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1.0 INTRODUCTION

The Tire Industry Project Group (TIPG) working through the World Business Council on
Sustainable Development was formed to address environmental health and ecological impacts
associated with tire materials and tire wear particles. The patrticipating companies include:
Bridgestone Corporation, Continental AG, Cooper Tire & Rubber Company, The Goodyear Tire
& Rubber Company, Hankook Tire Company, Kumho Tire Company, Inc., Group Michelin,
Pirelli Tyre SpA., Sumitomo Rubber Industries, Ltd., Toyo Tire & Rubber Company Ltd., and
Yokohama Rubber Co., Ltd. To meet those objectives, two main steps were envisioned. The
first step consisted of tasks designed to compile information to determine the state of knowledge
regarding potential human and ecological health risks from both the tire materials and the tire
wear particles. The second step will be designed to fill the gaps in the knowledge. This report
presents the results of the first step - compiling information.

Five tasks were conducted as part of the first step including:

e Global search and review of the scientific literature pertaining to information which could
be used in the assessment of environmental health risk of tire materials and tire wear
particles

¢ Identification of international environmental regulatory policies and research plans that
may impact tire materials and tire wear particles

e Summarization of the state of knowledge for tire materials and tire wear particles

e Determination of data gaps/needs for risk assessment purposes

e Prioritization of research to fill data needs

1.1 OVERVIEW OF TIRE MANUFACTURING AND TIRE MATERIALS

Independent of the application, all tires must fulfill a fundamental set of functions like cushioning,
damping, transmitting of driving and braking torque, dimensional stability, abrasion resistance,
low rolling resistance, and durability throughout the life of the tire. To meet these requirements
modern tires consist of five primary components, namely: tread, sidewall, steel belts, body plies,
and the bead. As such, tires are manufactured from many different materials including natural
and synthetic rubber, textiles and steel. The construction of one typical passenger car tire is
shown in Figure 1.
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Figure 1. One Typical Construction of a Passenger Tire

Depending on the specific function and performance of a tire, different rubber formulations
based on different polymers, fillers and low molecular weight ingredients are necessary for the
various tire components. The rubber components are made using chemically stable and
reactive/unstable materials including:

Stable materials Reactive materials
Polymer Silanes (coupling agents)
Carbon black (filler) Adhesives

Silica (filler) Accelerators (cross linking)
Mineral oil (plasticizer) Sulfur (cross linking)
Resins Stearic acid (activator)
Waxes Retarders (cross linking)
Zinc oxide (activator) Antioxidants

Processing aids (fatty acids, esters, glycol derivatives)

During the tire making process, reactive materials are generally consumed during the curing
process, so that little if any of these materials are found in the finished product. The tire
production process consists of three primary steps: preparation of the component materials,
production of the components, and building of the tire. Figure 2 provides a simplified description
of the process.
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Figure 2. Overview of the Tire Manufacturing Process

The process temperature during mixing, extrusion and calendering ranges between approx 80
and 120 °C, while during vulcanization the temperature is higher ranging from approximately
150 to 180 °C. In vulcanization, the material changes from a viscous state to an elastic material
by a cross-linking reaction between polymer, sulfur, accelerators and the activators stearic acid
and zinc oxide.

There are hundreds of different tire formulations in existence and for the most part those
formulations are proprietary to the individual tire companies. However, the TIPG agreed that
the chemicals listed on Table 1-1 are common to all companies and are critical materials to the
industry, such that use limitations or outright banning of one of the chemicals could have a
serious impact on the industry’s ability to manufacture tires. In addition to the critical tire
materials, a variety of chemical impurities and byproducts were also evaluated. The impurities
are a result of the manner in which the raw chemicals are manufactured and the byproducts are
a result of the complex chemical reactions that occur during vulcanization. The tire materials
including their impurities or reaction products were categorized into four groups: accelerators,
antioxidants, oils, and miscellaneous. For each of the chemicals listed on Table 1-1, the toxicity,
environmental exposure, and regulatory status were evaluated. The combination of these
factors were evaluated to understand whether sufficient information was available to assess the
potential for environmental health risks of each chemical associated with their use in the
manufacture and use of tires.



Table 1-1 List of Critical Tire Materials
Material Family Specific Chemicals and Subcategories

Carbon black Carbon Black, Furnace black, (single CB-types were not considered)

Heterocyclic compounds; such as, TMQ (2,2,4-Trimethyl-1,2-dihydroquinoline),
TMDQ (Trimethyl-1,2-dihydroquinoline); Phenylene-diamine derivatives; such as,
IPPD (N-Isopropyl-N'-phenyl-p-phenylendiamine), 6PPD (N-1,3-dimethyl-butyl)-N'-
phenyl-p-phenylenediamine), DTPD (N,N"-Ditolyl-p-phenylenediamine), DPPD
(N,N'-Diphenyl-p-phenylenediamine), 77PD (N,N-Bis(1,4-dimethylpentyl)p-
phenylendiamine) ADPA (Acetone-diphenylamine condensation product), Phenolic
stabilizers, such as BPH (2,2-Methylene-bis-(4-methyl-6-tert-butylphenol) and BHT
(2,6-Di-tert-butyl-4-methylphenol)

Antioxidants

Zn0O Zn0O

DCBS (N,N-Dicyclohexyl-2-benzothiazolesulfenamide), TBBS
(N-tert-Butyl-2-benzothiazolesulfenamide), CBS (N-
Cyclohexyl-2-benzothiazolesulfenamide), MBS (2-
morpholinothio) benzothiazole)

Sulphenamides

Guanidine DPG (N,N'-Diphenylguanidine); DOTG (Di-ortho-tolyl-

derivatives guanidine)

Thiazoles MBT (2-Mercaptobenzthiazole); MBTS (2,2'-
Dithiobis(benzothiazole))

Dithiophosphates | SDT (Di-(2-ethyl)hexylphosphorylpolysulfide)

MPTD (Dimethyldiphenylthiuram disulfide) TBTD
(tetrabutylthiuram disulfide); TMTD (Tetramethylthiuram
disulfide); TMTM (tetramethylthiuram monosulfide), TBZTD
(Tetrabenzylthiuram disulfide)

Accelerators or
Vulcanizing Agents Thiurams

ZDMC (Zn-dimethyldithiocarbamate); ZDEC (Zn-
Dithiocarbamates | diethyldithiocarbamate);ZDBC (Zn-dibutyldithiocarbamate);
ZBEC (Zn-Dibenzyldithiocarbamate)

Thioureas ETU (Ethylene thiourea); DETU (Diethylthiourea)

DTDM (Dithiomorpholine); DPTT (Dipentamethylenethiuram
tetrasulfide); CLD (Caprolactam disulfide); MBSS (2-
Morpholinodithiobenzothiazole); OTOS (N-
Oxydiethylenedithiocarbamyl-N"-oxydiethylenesulfenamide)

Sulfur donors

Others H or HEXA (Hexamethylenetetramine)
Aromatic oil
MES (special purified aromatic oil)

Oils Naphthenic oil

TDAE (special purified aromatic oil)

Paraffinic oils

Resorcinol Resorcinol

Formaldehyde Formaldehyde.

Of the many chemicals used by the TIPG in the manufacture of tires (or present as impurities or
produced as reaction byproducts), 42 are considered high production volume (HPV) chemicals
and therefore only this subset is used in appreciable quantities by the industry.

1.2 OVERVIEW OF TIRE WEAR PARTICLES IN THE ENVIRONMENT

Tire wear particles (TWP) are released from the tire tread during use of the tires. The patrticles
are formed as a result of the tread abrasion from the road surface. Tire wear itself is a complex
physio-chemical process which is driven by the frictional energy developed at the interface
between the tread and the road pavement®®. The amount of wear that occurs during a tire's



lifetime varies enormously depending on its type and how it is used. The factors affecting tire
wear include:

*  Tire characteristics
- Size (radius/width/depth)
- Tread depth
- Construction
- Tire pressure and temperature
- Contact patch area
- Chemical composition
- Accumulated mileage
- Alignment
* Road surface characteristics
- Material: bitumen/concrete
- Texture pattern
- Texture wavelength -micro/macro/mega
- Porosity
- Condition, including rutting camber
- Road surface wetness
- Silt loading of road surface
- Surface dressing
*  Vehicle operation
- Speed
- Linear acceleration
- Radial acceleration
- Frequency and extent of braking and cornering
*  Vehicle characteristics
- Vehicle weight and distribution of load
- Location of driving wheels
- Engine power
- Power/unassisted steering
- Electronic braking systems
- Suspension type and condition

TWP consist of a complex mixture of rubber, asphalt, road dust, gravel, and other materials.
TWP are released directly to the environment on both the road surface and suspended in the air.
Subsequently the particles can be transported to the soil and surface water via roadway run-off
and air deposition. During Phase |, data availability/usability for the assessment of potential
human and ecological health risk was assessed including information on human and ecological
exposure to tire wear particulate and the toxicity of tire wear particles.

2.0 GLOBAL LITERATURE SEARCH AND REVIEW

The published literature as well as the “gray literature,” which consists of information found in
websites and unpublished papers and documents, were searched. The published literature was
searched using a variety of publicly available electronic and library databases. The non-
published or gray literature was searched using various internet search engines (i.e., Google,
etc) and through contact with the international rubber trade associations (RMA, JATMA, KOTMA,



and ETRMA - formerly known as BLIC), specific tire materials suppliers and their trade
associations and various international government databases.

More than 2,800 scientific journal articles or non-peer reviewed publications were identified, with
approximately 50% of the documents containing information directly relevant to the state of
knowledge of tire materials and tire wear particulate. All directly relevant papers were reviewed
and critiqued to ascertain the quality of the information provided in the paper and its level of
relevance to the TIPG project objectives.

The oldest relevant publication that was identified in the search was published in 1895 and the
most recent was published in 2007. When evaluated according to publication date, the majority
of papers on tire materials were published in the 1990s. For tire wear particles the trend is
increasing with more than 330 papers published since 2000 as compared to the total of 304
during the 1990s (See Figure 3).
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Figure 3. Summary of Database Contents — By Publication Date

Additionally, in terms of publication language, the majority of the relevant publications were
written in English, followed by German, and Japanese. In all, documents were retrieved in 14
different languages. Figure 4 provides an overview of the database contents by language.
Non-English literature was read and interpreted by those fluent in the specific language.
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Figure 4. Summary of Database Contents — by Language

3.0 IDENTIFICATION OF INTERNATIONAL ENVIRONMENTAL REGULATORY
POLICIES AND RESEARCH PLANS

International regulatory programs for chemicals in commerce and environmental protection were
evaluated for their potential impact on the continued usage of the critical tire materials, as well
as on TWP. With respect to the tire materials, international agreements [i.e., Stockholm
Convention, Rotterdam Convention, Strategic Approach of International Chemicals
Management (SAICM)], several ongoing industry voluntary programs (i.e., High Production
Volume Chemicals), and one European regulatory program (i.e., REACH) were identified as
having impact on tire materials. In each case, the focus of the various programs is on
chemicals that are: high production volume (HPV) chemicals, persistent, bioaccumulative and
toxic (PBT), very persistent/very bioaccumulative (vP/vB), carcinogenic, mutagenic, or
reproductive toxicants (CMR), or as described in the REACH legislation “of equivalent concern”
(e.g., endocrine disrupters).

In order to prioritize the tire materials in terms of potential for impact on the continued usage by
the tire industry, each chemical was evaluated to determine whether it is or could be placed into
one of the above mentioned categories. Internationally accepted definitions of each of the
categories were used in the evaluation. For some categories, however, there was no generally
accepted definition, therefore summary of the various chemical categories and how each were
defined for this analysis is presented in Table 3-1.



Table 3-1 Summary of Categories used in Prioritization of Tire Materials
Category Definition of Category

Chemicals that may cause, promote, or aggravate cancer, based on IARC
classification 1 or 2A

Chemicals that change the genetic information (usually DNA) of an organism based
on EU Directive 67/548/EEC or information available in the published literature. For
the purposes of this analysis, a chemical was considered mutagenic if it produced
positive results in a majority of the mutagenicity models in which it was tested. In
Mutagen the instances in which the results were not predominantly positive or negative, the
result of the mutagenicity tests in vivo were used to determine the potential for
mutagenicity. If there were multiple and conflicting in vivo study results, results from
the in vitro studies in mammalian cells were given priority because they are most
close related to humans.

Chemicals that impair the male and female reproductive functions or capacity based
on EU classifications or information in the published literature.

Chemicals that interfere with normal development, both before and after birth. It
should be noted that this effect is considered in conjunction with reproductive effects
Developmental Toxicant |under EU guidance. However, for the purposes of this assessment, it was
evaluated as a separate effect. Chemicals in this category are based on EU
classifications or information in the published literature.

Chemicals that mimic natural hormones, block the effect of a hormone, or stimulate
or inhibit the production of hormones. Although not used for regulatory purposes,
the reference Chemicals purported to be endocrine disrupters: A compilation of
published lists. (Web Report W20) Leicester, UK MRC Institute for Environmental
Health, available at http://www.le.ac.uk/ieh was used for this evaluation. This report
has not been subjected to scientific peer review and therefore the listing of a
chemical in this document does not mean that the chemical is an endocrine
disrupter. Rather, it means that at least one group believes that there is a potential
for endocrine disruption based on other toxicity exhibited by the chemical.

Chemicals that do not degrade in the environment, accumulate in biological
PBT organisms, and are toxic. PBT definitions used by the USEPA, OECD and EU
under the REACH program were used.

Carcinogen

Reproductive Toxicant

Potential Endocrine
Disrupter

No specific environmental regulations are in place or have been proposed that directly target the
release of tire wear patrticles to the environment. However, globally, environmental regulatory
agencies have been actively involved in the regulation of ambient particulate matter (PM) in the
air. The future regulation of PM in the environment is expected to center on control of the
sources; thus, understanding the contribution of tire wear particles to PMyq and PMs is
essential. Compared to the numerous studies performed on airborne PM, the non-airborne
fraction of PM (or that which can only be suspended in the air for short periods of time) has
received less scientific attention. However, there are many studies concerning the effects of
chemical constituents of non-airborne PM that reach rivers, estuaries, or reside in soil.

4.0 STATE OF KNOWLEDGE OF TIRE MATERIALS

The literature search for the tire materials resulted in the identification of more than 1,700
potentially relevant documents. When analyzed by tire material category, the majority of the
database consists of information regarding the accelerators/vulcanizing agents. In addition to
the published literature, chemical-specific assessments prepared by various governmental
agencies, and safety data sheets from chemical manufacturers and distributors were obtained
and reviewed.



Each of the primary tire materials was evaluated for data gaps in toxicity. Additionally, the
magnitude of the toxic effects, the potential for exposure through environmental media, any
current regulatory concerns regarding the chemical, and specificity to the tire industry were also
considered.

4.1 ACCELERATORS, VULCANIZING AGENTS, ANTIOXIDANTS AND CHEMICALS FOR ADHESIVE
SYSTEMS

The HPV chemicals used by the industry had complete or nearly complete toxicity datasets, but
published information regarding potential environmental exposure was lacking.

Table 4-1 is a listing of the HPV chemicals used as accelerators, vulcanizing agents,
antioxidants and chemicals for adhesive systems in the manufacture of tires, along with the
information available with regards to their CMR and aquatic toxicity status. Of the HPV
chemicals used by the tire industry (or present as impurities or reaction byproducts, very few
have been classified as carcinogens or mutagens. Currently, the European Union (EU) offers
the only classification system for reproductive toxicants (i.e., Risk Phrase such as R-60 or R-62)
and according to EU criteria very few of the HPV chemicals are designated as such.! However,
several of the HPV chemicals have toxicity data indicating that they have the potential for
reproductive effects based on effects in laboratory animals, despite the lack of a corresponding
R-phrase. Evaluation of ecological toxicity data indicate that the majority of the chemicals are
classified as toxic to the aquatic environment.

Because published environmental exposure information is lacking for most of the chemicals,
additional data gathering will be necessary before determining whether the chemicals pose an
environmental health risk due to their use in tire manufacturing. It should be noted that 17 of the
HPV chemicals are accelerators/vulcanizing agents, which means that they are consumed or
reacted in the curing process. As such, they are not expected to be released to the
environment during the curing and are also not expected to be present in detectable quantities
in a finished tire. While sulphenamides, guanidines and thiazoles are commonly used as
accelerators in tire industry; use of zinc-dithiocarbamates (ZDMC, ZDEC, ZDBC) very limited
because the curing rate of zinc-dithiocarbamates is too rapid for rubber components used in
tires.

Additionally, resorcinol and formaldehyde are essential components of the adhesive systems
used for bonding rubber to the textile fibers and for improving the adhesion between rubber and
the brass plated steel belt. When used as raw materials in textile dipping, they are reacted into
an adhesive resin which contains less than 0.1% of either chemical and therefore will have low
potential for environmental release

! The European Union risk phrases are a method for communicating the potential for toxicity associated with
chemicals. Definitions of the R-phrases and combinations can be found in the European Union Directive
67/548/EEC (Annex I1I)



Table 4-1 Summary of Select Toxicity Data for HPV Chemicals used in the Tire Industry as
Accelerators/Vulcanizing agents, Antioxidants and other Chemicals
Aquatic
Reproductive  Toxicity
Family Chemical CAS#  Carcinogenicity® Mutagenicity Toxicity ” ¢ Reference(s)
Sulphenamides
DCBS | 4979-32-2 Not listed No No Yes* (3,4)
TBBS 95-31-8 Not listed No No Yes* (5-7)
CBS 95-33-0 Not listed No No R50/53 (3,5, 8)
MBS | 102-77-2 Not listed No No R51/53 (3,9
Guanidines
" DOTG 97-39-2 Not listed Unknown Unknown Yes* (5)
= DPG | 102-06-7 Not listed No R62 R51/53 (10-12)
g Thiazoles
=2 MBT | 149-30-4 Not listed No No R50/53 (5,13-18)
Zg MBTS | 120-78-5 Not listed No Yes* R50/53 (13, 19)
8 Thiruams
g TMTD | 137-26-8 Not listed No Yes* R50/53 (20-24)
g TMTM 97-74-5 Not listed No No R51/53 (21-23, 25)
© Dithiocarbamates
% ZDMC | 137-30-4 Not listed Yes Yes* R50/53 (21-24, 26-32)
§ ZDEC | 14324-55-1 Not listed Yes Unknown R50/53 (21, 23, 24)
ZBDC | 136-23-2 Not listed No No R50/53 (17, 33, 34)
Sulfur Donors
DTDM | 103-34-4 Not listed No Unknown Yes* (35)
MBSS 95-32-9 Not listed Unknown Unknown Yes* (5)
OTOS | 13752-51-7 Not listed Yes No No (3, 36)
Other
HMT | 100-97-0 Not listed Unknown Unknown No (5)
Heterocyclics
TMQ | 26780-96-1 Not listed No No Yes* (37, 38)
Phenolic Stabilizers
” BPH | 119-47-1 Not listed No Yes* Yes* (5, 39, 40)
‘g BHT | 128-37-0 Not listed No No Yes* (5, 41, 42)
2 Phenylenediamines
2 DPPD 74-31-7 Not listed Unknown Yes* R52/53 (5)
2 6PPD | 793-24-8 Not listed No No Yes* (5, 43-46)
IPPD | 101-72-4 Not listed No Yes* R50/53 (43, 47)
(43)
7PPD | 3081-14-9 Not listed No No Yes*
) Other Chemicals
5 S Resorcinol | 108-46-3 Not listed No No R50 (75-80)
s E
c2
© Formaldehyde 50-0-0 IARC Group 1 Yes Yes* Yes* (81-85)




Table 4-2 is a listing of impurities or by-products related to accelerators, vulcanizing agents and
chemicals for adhesive systems, that are considered HPV chemicals. Although 11 impurities or
byproducts listed in Table 4-2 are considered HPV chemicals, they are present at very low
concentrations and therefore exposures or releases from tire manufacturing are likely to be
insignificant.

Table 4-2 Summary of Select Toxicity Data for Impurities and Byproducts,
Considered HPV Chemicals, Relating Accelerators/Vulcanizing Agents, Antioxidants and
Other Chemicals

Reproductive Aquatic Referenc

Chemical CAS# Carcinogenicity? Mutagenicity Toxicityb Toxicity® e
Aniline 62-53-3 Not listed Yes Yes* R50 (5, 87)
Zn-MBT | 155-04-4 Not listed No Unknown Yes* (13, 88)
Benzothiazole 95-16-9 Not listed No Unknown Yes* (13, 89)
(22, 82,
Carbon Disulfide 75-15-0 Not listed No R62/63 Yes* 90, 91)
Cyclohexylamine | 108-91-8 Not listed No Yes* Yes* (5,92
Morpholine | 110-91-8 Not listed No Unknown R50/53 (5, 93-95)
Dicyclohexylamine | 101-83-7 Not listed No Unknown R50/53 (5, 96)
Methylisothiocyanate | 556-61-6 Not listed Yes Unknown R50/53 (97-99)
(94, 100-
Isopropylacetone | 108-10-1 Not listed No No No 103)
Diphenylamine | 122-39-4 Not listed No Yes* R50/53 (5,104
(5, 105-
Phenol | 108-95-2 Not listed Yes Yes* Yes* 110)

a. To be considered listed as a regulated carcinogen, a chemical must fall under IARC Group 1 or 2A. In some
instances, no evaluation has been made for the chemical by IARC. For reference, see:
http://monographs.iarc.fr/ENG/Classification/index.php

b.  As per the EU definition, reproductive toxicity includes developmental toxicity, and both are considered in designation
of the R-phrase®.

c. Inthe absence of an EU designated R-phrase®, aquatic toxicity was determined using the following criteria: the
EC/LC50 of the chemical must be < 100 mg/L in one of three standard test species 119 pesticide Profiles: Toxicity,
Environmental Impact, and Fate. Lewis Publishers; Boca Raton, FL.)

d. Definitions of the R-phrases and combinations can be found in the European Union Directive 67/548/EEC (Annex IlI)

Possible based on available literature, but not designated with regulatory phrase (R-phrase)

*

4.2 OILs

The mineral oils serve as plasticizers that are used to improve rubber properties such as tensile
strength, elasticity, tear strength, hardness and elongation at break. Additionally, the oils aid the
processing by affecting the viscosity of rubber mixtures. The extender oils used in the tire
industry include those containing polycyclic aromatic hydrocarbons (PAH) and those that do not
contain polycyclic aromatic hydrocarbons (non-PAH). The mineral oils are a complex mixture,
with individual molecules containing various ratios of unsaturated aromatic rings, saturated rings
(naphthenic rings) and paraffinic chains.

Toxicity information on the non-PAH oils indicates that the oils are of relatively low toxicity to
humans and the aquatic environment. The PAH containing oils are of interest because they
may contain carcinogenic compounds: benzo(a)pyrene (IARC Group 1), (benzo(a)anthracene,
benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene, Indeno(1,2,3-cd)pyrene, naphthalene)
(IARC Group 2B). In aquatic systems, these PAHSs are toxic to algae, invertebrates and fish and
are persistent and bioaccumulative.




Exposure to Polycyclic Aromatic Hydrocarbons in the Environment

PAHSs are widespread contaminants in environmental media and can be measured in air, water,
sediments, and soil. The sources of PAHs are both petrogenic — from crude and refined
petroleum — and pyrogenic — from incomplete combustion of organic material, including fossil
fuels. The contribution of PAHSs to the aquatic environment from road dust including tire wear
particulate has been evaluated by several groups “#?9, However, no study has been able to
reliably quantify the contribution of PAHSs from tire wear particulate.

High aromatic (HA) extender oils were considered because the EU has banned the use of HA
oils in tire manufacturing due to a theoretical increased risk of cancer from exposure to PAHs in
the environment released from tire wear particulate. While the EU concluded that tire wear
particulate was not a significant of source of PAHs in the environment, it nevertheless ruled that
the theoretical cancer risk was sufficient to ban the HA oils %, EU Directive 76/769/EEC
further stipulates that, as of January 2010, plasticizer oils for the manufacture of tires or tire
components may no longer be put into circulation if they contain more than 1 mg/kg
benzo(a)pyrene or a cumulative total of more than 10 mg/kg of eight polycyclic aromatic
hydrocarbon substances cited. Also, after January 1, 2010 tires and tire treads for retreading
purposes may not be put into circulation if they contain plasticizer oils that exceed the
aforementioned limit values. The usage of these HA extender oils is scheduled to cease by
2010 in Japan and South Korea®®V,

4.3 ZINC OXIDE

Zinc oxide primarily acts as an activator in sulfur vulcanization of tire compounds. The toxicities
of zinc oxide, and its impurities and byproducts (cadmium, cadmium oxide, lead, lead oxide)
were evaluated. None of the compounds are acutely toxic, except cadmium oxide which
exhibits somewhat low acute toxicity. Zinc is generally considered as one of the least harmful of
the metals and it is also one of the most prevalent in the environment. It occurs naturally in the
environment at moderate levels and is an essential element for most life forms, including
humans, animals and plants.

Zinc oxide is not carcinogenic, mutagenic or a developmental toxicant, although it has shown
reproductive toxicity in animals. While zinc has been identified as a potential endocrine
disrupter, zinc oxide has not been identified as such. In general, zinc and zinc compounds are
highly toxic to aquatic systems, but the levels at which zinc is toxic to aquatic species varies by
orders of magnitude depending on water chemistry parameters such as pH, hardness and
dissolved organic carbon (DOC). Recently, studies of zinc aquatic toxicity have focused on the
speciation of metals in the water and the binding of metals to biotic ligands. The biotic ligand
models (BLM) are proposed as a tool to evaluate quantitatively the manner in which water
chemistry affects the speciation and bioavailability of metals in aquatic systems.

In addition to naturally occurring zinc in the environment, there are humerous anthropogenic
sources including local stationary sources such as zinc metal production, zinc galvanizing
operations, brass production, alloy and die casting, production of rolled and wrought zinc, and
the production of zinc compounds. Additionally, area wide sources may also contribute to zinc
in the environment including agricultural operations, and galvanized structures (i.e., roofs, rain
gutters, and crash barriers) that are vulnerable to atmospheric corrosion and run-off. Zinc
concentrations from road traffic emissions have also been estimated including that from exhaust
system corrosion, brake wear and tire wear. Many studies have been conducted in an effort to
apportion zinc in the aquatic environment to these various sources. Tire wear particulate has
been identified as one such source and the EU has concluded in their risk assessment of zinc



that further work is necessary to quantify the zinc emissions to surface water and sediment from
road sources, including tires and crash barriers?.

Although not tire materials themselves, lead and cadmium compounds are found as impurities
in the zinc oxide (i.e., <0.1%). Inorganic lead compounds and cadmium and cadmium
compounds are mutagenic and regulated as carcinogens. Additionally, lead, cadmium and their
respective compounds are reproductive and developmental toxicants. Like zinc, there are many
anthropogenic sources of lead and cadmium in the environment. Given their low concentration,
release of lead and cadmium from the use of zinc oxide in tire manufacturing is likely to be
insignificant.

4.4 CARBON BLACK

Carbon black refers to a group of industrial products including thermal, furnace, channel and
acetylene blacks. They essentially consist of elemental carbon and are obtained by the partial
combustion or thermal decomposition of hydrocarbons. About 90% of the worldwide production
of carbon black is used by the tire industry, where the carbon black enhances tear strength and
improves modulus and wear characteristics of the tires.

Due to the source materials, the production methods, and their large surface areas and surface
characteristics, carbon blacks typically contain varying quantities of adsorbed byproducts from
the production process. In particular, these by-products consist of polynuclear aromatic
hydrocarbons (PAHs)*?* 3% The specific chemicals detected in carbon black extracts and their
relative quantities vary widely from sample to sample. Among the PAHs frequently found at the
highest levels in carbon black extracts are benzo[ghi]perylene, coronene, cyclopental[cd]pyrene,
fluoranthene and pyrene.

Carbon black is not acutely toxic, but is a skin and eye irritant in humans. In studies of long-
term exposure to carbon black, the respiratory and cardiovascular systems were impacted. In
vitro mutagenicity studies on carbon black were generally negative and carcinogenicity studies
utilizing various routes of exposure were negative in all mammalian species tested. Additionally,
recent epidemiology studies of carbon black workers did not find a positive dose response
between carbon black exposure and any type of cancer. The IARC classification for carbon
black is “possibly carcinogenic to humans” (Group 2B), based on insufficient evidence of
carcinogenicity in humans and sufficient evidence of carcinogenicity in animals.

The State of California lists carbon black — airborne, unbound, particles of respirable size, as
“known to the State of California to cause cancer

(http://www.oehha.org/prop65/prop65 _list/files/hyphsinglelist082306.xIs). However, the agency
indicates that exposure to carbon black, per se, does not occur when it remains bound within a
product matrix, such as rubber, ink or paint. Neither the U.S. National Toxicology Program
(NTP), the U.S. Occupational Safety and Health Administration (OSHA) nor the EU have
designated carbon black as a carcinogen.

Exposure to carbon black primarily occurs in industrial workplaces such as during the
manufacturing of the product or during use of the material such as in tire manufacturing.
However, because carbon black is bound as part of the elastomer complex, it is unlikely to be
released from the tire as an unbound patrticle as a result of wear or abrasion. It should be noted
that many studies of ambient air particulate quantify the amount of elemental carbon in the air,
which is also called ‘black carbon.” This term, however refers to carbon generated from
industrial or motor vehicle combustion processes and is not synonymous with carbon black. In
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a recent study known as the “California Supersite”, diesel emissions were identified as the
primary source of elemental carbon or black carbon in the ambient air®™*.

4.5 SUMMARY OF TIRE MATERIALS STATE OF KNOWLEDGE EVALUATION

The toxicity data appears to be sufficient for most of the HPV chemicals and many of the lower
production volume chemicals used by the tire industry. Where data gaps in the toxicity
information were identified, the TIPG is committed to working with the materials suppliers to
determine if any of the data gaps are data needs and to determine the best approach for
obtaining the necessary information. Similarly, because the published literature did not contain
sufficient information regarding environmental exposure to these chemicals, additional data
gathering or exposure modeling will be necessary in order to determine whether any of the
selected tire materials present a potential environmental health risk.

4.6 PRIORITIZATION
In order to assess the current regulatory status of each chemical, we determined the following

for each chemical:
e |[sitan HPV chemical?

e Isitlisted as an OECD HPV but not yet sponsored?

e Is it harmful to the ozone?

e Isita possible endocrine disrupter?

e s it areportable toxic substance (under TSCA/EINECS or other equivalent)?

e |sit subject to environmental release reporting (TRI/PRTR)

e Isita Stockholm POP

e Isit a Rotterdam PIC?

e Isitapossible PBT?

e Isitregulated as carcinogen, mutagen or reproductive toxicant(under USEPA, IARC,
EU Directive 67/549/EEC, California Prop 65)?

e |s it an aquatic toxicant?

o Do environmental standards already exist for the chemicals?

e |Isit already severely banned or restricted (TSCA, EU Directive 76/769)7?

e Isitunique to the tire industry?

Each of the above categories was then considered when determining the overall priority, with
special consideration made for those chemicals that were identified as regulatory concerns
(specifically HPVs, reportable toxic substances, regulated carcinogens, mutagens, reproductive
toxicants and potential endocrine disrupters), or if data gaps prevented an adequate
understanding of a chemical’s classification. The chemicals were prioritized by assigning them
into priority groups (high, moderate to high, moderate and low priority) based on the nhumber of
positive responses for regulatory concerns or data gaps. A list of the primary tire materials by
priority classification and the criteria (by the number of positive responses) for classification is
provided in Table 4-3.
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Table 4-3 Prioritization of Tire Chemicals by Number of Positive Responses in
Regulatory Concerns or Data Gaps

Priority P?esg;t:r;;?;pégzz:?nfgr Primary Tire Materials
or data gaps

High Seven or more DOTG, MBT, TMTD, ZDMC, MBSS, IPPD, resorcinol,
formaldehyde,

Moderate to High | Five or Six MBS, DPG, ZDEC, BDC, DTDM, OTOS, TMQ, DPPD

Moderate Three or Four DCBS, CBS, TMTM, MBTS, ZBEC, DETU, HMT, BPH,
BHT, 6PPD, 7PPD, ZnO, Carbon Black

Low Two or fewer TBBS, MPTD, TBTD, TBzTD, ADPA, DTPD

Note: Impurities and byproducts are not presented in Table 4 in order to simplify the explanation of prioritization.
Further, exposures to those impurities and byproducts in the manufacturing and in-use portions of the tire life cycle
are expected to be insignificant.

Usages of several chemicals in Table 4-3, such as DOTG, dithiocarbamates (ZDMC, etc),
morpholine derivatives (MBSS, etc), etc. are limited in the tire industry. The TIPG has
evaluated the high and moderate-high chemicals to determine which if any are commonly used
among the representative companies. Based on this evaluation, the following chemicals were
selected for focus in filling data gaps in toxicity, PBT status, and exposure for the manufacturing
and in-use portion of the life cycle:

TMTD

MBT

Resorcinol

Formaldehyde

DPG

5.0 STATE OF KNOWLEDGE OF TIRE WEAR PARTICLES

Tire wear particles (TWP) are included in the vehicle emission category called non-exhaust
particulate matter, which in certain areas are a significant contributor to total PM emissions in
the environment. For mobile sources, there are a number of non-exhaust processes, involving
mechanical abrasion and corrosion, which can result in particulate matter being released
directly to the atmosphere. The main abrasion processes leading to the direct emission of
particulate matter are:

(i) Tire wear

(i) Brake wear

(i)  Clutch wear

(iv) Road surface wear

Additionally, corrosion of chassis, bodywork, and other vehicle components, as well as
corrosion of road structures such as signs, crash barriers and fencing can contribute to non-
exhaust particulate in traffic areas.

The abrasion and corrosion processes can also lead to the deposition of particles on the road
surface. The material previously deposited on the road surface, often referred to as ‘road dust’,
may also contain exhaust particles, de-icing salt and grit originating from winter maintenance,
and matter from a range of sources that are not related to road transport (e.g. crustal and
vegetative material, and material from industrial/commercial/domestic activity). The residual
road dust can be suspended or resuspended in the atmosphere as a result of tire wear, vehicle-
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generated turbulence, and wind dispersion. While non-exhaust emission sources may
contribute significantly to atmospheric particle concentrations, the data relating to the emission
rate, size, and composition of particles arising from such sources are not comprehensive.

Because many control devices, such as particulate filters for diesel engines, have been
developed and are being installed on vehicles to minimize exhaust related particulate emissions,
the importance of non-exhaust traffic related PM will grow in the future. In order to determine
the relative importance of controlling the non-exhaust traffic related PM, the contribution of the
major specific sources (tire abrasion, break wear, road wear) must be understood.

51 MEASUREMENT OF TIRE WEAR PARTICLES IN THE ENVIRONMENT

Currently, very little reliable and relevant quantitative data exist regarding TWP levels in the
environment. The potential presence and significance of TWP in air, soil, and sediment
compartments is an important focus for further study.

5.1.1 Estimates of Tire Wear Particles in Airborne Particulate Matter

The published literature contains several studies wherein estimates of the contribution of TWP
to airborne particulate matter have been postulated. The quality of the studies is often variable
and the methods used to make the contribution determination are not consistent. The
determination of the levels of TWP in air requires validated sampling and analytical procedures.
The methods that have been generally used to quantify TWP in the environment are based on
tire wear rate and mass balance calculations, as well as the use of various chemical markers.

Table 5-1 presents a summary of studies on the relative contribution of tire wear to airborne

particulate matter. These measurements were most often reported in high traffic areas, at
tunnels or intersections in several countries.
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Table 5-1 Contribution of Tire Wear Particles to Airborne Particulate Matter (in %

Location TSP PMiq PM, g Reference
2-10° - - (135, 136)
2-7 - - (137)
< 5: - - (138)
7.2 - - (139)
USA 1.6-35 i : (140)
- >1 - (141)
- - 1 (142)
- - 1.3,3° (143)
5.2+0.4 - - (144)
1.3-3° - - (145)
5.6 +1.0 - - (146)
05-15° - -
Japan 4.3 - - (147)
3.6 +4.7° (148)
3 - - (149)
3-4" - - (150)
- 2.3 1.3 (150)
- 5 - (151)
16 10' - (152)
- 8.6' - (153)
- 5 - (154)
Europe : 1-75 : (155)
5 - - (156)
3-7 - (157)
- 6 3 (121)

depending on driving conditions

high traffic urban area, contribution to road dust

marker high molecular weight alkanes

winter conditions (Benzothiazole marker)

spring conditions (Benzothiazole marker)

heavy duty vehicles (specific marker)

outside tunnel; specific marker

specific marker (passenger car and truck); three size categories
analytical procedure questionable

I averaged data

TSP: Total Suspended Particulate

PMio: Particulate Matter with aerodynamic diameter <10 micrometers
PM,s: Particulate Matter with aerodynamic diameter <2.5 micrometers

" T @ " o a o T o

A summary of the reported concentrations of TWP in ambient air is shown in Table 5-2. The
average concentration of TWP in air for high traffic areas has been reported to range from 2 - 5
pHg/ms3 in the size range of TSP and PM;, and from 0.2 to 2.2 pg/ms3 for PM;. One of the earliest
studies on tire tread rubber in airborne PM was performed by Toyosawa et al.**¥ at a tunnel in
Tokyo, where the highest concentration of TWP was reported as 9.4 ug/ms. Fukuzaki et al.®**®
reported a maximum roadside TWP concentration of 24 pg/m?® for PM smaller than 4.7 pm and
other researchers have reported TWP TSP, PM,o, and PM33(i.e., particulate less than 3.3um in
size) levels of 7 pg/m?, 2.2 ug/m®, and 0.2 pug/m?® respectively™®. In contrast to these
concentrations Kumata et al.**” observed a very low tire wear contribution (0.001 pg/m®) to
TSP concentrations in a forested area approximately 500 m from a suburban roadway in Tokyo.
This result suggests that the transport of TWP from the roadway might be limited.
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Table 5-2 Concentration of Tire Wear Particles in Air (ug/m?3)

Sampling Location TSP Other Sizes Reference
Roadway 1.2 (137)
Tunnel 9.6
1-4.9 (<7um) (135, 136)
Interstate highway 0.15 0.07-0.13 (PMy) (142)
Urban intersect 0.1-0.35 (PMyo)
Highway tunnel 8.6 (PMyy) (161)
1 (<10um) (162)
Urban 2,2 (<3.3um) (159)
0.22 (<10um)
Tunnel 9.4 (144)
24 (4.7 ym) (158)
Urban 6 (145)
Urban 7 2.2 (PMyp) 0.2 (PM353) (159)
Urban /summer 1.36 (< 10 pm) (163)
Forest 0.001 (160)
Local-road/trucks 3.1+1.6 (147)
Passenger-car 42+1.3
National road 0.51 - 2.3 (<7um) (150)

0.20 - 0.91 (<7um)

TSP: Total Suspended Particulate
PMio: Particulate Matter with aerodynamic diameter <10 micrometers

PMs3: Particulate Matter with aerodynamic diameter <3.3 micrometers
PM_s: Particulate Matter with aerodynamic diameter <2.5 micrometers

Based on these studies, it can be seen that the levels vary greatly and may be a result of factors

such as:

¢ the methods of sampling and quantitative determination

the use of markers with a large range of error in reference materials
the variable amount of polymer in tire treads as well as in the samples
the differences in types of roads, vehicles, driving behavior
background concentrations and wind (direction and strength) between the sampling

spots

¢ meteorological conditions, climate season etc.

There is no consensus in the literature about the TWP contribution to fine fraction (< 2.5 um) or
coarse fraction (>7 um) of airborne PM. Some studies indicated that the PM, s emissions from
tire wear are important, ‘49952 \while other measurements do not confirm this 54 53 166),

A summary of the results of the PM patrticle size research in the environment and the
contribution of TWP to the fine and coarse size fraction is given in Table 5-3.
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Table 5-3 Particle Size Fraction Found In Airborne Tire Wear Particles

Fine (< 3 um) Coarse (7 - 10 ym) Reference
minor dominant? (167)
minor dominant (137)
minor dominant (168)

dominant minor (164, 165)b
minor dominant (169)
minor dominant (161)

dominant minor (154)c
minor dominant (150, 152)

Notes:

% Dominant means >50% of particles measured.

b 70% of the particles were classified as PM; s, 10% as PM; and 8% as PMg 1
¢ 90% of the particles were classified as PM;

Limitations to these studies include validity of the chemical markers, lack of standardization in
the analytical technigue used, methods to collect the air samples, and seasonal
representativeness.

Early indoor investigations using actual emissions from a tire on a road surface showed that
airborne TWP ranged in size from 0.01 pm to 30 pm ®*®. Dannis“’ found that the mean
particle diameter decreases with increasing driving speed; this may be one of the factors
contributing to differences in size and size distributions reported in the literature. Recently,
indoor tests conducted in Sweden to evaluate pavement wear due to the use of studded tires
and non-studded friction tires indicated PM;, concentrations of up to 5 mg/m*® when using the
studded tires and nearly non-detectable concentrations when using the non-studded friction
tires®™Y. Within the PMy, fraction, there was a particle size mode at 4-5 pm and a peak at 7-8
pum, however the peak was artificial because the distribution was truncated at 10 um by the
PMy, inlet of the sampling device. Further, Gustaffson et al.*’®, found that the studded tires
generated more than 10-fold higher concentrations of particles than the friction tires and that the
chemical analysis of the particles showed that they consist almost entirely of minerals from the
pavement stone material. Ultra-fine particles (<0.1 um) were also measured in the Swedish
study gr;g the number of particles per volume of air was found to increase with increasing
speed™“.

Finally, it is important to note that not all worn tire material will be emitted as airborne PM or
released as sedimentary PM. Some authors have argued that there might be at least two
important wear mechanisms: 1) a purely mechanical process which produces particles from 10
to more than 300 um and 2) a thermo-mechanical process which yields much smaller, perhaps
partly oxidized, 'smoke'-like particles with diameters of a few tenths of microns. Some of the tire
weight loss will be in the form of carbon dioxide and water vapor, although when Cadle and
Williams®™® measured the gases emitted during continuous tire wear tests, no significant
increases in CO, could be measured above the background levels. A fraction of the tire wear
material also may adhere to vehicle surfaces, and some much coarser solid material, such as
tire shreds, may also be deposited on the road.

5.2 ESTIMATES OF TIRE WEAR PARTICLES IN SOIL AND SEDIMENT
The potential environmental impact of coarse TWP has been largely attributed to leachates of

metal ions (e.g. zinc), the extraction of water soluble organic compounds (e.g. by products from
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vulcanization accelerators, antioxidants, antiozonants) and the transport of PAHs into soill,
sediment, and aquatic ecosystems. However, the extraction and leaching potential for
chemicals has not been investigated in detail on actual TWP. Important factors such as the
relevant particle size range, surface roughness, degree of ageing in terrestrial and aquatic
systems and relevant environmental conditions of the leaching matrix have not been given
proper consideration in the available studies. Thus, accurate estimates of potential risk to
ecological receptors are not currently possible.

Camatini et al.*"® collected debris from the road of a tire proving ground, and found that tire
debris agglomerated up to a few hundred micrometers in size. Such particles are not airborne
and are of limited interest to air pollution, but they probably contribute the largest fraction by
weight of total tire wear. Additional research indicates that the major part of the TWP can be
distributed on the road itself and in soil near roadways®’>*"®. Due to partial biodegradation of
the polymer phase or the susceptibility of markers to post depositional decomposition under
aerobic conditions, the quantification of sedimentary TWP is a challenging task.

5.3 MARKERS FOR TIRE WEAR PARTICLES

In order to accurately quantify the relative contribution of different sources including tire wear to
the total suspended particulate matter, chemical markers for TWP are required. Since neither
the fraction of airborne TWP nor the content of TWP in soil or sediment can be determined from
measured or theoretically derived tire wear rates; the only feasible way to quantify TWP
concentrations in the environment is through the use of specific markers.

Since TWP were first detected in sedimentary matter at a parking garage®’® the search for
adequate markers has proceeded in two different directions. One effort pursued a more
physical approach by trying to identify a characteristic shape and morphology of individual
particles®* 18182 However, such procedures have not lead to reliable methodologies for
detecting TWP. The chemical approach, believed to be the more robust methodology however,
tries to identify specific chemical species that are significantly related to one or more of the
characteristic tire tread ingredients. A review of the TWP publications ranging from the early
1970s to 2006 indicated four discrete groups of markers that have been considered:

Polymer based markers - Because passenger tire treads are composed mainly of SBR and BR
and truck tire treads contain mainly NR, a potential tire specific marker related to the polymers
or specific thermolysis products of the polymers may be possible. In addition, there are nearly
no interfering sources for these groups of markers among the exhaust and other non-exhaust
PM. Two experimental routes have been used for polymer based markers including: 1) the
quantification of the polymer phase*®": 138183189 5n( 2) the quantification of the type of polymer
by using one or a combination of tire tread-specific pyrolysis products®3®: 144 146.150.168)
Currently, the pyrolysis markers, isoprene, butadiene, and various thiophenes appear to be the
maost promising.

Accelerator based markers - The most widely used group of accelerators in the tire industry are
derivates from benzothiazole (BT). BT was proposed as a potential marker to trace tire wear
debris in the urban atmosphere and intensively investigated®#? 245188 However, due to
different recipes of the compounds, the vulcanization history and the analytical procedure the
BT content varies in the range of + 50%. Therefore, it may be very difficult to identify a
reference BT content for a representative tire. Also, there is conflicting information in the
literature about other environmental confounders for BT ) and BT that is not linked to the
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polymer can be leached out in aquatic or humid terrestrial environments. Thus, BT does not
adequately fulfill the marker requirements for a tire wear particles.

Two researchers have investigated the use of 2-(4-Morpholinyl)-benzothiazole (24MoBT),
present as an impurity in 2-Morpholino-benzothiazole in the accelerators MBS or MBSS, as
marker for TWP(6188.189) " Ha\wever, since the early 1990s, MBS/MBSS was replaced by CBS,
TBBS and other compounds as accelerators of choice for tire tread manufacturing. Thus,
24MoBT is no longer a reliable marker for airborne TWP. However, the temporal change in the
use of MBS vs. CBS have been observed in sediment, therefore, 24MoBT may still be useful as
a potential geomarker®®®.

Recently Kumata et al.*®® 1* jnvestigated N-Cyclohexyl-2-benzothiazolamine (NCBA), which
appears as an impurity of N-Cyclohexyl-2-benzothiazolesulfenamide (CBS), one of the most
frequently used accelerators in the modern tire industry worldwide. Although the analytical
methods are complex, there is reasonably good reproducibility. In a Swiss study, the two
marker compounds 24MoBT and NCBA were identified from PMyg filters®?. In an urban area
the contribution of TWP in PM;o was reported to be 7.5% by using NCBA as a marker.

Zinc based markers - After Pierson and Brachaczek™” established a correlation between traffic
activity and elemental zinc concentrations in airborne PM as well as in roadside soil samples,
zinc was proposed as a marker for TWP. However, other sources of zinc from exhaust and
non-exhaust emissions such as corrosion of crash barriers and brake wear that can confound
results were not considered in the studies. Because the use of elemental zinc lacks specificity
to TWP, Fauser et al.®** '*? have proposed to use extractable organic zinc (zinc-
mercaptobenzothiazole) as a marker because tires are, with the exception of engine oil, the only
significant contributors to extractable organic zinc in airborne particulates. The determination of
the elemental zinc content in the organic extract is performed by atomic absorption
spectrometry (FAAS) and the assessment of TWP content is completed by using IR-
spectroscopic determination of styrene. Based on analyses from soil samples the zinc content
from tires comprises approximately one percent of the total elemental zinc™®. It is important to
note that the interference from additives used in engine oils (zinc-dithiophosphates) which are
widely used in Europe creates some uncertainties for determinations of TWP in soil samples
using organic zinc as the marker.

High boiling additives - High molecular weight alkanes (Carbon number > 35) and alkanoic
acids have been proposed as discriminative markers for TWP because of their low volatility,
good solubility in the polymer matrix and their substantial amount in tire compounds 4?43 193),
However, the research has revealed predominantly n-alkanes which are not totally characteristic
for aromatic extender or processing oil. Hydrocarbon acids (alkanoic) have been identified in
the second highest amounts. Fatty acids and resin acids, are present in SBR after emulsion
polymerization and electrolyte coagulation in an amount of approximately 4 - 7% of the total
polymer. Therefore, this group of high boiling substances does not consist of compounding
ingredients but rather impurities of E-SBR. Consequently, these substances can be used as a
marker for TWP from E-SBR only. Taking into account that E-SBR is replaced or partly
substituted by S-SBR in passenger tire treads the value of this type of marker is questionable.
Lastly, hydrogenated resin acids, which do not occur in nature, have received some limited
attention as potential marker in areas that were highly impacted by vehicle traffic***. However,
this potential marker has not been further developed.

In summary, the markers which appear to have the greatest potential for future use are likely to
be the pyrolysis markers from the polymer and the organic zinc.
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54 ToOXICITY PROFILE OF TIRE WEAR PARTICLES

Although numerous studies have been conducted on the toxicity of leachates from tire materials
and road patrticles, there is no information available regarding the human and ecological toxicity
potential of real world TWP. Studies have shown that some of the chemicals that can leach out
of tire components (such as zinc oxide, diphenylamine, 2-mercaptobenzothiazole, and PAHS)
exhibit toxicity to aquatic organisms in laboratory tests; however, no studies have specifically
evaluated the toxicity of the TWP under realistic environmental or biological conditions.

Several aquatic studies were identified that implicated TWP as a toxicant in the environment
because of potential for acute toxicity, endocrine disruption, and teratogenicity*>" %19 Wik
and Dave*®® exposed Daphnia magna to 0.25 — 16 g/L of grated fresh rubber treads generated
from 12 types of tires and observed toxicity at a wide range of concentrations. Additionally, the
authors indicated that UV photo-activation increased the toxicity by a factor of 10-fold. One of
the most important limitations to this study is that the test concentrations used by the
investigators are likely to far exceed actual environmental levels and therefore the relevance of
these findings are questionable. Also, the test material was derived from new tires in the
laboratory and not actual TWP.

Gualtieri et al.**” exposed daphnids to eluates from 50 g/L tire tread diluted 1, 10 and 50%.
The daphnids were killed by day 5 from exposure to the 10% dilution and algae growth was also
inhibited. The authors also observed significant malformations at all dilutions in frog embryos.
While this study’s findings of toxicity were significant, the tire tread was extracted using organic
chemicals that are clearly not representative of environmental conditions and thus under real-
world environmental conditions this toxicity is unlikely to be observed. Wik'**® also evaluated
toxicity to daphnids from different rubber formulations in order to attempt to identify the most
toxic tire leachate components, and also introduced UV treatment as a variable. The resulting
EC50 values were in grams per liter which suggests a very low potential for acute aquatic
toxicity in the actual environment.

Henkelmann®®® reported that polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs)
and polychlorinated biphenyls (PCBs) are in the “tire soot” and may be extractable in the
environment. The author extracted 10 different milled tread samples from used tires and found
PCDD/Fs and PCBs in every sample. Although the author believes that the total contribution of
PCDD/Fs and PCBs in the environment from TWP would be low, it is unclear whether the
PCCD/Fs and PCBs are actually tire related or present because the used tires could have
entrained particles containing the compounds while they were in use. Zheng et al.*®
performed a study similar to that of Henkelmann*®® and concluded that TWP exhibited
significant anti-estrogenic activity, and therefore that TWP was a form of endocrine disrupter.
Further Zheng et al.**® hypothesized that this effect was a result of the presence of PCCD/Fs
and PCBs in the TWP.

Beyond these leaching studies, a significant amount of research has been focused on zinc in
aguatic environments. Zinc is very toxic to aquatic organisms and has been shown to leach
from tire tread. Smolders and Degryse®®® observed elemental zinc concentrations in tire debris
(< 100 pm) of 11.4 mg/g for car tires and 24.1 mg/g for truck tires. Councell et al.?° reported a
range for the measured zinc content of tire tread of 0.04% to 1.66% by weight, based on a
review of 13 separate studies. Bioavailability and chronic toxicity (EC10) of elemental and
organic zinc can vary widely between aquatic life forms such as algae, crustaceans, and fish
algae and crustacean®?. Based on acute toxicity criteria, zinc dithiocarbamates are
substantially more toxic to Daphnids than zinc oxide(®? 23 28. 30,49, 203, 204)
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Only one study was identified that evaluated the mammalian toxicity of tire tread materials #°®.
In this study, the investigators used tire tread generated from studded tires (<10m) and exposed
rats via inhalation using a whole body inhalation chamber. Four groups of animals were
exposed to four different doses of tire tread; namely 0 pg/m* (N=40); 100 pg/m* (N=30); 300
ng/m?® (N=30); and 1000 pg/m?® (N=40) and were sacrificed after either 1 year or 1.5 years. The
study showed that tire tread particles accumulated in the lungs and in the lymph node in all dose
groups and the degree of accumulation was related to the exposure concentration. Analysis of
the lung tissues showed that the amounts of silica and aluminum increased according to the
dust concentration in the lungs. No dose response relationship between concentrations,
duration of exposure, and animal survival numbers was found. Mild fibrosis was found in the
lungs in the 1000 pg/m?® dose group, but not in the controls or at 100 pg/m? or 300 pg/m?.
Further, no exposure related tumors were identified. Based on the results of the study, the no
observed adverse effect level (NOAEL) was 300 pg/m°. There are several limitations to this
study including lack of systemic toxicity evaluation, and use of tire tread particles generated only
from snow tires.

In vitro studies of human cell lines by Gualtieri et al.**” investigated the effects of organic
extracts of tire tread materials. Particulate from laboratory wear tests was extracted using
dichloromethane. A549 cells were exposed to extract at concentrations of 10, 50, 60, and 75
pg/ml, which the authors report corresponds to potential human exposure. Cytotoxicity, as
measured by the MTT assay, was dose and time dependent, as was cell viability. DNA strand
breaks were measured using the Comet Assay and were also dose and time dependent. Cell
cycle and morphology were also affected by RP extract, particularly at the high dose. However,
this study has significant limitations including extraction of the tread materials in organic solvent
and application of DMSO to enhance absorption across the cell membrane; as such its
relevance to human biology is unclear.

Karlsson et al.?°® reported that particles from tire—road wear collected using a road simulator
were genotoxic and able to induce cytokines, however significant uncertainty is associated with
the findings because of improper use of statistics, insufficient controls, low sample size, and
design flaws to reasonably link potential exposure with effect.

Beretta®” looked at solvent extracts of tire debris and potential impacts on human lung
epithelial cells. Mantecca et al.?®® report on organic solvent extracts of tire debris and potential
impacts in a frog development assay. These studies have significant limitations and relevance
because they do not use TWP generated under real conditions, and the extraction in organic
solvent is not relevant to biological conditions. Furthermore, delivery of TWP extract in DMSO
may cause more uptake of chemicals into cells than would be possible under real-life conditions,
and finally, the relatively high ppm doses applied are not environmentally realistic.

In summary, the available tire tread materials and TWP toxicity data are limited both for humans
and ecological receptors. These data gaps hinder current abilities to conduct a rigorous risk
assessment of TWP.

6.0 CONCLUSIONS

The current state of knowledge indicates that there are data gaps which significantly limit a

scientifically robust analysis of the potential environmental health risks associated with the
selected tire materials and TWP. Thus additional data collection has been recommended.
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For the tire materials, the TIPG has evaluated the high and moderate-high chemicals to
determine which if any are commonly used among the representative companies. Based on this
evaluation, the following chemicals were selected for focus in filling data gaps;
e TMTD
MBT
Resorcinol
Formaldehyde
DPG

It is recommended that the following research be conducted in order to conduct environmental
health risk assessments:

o Where toxicity data gaps exist, request specific toxicity information from tire material
manufacturers;

o Determine persistence, bioaccumulation, and toxicity (PBT) status for high volume
chemicals; and,

e Conduct exposure assessments of chemicals for the manufacturing and in-use portions
of the life cycle.

After a thorough analysis of the available literature regarding TWP, it was concluded that the
most significant data gaps are: 1) lack of understanding of the chemical composition of TWP, 2)
lack of understanding of the levels of TWP in the environment (air, soil, and sediments) and
their potential associated health risks; and 3) lack of understanding of the potential for TWP to
leach chemicals into the environment. As such is it recommended that the following research
be conducted to allow for environmental health risk assessment of TWP:

¢ Chemical composition analysis of TWP generated under representative driving
conditions;

Acute aquatic toxicity studies of TWP;

Characterization of TWP leachate under simulated environmental/biological conditions;
Development of chemical marker for TWP in environmental media; and,

Measurement of TWP in air, soil, water and sediment to determine representative
exposure concentrations.
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