 mm. Source: CEN TS 14243

Rubber Powder: The result of processing rubber and reducing it to achieve finely dispersed
particles, typically under 0.8 mm. Source: CEN TS 14243

End-of-life tyre (ELT): A waste tyre no more suitable for its original purpose.

Shredding: Any mechanical process by which tyres are fragmented, ripped or tom into
irregular pieces of 20—400 mm in any dimension. Source: CENTS 14243

Ambient grinding: Mechanical size reduction at or above ordinarv room temperature.

Cryogenic grinding: Size reduction at low temperature using liquid nitrogen or commercial
refrigerants to make the rubber brittie. Source: Basel Convention Technical Guidelinesfor the
Environinentallv Sound Management of Used Tvres

Buffing: the removal of previous tread material (as part of the tyre retreading process), and
the shaping, sizing and texturing of the casing surface to receive the new tread. Tyre buffings
are derived from “buffing” the tyre.

20
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Q6 - Coinposition of rubber granulates (substances, average concentrations
(especially CMRs Cat 1A and 1B) depending on the origin of the granules
(car tyres/tyres from heavy vehicles/conveyor beits etc).

All the information here below relate to rubber granulates derived from ELTs

General notions 011 tyre

Tyres are made up of various components, which inciude several parts, types of steel and rubber
compounds. After curing (“vulcanisation”), the initially different rubber layers are part of single
homogeneous compound. The main components in a tyre structure are shown in Figure 1 below:

“Tread” (1) the part of a pneumatic tyre that is designed to come into contact with the ground.
“Tread groove”(2) the space between the adjacent ribs or blocks in the tread pattern.
“Sidewali” (3) the part of a pneumatic tyre between the tread and the area designed to be covered by
the rim flange.
“Ply” (4, 5) a Iayer of “rubber” coated parallel cords. In the radial tyre, it has the purpose of stabilizing
the tyre.
“Cord” (6) the strands forming the fabric of the plies in the pneumatic tyre.
“Casing” (7) that structural part of a pneumatic-tyre other than the tread and outermost “rubber’ of the
sidewails which, when inflated, supports the bad.
“Section width” (8) the linear distance between the outside of the sidewalis of an inflated pneumatic
tyre, when fitted to the specified measuring rim, but excluding elevations due to labelling (marking),
decoration or protective bands or ribs.
“Belt” (9) applies to a radial ply or bias belted tyre and is a layer or layers of material or materials
underneath the tread, laid substantially in the direction of the centre line of the tread to restrict the
casing in a circumferential direction.
“Bead” (10) the part of a pneumatic tyre that is of such shape and structure as to fit the rim and hold
the tyre onto it.
“Chafer” (11) material in the bead area to protect the casing against chafing or abrasion by the wheel
rim.

The above structure generically refers to passenger car tyres. Tyres intended for other vehicles (Truck
and Bus, Motorcycle, Commercial van) may present differences in terms of reinforcing materials used
in the carcass and/or compound composition.

Figure 1: Components of a green tyre (i.e. not vulcanised)
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Tyre typical composition

Table 1 - Mum materials used in tlieformulation and production of tyres

Material Application

Natural Rubber Elastomeric part

Synthetic Rubber Elastomeric part

______

Steel cord and bead wire including the
coating materials and activators, Steel is used to provide rigidity and strength to the tyres.
brass/tin/zinc.

Reinforcing fabrics: polyester, rayon or
Used for structural strength and of the carcasses of car tyres.nylon

Carbon black and amorphous silica provide durability andCarbon black, amorphous silica
resistance against wear and tear.

Zinc oxide is added essentially as vulcanization activator. AfterZinc oxide
vulcanization It is present as bound zinc in tyres.

Suiphur (inciuding compounds) Main actor of vulcanization.

Oils are added to the rubber compound in the factory during the

OiIs manufacturing process or added to purchased rubbers to improve
the processability of the compounds. Additionally, the treadMES (special purified. aromatic oil),
rubber compoundnaphthenic oil, TDAE (special purified . . .achieves improved performance characteristics mainly wet griparomatic oil), paraffinic oils
but also other characteristics like wear and
endurance

Other additives and solvents: age .The other additives are used in the various rubber compounds toresistors, processing aids, accelerators, .

modifv handling manufacturing and end-product properties.vulcanizing agents, softeners and fillers -

Source: Adaptedfroîn “A National Approach to Waste Tyres “, 2001 and ETRMA, 200] and State of
knowledge reportfor tyre materials and tyre wear particles , Che,nRisk mc, July 30, 2008.

Passenger car tyres and truck tyres represent the overwhelming majority of tyres sold on the
EU market. The following table shows their respective average composition (pre
vulcanization).
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Tcible 2 - Main cornponents of new passenger cor and truck tyres (average
corn position)

Car Trucks Reactingduringvulcanization?
Rubber/Elastomers 43% 42% YES

Carbon black & silica 28% 24% YES

Metal 13% 25% NO

Textile 5% - NO

Zinc oxide 2% 2% YES

Suiphur 1% 1% YES

Accelerators/antidegradants 2.5% 2.2%. VES/NO

Stearic acid 1% 0.7% VES

10h15 7% 1.6% NO

Source: ETRIVIA

As reported in the above table, a substantial fraction of rubber chemicals do react during the
vulcanization process, creating a three-dimensional network (“rubber matrix”) in which those
chemicals are bound.

Substances used in tyre manufacturing can generally be categorized in different groups:
- Reactive substances, which are involved in chernical reactions that transform

these substances,
o Substances that react during manufacturing process, by the creation of links

with polymers and lor fillers
peptizers,
bonding agents,

• vulcanization agents and accelerators,
cobalt saits
some types of tackifiers

o Substances that react during the servjce life
• Anti-oxidants, which react with ozone or ambient oxygen during

the service life of the tyre and are present at the end-of-life in
concentrations lower than the initial concentration

- Unreactive substances
o plasticizers

Some of the previous listed chemicals are associated with transformation products as
indicated below:

• Vulcanization agents (example: benzothiazole compounds, cyclohexylamine, di
cyclohexylamine)

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

None of these latter substances are classified CMR Cat.IA or 1B
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Composition of ELT-derived rubber granulates

Table 3 lists relevant hazardous substances which, according to expert judgement, rnight
possibly be present in ELT-derived rubber granulates.

Table 3: substances possibly present, in ELT-derived rubber granulates (expert
judgemen t)

Possible presence of hazardous substances, Harmonised Classification
CAS estimation in ppmestimated values in ELT-derived rubber granulates under CLP regulation

min max

acute tox 4, skin init 2; eye irrit
DPG Diphenyl guanidine 102-06-7 2; repro 2; STOTSE 3; aquatic 0 150

chronic 2
6PPD N-1,3 dimethylbutyl N phenyl-p-phenylendiamine 793-24-8 0 1000

acute tox 3 H301 H31 1 H331

Eye Dam 1 ; skin sens 1; mutaAniline 62-53-3 0 100
2; carc 2; STOT RE 1 ; aquatic

acute 1

Skin sens 1 ; aquatic acute 1MBT mercapto benzothiazole 149-30-4 0 200
aquatic chronic 1

PTOP para ter octyl phenol 140-66-9 Skin irnt 2; Eye dam 1 ; 0 200
aquatic acute 1 ; aquatic chronic

PTBP para ter butyl phenol 98-54-4 Skin init 2; Eye dam 1 repr2 0 100

VOCs that may potentially be emitted from ELT-derived rubber granulates, are listed below,
but no measurement was done to provide any confirmation of it.

Table 4: VOCs potentially ernitted by ELT-derived rubbergranulates

CAS remark
Phenol 108-95-2 impurity

Formaldehyde 50-00-0 impurity
Ethanol 64-17-5

Methanol 67-56-1
MIBK methyl isobutyl ketone 108-10-1

cyclohexylamine,
amines coming from sulfenamides na dicyclohexylamine,

terbutylamine
BT Benzothiazole 95-16-9

on EU manufactured tyres:
. guaranty of the absence ofNitrosamines na

olatile nitrosamines, and no
guaranty in imported tyres

Elcmental composition of ELT-derived rubber granulates

‘ 1O.1.c ELT management company, has conducted extensive work on the
chemical characterization of ELT rubber granulates.

The elemental analysis of ELT rubber granulates, reported in table 5, shows the presence of
chemical elements not attributable to typical tyre recipes. Considering that tyres represent the
interface of the vehicle with the road, it is reasonable to assume that some of these elements
can come from road dust, asphalt, as well as breaking pad dust on the sidewali.
The data reported have been scientifically derived, based on a representative sampling of ELT
shreds, for which the ELT-derived rubber fraction was analysed. This leads also to consider
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ELT rubber granulates as liomogeneous products.

In first approxirnation, those resuits are also applicable to ELT rubber powder.

Table 5: Elemental composition of ELT derived rubberfraction

2015 batches of ELT shreds - Cat A tyres (Passençer Car) 2015 batches of ELT shreds - Cat B tyres (Truck & Bus)
Rubber fraction Rubber fraction

u min max
Carbon 78.9 78.1 79.6 82.6 82.2 83.3 %

Kydrogen 7.2 7.2 7.3 7.6 7.5 7.6 %
Nitrogen 0.4 0.4 0.4 0.4 0.4 0.4
Oxygen 2.8 2.6 2.9 % 2.1 2.0 2.4 %
Sulfur 1.7 1.6 1.8 % 2.0 1.9 2.2

Chiorine 180.5 155.0 212.0 mg/kg 116.3 99.0 151.0 mg/kg
Bromium 309.6 246.0 378.0 mg/kg 754.8 311.0 973.0 mgfkg
Fluorine <20 <20 <20 mgfkg <20 <20 <20 mgfkg
Silicon 2.7 2.4 3.0 % 1.1 0.6 1.8

Zinc 1.5 1.5 1.6 1.9 1.8 2.0
Iron 989.2 496.0 2310.0 mg/kg 1286.3 451.0 2239.0 mg/kg

Aluminium 736.8 626.0 876.0 nig/kg 660.3 603.0 797.0 mgfkg
Calcium 3398.6 2786.0 4144.0 mg/kg 835.3 545.0 1020.0 mg/kg

Potassium 339.4 305.0 371.0 mg/kg 492.8 396.0 656.0 mg/kg
Magnesium 337.8 288.0 394.0 mgfkg 427.3 359.0 507.0 mg/kg

Sodium 476.4 440.0 501.0 mgfkg 290.8 235.0 354.0 mg/kg
Phosphorus 125.0 118.0 136.0 mgfkg 207.8 184.0 233.0 mg/kg

Titanium 56.4 42.0 72.0 rng/kg 42.8 32.0 69.0 rng/kg
Arsenic <3 <3 <3 mgfkg <3 <3 <3 mgfkg
Baryum 7.2 5.0 9.0 mg/kg 9.3 6.0 12.0 mg/kg

Beryllium <3 <3 <3 mgfkg <3 <3 <3 mgfkg
Cadmium <3 <3 <3 mg/kg <3 <3 <3 mgfkg

Cobalt 111.0 99.0 130.0 mg/kg 201.8 169.0 268.0 mg/kg
Chromium 4.3 3.0 7.0 mg/kg 5.5 3.0 12.0 mgfkg

Copper 67.8 47.0 86.0 mg/kg 66.3 39.0 111.0 mg/kg
Mercury <3 <3 <3 mg/kg <3 <3 <3 mgfkg

Molybdenum <3 <3 <3 mg/kg <3 <3 <3 mgfkgManganese 7.4 5.0 14.0 mg/kg 9.5 4.0 19.0 mgJkg
Nickel 3.8 3.0 6.0 mg/kg 4.5 3.0 8.0 mg/kg
Lead 19.0 15.0 21.0 mg/kg 20.5 11.0 25.0 mg/kg

Selenium <3 <3 <3 mg/kg <3 <3 <3 mg/kg
Thallium <3 <3 <3 mg/kg <3 <3 <3 mg/kg

Vanadiurn <3 <3 <3 rng/kg <3 <3 <3 mg/kg

Resuits show that carbon, hydrogen & oxygen represent 90% of the ELT rubber granulates
mass. Adding the mass of zinc, suiphur & silicon provide 96% of the total mass of ELT

—Ii min max

Source: 10.1.c

rubber granulates.
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Table 5bis: Elemental composition of ELT-derived rubberfraction by origin

comments about the presence in ELT rubber granulates
C Present
H Present
N Present
0 Present
S Present
Cl element coming from butyl polymer CIIR or residue from saits
Br element coming from butyl polymer BIIR
F not introduced in tyre
Si Present
Zn Present
Fe Present
Al Impurity in silica or it may come from kaolin used as anti-sticking agent
Ca it may come from soaps used as anti-sticking agent and ubiguitous element
K it may come from soaps used as anti-sticking agent and ubiguitous element

Mg t may come from soaps used as anti-sticking agent and ubiguitous element
Na Present, and ubiguitous element
P it may come from soaps used as anti-sticking agent and ubiguitous element

Ti not introduced in tyre, except as white pigment in white sidewalis
As not infroduced in tyre
Ba not introduced in tyre
Be not introduced in tyre
Cd impurity that may comes from Zn
CD Present: it comes from cobalt salts

Cr not introduced in tyre; few ppm could be present due to compound contact
with stainless steel during tyre and/or crumb production

Cu it comes from brass
Hg not introduced in tyre
Mo not introduced in tyre
Mn not introduced in tyre
Ni impurity in Cc salt, or coming from stainless steel
Pb impurity that may comes from Zn
Se not introduced in tyre
TI not introduced in tyre
V not introduced in tyre

PAHs
Table 6— PAl-Is in ELT-derived rubbergranulates

ppm Mean Min Max
Total 12 4 20
T&B 11 4 18

sum of 8 Mix 12 4 20restricted
OLD 12 4 20PAHs
NEW 11 4 19
Unsorted 8 6 10

Source: Istituto Mario Negri, “Exposure to Recycled Tyre Rubber, Human Health & Safety’ E. Davoli
et al, 2016 (Unpublished) and Characterization ofrubber recycledfrom ELTs and assessment of the
risks associated with dermal and inhalation exposure — Ecopneus 2015 (Unpublished)
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Legend:
T&B= 100% truck and bus tyres
Mix: from 8:92 to 70:30 mixes of T&B/PCT
PCT: Passenger Car tyres
0ld Production ante 2010
New= Production post 2010
Total: 25 samples
Unsorted= crumb rubber from 5 recycling facilities

Since the reference method for the determination of the PAH content in vulcanized rubber is
an indirect test, two methods have been used to determine the PAH concentration in ELT
rubber granulates:

- The Grimmer method (see Grimmer et al. (1997) Chemosphere 34, 22 13-2226), based on an
extraction in toluene followed by a column purification.
- A method developed by Istituto Mario Negri, based on a double extraction in
Hexane/Dichloromethane (1:1).

Q7 - Do you know 1f the composition of rubber granulates used as infihi
material in EU differs from the one used in USA?

The composition of ELT-derived rubber granulates in the US and EU is very similar.
Nevertheless, due to the fact that US does not have restrictions on the use of high aromatic
oils, it is possible that slightly higher levels of PAHs may be present in US ELT-derived
rubber granulates (e.g. due to imports sourced from Asian countries).
However all major tyre producers, despite the absence of local regulations in some countries
(inciuding the US), have eliminated the use of high aromatic oils all-over the world, applying
entry 50 of Annex XVII of REACH regulation on a global level.
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