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Mentoring a Movement
Empowering People

Preventing Harm

About the Center for Health, Environment & Justice

CHE] mentors the movement to build healthier
communities by empowering people to prevent
the harm caused by chemical and toxic threats.
We accomplish our work by connecting local
community groups to national initiatives

and corporate campaigns. CHE] works with
communities to empower groups by providing
the tools, strategic vision, and encouragement
they need to advocate for human health and the
prevention of harm.

Following her successful effort to prevent further
harm for families living in contaminated Love Canal,
Lois Gibbs founded CHE] in 1981 to continue the
journey. To date, CHE] has assisted over 10,000
groups nationwide. Details on CHEJ’s efforts to
help families and communities prevent harm can

be found on www.chej.org.



Introduction

The Center for Health, Environment, and Justice has developed this fact pack “Burning Rubber” on tire
incineration in response to numerous requests for information that we have had on this topic. This fact
pack includes three types of information:

e Selections from technical papers and statistics describing of tire-derived fuel (TDF)

e Reports and articles from community organizations that express their concerns and actions they
have taken to stop tire incineration

e News clips describing community struggles to address problems posed by tire incineration

We have included materials from nonprofit organizations, government agencies, consulting companies,
newspapers, and journals in an effort to provide a thorough introduction to the issues. We have
included the executive summary of technical reports that highlight what we believe is important
information.

We intend this fact pack to be a tool to assist you in educating yourself and others. We do not endorse
the conclusions of the government and consulting reports in this fact-pack. We’ve included them
because they provide valuable information describing the kinds of chemicals typically found when
incinerating tires and how the process impacts the surrounding community.

Our hope is that reading this fact pack will be the first step in the process of empowering your
community to protect itself from environmental health threats. CHEJ can help with this process.
Through experience, we’ve learned that there are four basic steps you’ll need to take:

1. Form a democratic organization that is open to everyone in the community facing the problem.
. Define your organizational goals and objectives.

3. Identify who can give you what you need to achieve your goals and objectives. Who has the
power to shut down the landfill? Do a health study? Get more testing done? It might be the head
of the state regulating agency, city council members, or other elected officials.

4. Develop strategies that focus your activities on the decision makers, the people, or person who
has the power to give you what you are asking for.

CHEJ can help with each of these steps. Our mission is to help communities join together to achieve
their goals. We can provide guidance on forming a group, mobilizing a community, defining a strategic
plan, and making your case through the media. We can refer you to other groups that are fighting the
same problems and can provide technical assistance to help you understand scientific and engineering
data and show you how you can use this information to help achieve your goals.

If you want to protect yourself, your family, and your community, you need information, but equally
important is the need to organize your community efforts.

Thank you for contacting us.
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Burnin’ Rubber: The
Dangers of Tire Incineration

In communities across the country. But,

many programs are coming to a dead-end
when confronted with what to do with automobile
tires. Estimates vary, but there is little doubt
that there are billions of discarded tires nation-
wide lying in huge piles with an estimated 200
million more tires being added each year.

Recycling efforts are reaching record levels

Some have suggested that the solution to this
problem is to burn the tires. In fact, burn them
and generate energy in a “Tire-to-Energy” or
“Tire-Derived-Fuel” plant. This idea is fast
becoming the latest “magic machine” or quick-fix
solution to this waste problem.

The leading proponent of burning tires is Oxford
Energy, Inc. of New York City. They market a
machine that burns tires using a West German
technology brought to this country in the mid-
1980’s. Since that time, Oxford has only man-
aged to site two plants. Their only operating plant
is in Modesta, California. A second plant is being
built in Sterling, Connecticut.

Why Not Burn Tires?

The main problem with burning tires is the toxic
emissions they generate. No form of incineration
is 100% effective. Whatever chemicals exist in
the tires will end up in the emissions. Among the
most common emissions are volatile organic
chemicals (VOCs) such as benzene, chloroform,
1,2-dichloroethane (DCE), methylene chloride
(MC), toluene, trichloroethylene (TCE) and xy-
lene, metals such as lead, chromium and zinc
and polycyclic aromatic hydrocarbons (PAHs)
such as benzo(a)pyrene, benzo(g,h,i)perylene and
phenanthrene. In addition, specific rubber com-
ponents such as butadiene and styrene are also
found in emission gases. Because many of the

chemicals contain chlorine, dioxins and furans
are also released from tire burning incinerators.
All of these VOCs damage the central nervous
system and the liver. Benzene, chloroform, 1,2-
DCE, MC and TCE cause cancer as does lead,
chromium and many PAHs. Butadiene is consid-

‘ered to be one of the most potent liver carcino-

gens ever observed. Dioxin is considered one of
themosttoxicchemicals evertested.

Not only do air emissions include toxic chemicals
present in the original waste, but they also
produce new chemicals that were not in the
original waste. These are called “Products of
Incomplete Combustion” or PICs.” Dioxins and
furans are the most common PICs.

These chemicals are found not only in emission
gases, but also in other pollution sources gener-
ated by the plant. These include the oily fluid
that remains after the burning is completed
(heated tires melt into from 3-10 gallons of
contaminated oil depending on the size of the
tire), residual ash, particulate ash captured by
air pollution control equipment and contaminat-
ed waste water also generated by pollution
control equipment and as ash quench water.

No Track Record on Emissions

Much of the information described above comes
from data collected from uncontrolled burning of
huge stacks of tires. There is very little data on
emissions from burning tires in “controlled”
incinerators. There are very few facilities in this
country that burn tires. According to Oxford, air
emissions include carbon monoxide, oxides of
nitrogen, sulfur dioxide, particulate and hydro-
carbons. In addition, Oxford estimates that 1.3
Ibs of mercury, 2.9 lbs of lead and 0.00003 lbs of
dioxins and furans will be released into the air
each day 560 tires are burned.

The Best of Science
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Incineration is a Poor Disposal Alternative

No matter how new and improved the technology,
burning tires is going to generate toxic emis-
sions. Emissions cannot be avoided because 1)
100% destruction cannot be achieved by incin-
eration; 2) combustion efficiency is very hard to
maintain because chlorine and metal content
can vary widely from tire to tire; 3) untrained and
inexperienced operators don’t know how to run
plants properly; 4) upkeep and maintenance are
often not a high priority; 5) pollution control
devices are not 100% effective no matter how
new and improved.

Like any machine, incinerators wear out and
break down with use. A new car doesn’t work as
well after 15,000 miles as it did brand new.
Likewise incinerators don’t work as well after
burning 500 tires/day for a year as they did brand
new.

Upset or failure conditions are another problem.
These conditions occur with all incinerators.
Failures result from loss of power, poor mixing,
equipment failures, burning waste with incon-
sistent heat value or high moisture content,
changes in pressure due to mixing reactive
wastes or quenching gases before combustion is
complete. Very little is known about these
events except you can expect them to occur
regularly and that emissions increase some-
times by as much as 100 fold. When you also
consider the fact that tire burner operaters have

little experience in operating the complicated
equipment used to burn tires, it becomes clear
that upset conditions are going to occur.

Tire incinerators pose another problem - where
do you store the tires until they are burned? In
Modesto, California, tires are burned whole so
they have a huge storage area. Tires can catch
on fire spontaneously posing severe risks to a
surrounding community. Uncontrolled open
burning generates the same chemicals already
described only in higher quantities. Stored
tires are also ideal breeding grounds for mos-
quitoes. Usually, stored tires are sprayed with
pesticides to kill the mosquitoes, adding an-
other ingredient to the tires that will end up in
the toxic emissions. If tires are shredded, the

. storage problem is reduced but not eliminated.

What Are the Alternatives to Burning?

While there is no simple solution to the stock-
piles of tires that exist, there are some good
alternatives that are not being used enough.
Some are better than others. These include
shredding and using tires as raw materials for
roads beds, combined with asphalt as a new
road top material or in cement, remanufacturing
into retreaded tires and other rubber products
such as floor mats, gaskets, sandals, shoe soles
and bumpers.

This article is a reprint, with some modifications, which originally
appeared in Everyone's Backyard, Vol.9, No. 3- June 1991
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ERIE COUNTY
DEPARTMENT OF HEALTH

ERIE COUNTY, PA

Andrew J. Glass, Director of Health Mark A. DiVecchio, County Executive

FOR IMMEDIATE RELEASE

July 1, 2009

By resolution of Erie City Council dated April 15, 2009, the attached statement was
made today to council by Paul Burroughs, Esq., chair of the Erie County Board of
Health.

I am Attorney Paul Burroughs, chair of the Erie County Board of Health. I am here today to
respond to your request that the board of health review the Inhalation Risk Assessment report of
ERE and make our findings know to the Erie City Council.

The Erie County Board of Health continues to have significant concerns regarding the
development and operation of a tires derived fuel plant in the county and specifically within the
city.

In October 2008, we formulated a resolution which was unanimously approved by all members
of the board. The resolution was based upon study and review of ERE application documents
and upon interviews with numerous scientists and practitioners representing the fields of
climatology, chemistry, wildlife biology, as well as several physician specialists. Additionally,
we reviewed a significant number of scientific articles and research papers all dealing with the
pollutants identified by Erie Renewable Energy and the PA Department of Environmental
Protection as criteria pollutants. We also reviewed numerous other albeit non-regulated
pollutants which will be pumped into the environments in which we live.

Our research has shown:

¢ ERE has estimated that, on average, 900 tons per day of tire derived fuel (TDF) would
be combusted at the facility.

¢ The combustion of the TDF will generate approximately 155 tons per day of ash.
There is no estimate of the emission of carbon dioxide. (Because CO?2 is one of those
non-regulated emission, yet, as we know, CO? is a primary cause of global warming.)

e There is no emission estimate given in the plan approved application for polyaromatic
hydrocarbons (PAHs). PAHs are a subset of volatile organic compounds (VOCs).
ERE has estimated that 27.5 tons per year of VOCs will be emitted per year.

606 W.Second St. Erie, PA 16507 . Tel. 814 / 451-6700 . Fax: 814 / 451-6767 . Website: http://www.ecdh.org
Our mission is to preserve, promote, and protect the health, safety, and well being of the people and the environment in Erie County.

Our Privacy Notice can be obtained by calling us or visiting our website.
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e There is no direct estimate of the amount of PM-2.5 emitted from the facility. ERE will
most likely be required to conduct a stack test for filterable PM-2.5 as part of the plan
approval.

¢ Nitrous and sulfur oxides produced contribute to acid rain.

e Mercury compounds concentrates in the lake/water and benthos, bioaccumulates and
biomagnifies through the food chain. Even the smallest amount of Mercury is harmful
to humans, fish and animals.

(January 2009 New England Journal of Medicine) scientific study has proven:

e There is direct relationship between the level of fine-particle pollutants in the air
people breathe and life expectancy in cities across the United States.

¢ Reducing the average level of fine-particle pollutants — the most damaging kind —
by 10 micrograms per cubic meter of air adds about seven months of life
expectancy, according to the study of 51 metropolitan areas from Portland, Wash.,
to Tampa Bay, Fla.

(2006 Air and Waste Management Association)

e Despite important gaps in scientific knowledge and continued reasons for some
skepticism, a comprehensive evaluation of the research findings provides
persuasive evidence that exposure to fine particulate air pollution has adverse
effects on cardiopulmonary health.

e Since 1997, there has been a substantial amount of research that added to the
evidence that breathing combustion-related fine particulate air pollution is harmful
to human health.

e Tires contain around 20 different metals most of which have effects on humans,
aquatic life and animals.

(2002 Environmental Health Perspectives)

¢ The magnitude of the association between particulate pollution and daily deaths
suggests that controlling fine particle pollution would result in thousands fewer
early deaths per year.

(Circulation 2008)

e Studies show an association between long-term air pollution and well-established
quantitative measures of atherosclerosis. Biological plausibility for a causal
relationship between air pollution and atherosclerosis is supplied by animal studies.

(Environmental Science Technology 2006)

e Ultrafine particles are emitted preferentially and exhibit the longest atmospheric
residence time.
e  “Atmospheric PM has been liked with adverse effects on human health.”

(Environmental Science and Technology 2001)
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¢ During their migration through the air, PAHs can undergo environmental factors

which transform them into products in some cases more dangerous than the
originally released. PAHs or their derived compounds can get into water and soil
being assimilated by the different organisms (plants, animals, fish, etc.) existing in
the corresponding ambient. As result and due to the biological cycle at which living
species are submitted, PAHs and derived compounds can get into the human body
more or less directly, by ingestion, inhalation, or contact with the skin forming
adducts which could alter the regular behavior of cells.

JAMA 2002)

¢ Long-term exposure to combustion-related fine particulate air pollution is an
important environmental risk factor for cardiopulmonary and lung cancer mortality.

Based upon these and numerous other research findings, our resolution recommended four steps
are taken:

1) that an independent risk assessment of the long term operation of this plant on the
health, safety and welfare of the people and the environment be required as a part of the
review process by the Pennsylvania Department of Environmental Protection;

2) that the developer provide to the Board of Health and the Erie community the design
of the risk assessment and the raw data following the assessment as well as the report
itself and all supporting data;

3) that specific reference to current research regarding polycyclic aromatic
hydrocarbons (PAH’s) and the specific emissions of this plant be addressed within the
assessment;

4) that specific reference to current research regarding ultrafine particulate matter (less
than 2.5 microns in size) and the specific emissions of this plant be addressed within
the assessment.

We have subsequently reviewed the ERE submitted assessment and find that the report closely
follows the regulated parameters of the DEP and verifies that operations of the plant would be
within those guidelines. The report does not offer any interpretive data and corresponding
affects on health. The report also does not address our request for raw data and other specific
components of our resolutions. There is a noticeable absence in the report of the public health
effects of (known) non-criteria pollutants.

The Board of Health shares the opinions and findings of the Erie County Medical Society. We
recognize that the operation of this plant will significantly raise the pollutants being emitted into
our air, our ground and our water. According to the literature, the pollutants, both criteria and
non-criteria, will have a measurable, definite negative impact on the health of the residents of the
City of Erie, the County of Erie and surrounding populations.

The Board of Health is even more concerned when we see and are told that the current regulatory
process has such a difficult time monitoring and enforcing pollution controls at a neighboring
facility which has been operating out of compliance for years, namely Erie Coke. All the while,
while we had been being assured by DEP that Erie Coke was operating within regulatory
compliance, large amounts of non-compliant discharges are finding their way into our
environment.
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You should also be aware that the Board of Health requested assistance from the PA Department
of Health. As a result, the Bureau of Epidemiology and the Agency for Toxic Substances and
Disease Registry is currently reviewing all submitted data and considering the health impacts of
the proposed plant. The Department of Heath is in contact with the DEP and has assured us that
this review will be complete and submitted to the Erie County Department of Health and the
DEP prior to any final decision being made by the DEP. The resultant assessment documents
will provide information regarding potential exposures and probable adverse health effects
associated with such levels of exposure to various compounds.

At this time, based upon the information which we have been provided, the opinion of the Erie
County Board of Health is that the operation of the proposed ERE facility will pose a definite
short term as well as long term negative health risks and consequences upon the residents of Erie
County. The operation of this plant will also pose a negative risk and consequences to the
quality and health of the environment of Erie County.
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Letters to the Editor

The Meadville Tribune

947 Federal Court

Meadville, PA 16335
trinune@meadvilletribune.com

July 5, 2010

I am writing in response to an op-ed piece by Gary DeSantis entitled “Tired Of Lame Pollution
Predictions.”

Opponents of the proposed tire-to-energy plant originally planned for Erie and now planned for Meadville
have sound reasons for their concerns. It is not fear-mongering, it is based upon sound scientific evidence.

Tire-derived fuel does NOT burn cleaner than coal. It is really that simple.

Smaller, lower molecular weight, carbonaceous molecules, such as methane (CH4) with its single carbon
atom and four hydrogens, are the cleanest burning fuels. Since there are fewer chemical bonds, there is a
greater likelihood that the fuel will completely oxidize, which is the ultimate purpose of the combustion
process. As the complexity and the molecular weight of the fuel increases so does the plethora of products
from the combustion process, i.e., what we refer to as “pollution.” Thus, methane burns cleaner than
gasoline (a mixture of hydrocarbons with anywhere from five to twelve carbons), which, in turn, burns
cleaner than coal. (Coal is a complex fuel with no specific chemical formula but on average contains
about 150 carbon atoms.)

Tires are mainly formed from natural and synthetic rubber, a high molecular weight, polymeric material.
Polymers are long chains of repeating units (picture a train formed from hundreds of individual train
cars), which can be anywhere from hundreds to thousands to hundreds of thousands of carbons in length,
such as is the case of the rubber in tires. Tire-derived fuel will produce more emissions and a greater
variety of emitted compounds than does coal because of the increased complexity of the composition, or
chemical make-up, of the fuel.

Furthermore, studies conducted by the Mastral research group and published in well-respected, peer-
reviewed scientific journals between the years 1999 through 2003 have all concluded that under a wide
range of combustion conditions the highest Polycyclic Aromatic Hydrocarbon (PAH) emissions were
produced when using tires as a fuel as compared to coal or even coal-tire mixtures. These studies were
conducted using the same fluidized bed combustor as that being proposed for the Meadville plant.

PAHs are a group of compounds whose toxicity, owing to their mutagenic and carcinogenic properties, is
extremely well-documented. Members of this group, and a related group of compounds the
Dioxins/Furans, which will also be released from the proposed facility, can start to have an impact upon
ecosystem health at the part per trillion level. Air pollution control devices do not work down to this level.

Having taking the time to seek out and review these studies, [ would be happy to supply electronic
versions to anyone interested in reading them. I have done so for both the Erie and Buffalo-Niagara
sections of the Sierra Club, the Erie County Health Department, and for KEEP, the citizen’s action group
that formed in order to fight the establishment of this plant in Erie. It is based upon these studies, as well
as numerous discussions with respected scientists in various fields of expertise (air quality, human health
impacts, environmental scientists, etc.) , that ALL of these groups have issued statements and reports in
opposition to this facility. I am certain that electronic versions of these reports, along with their cited
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sources, are also available to anyone person looking to understand the scientific basis for the concerns
surrounding this facility.

History has shown us time and again that corporations only have short-term vision, focused solely upon
quarterly profit that neglect the very real, long-term impacts of their processing. Look at what is
happening in the Gulf of Mexico right now, not to mention Love Canal, the Berkeley Pit, the recent
explosion of a Marcellus Shale rig, the West Valley Nuclear Repository, the legacy of mercury
contamination in our Great Lakes owing to our industrial past and the perpetual violations of Massey
Energy with regard to their Mountain Removal coal mining (that led to the deaths of 17 miners a few
months ago), to name but a few examples. Do you see any of the corporation CEOs living near these
sites? Would they? No. Because given the money they will move far away from the very environmental
degradation that they help to create. This is the hard reality. It is called ‘Environmental Justice’- the very
real, scientifically proven fact that the people that are paying the price with regard to environmental
degradation are the poorest members of our society because they are the ones to welcome any
corporation, any job, without understanding the long-term consequences of those choices. What good is a
job if you and your children and your children’s children are dying of cancer? Many of the very jobs
people fight for (like those being offered by this proposed plant) don’t even provide adequate health
insurance to cover the environmental impact the job they are providing will have on the people working
there, more or less all the innocent people who are not working there but nevertheless live in the wake of
the facility.

Government agencies like the PA Department of Environmental Protection (DEP) are limited by what
they can do. If a corporation turns in the proper paperwork and promises within that paperwork that it will
operate safely, the DEP has to issue the permit. The opinions and desires of the community are not taken
into account. The only recourse with regard to permitting is to find an issue with the paperwork as
providing opposing scientific evidence has no bearing. The preponderance of corporations that pay
DAILY fines to the DEP and the EPA owing to environmental violations (case in point the recent ruling
against Erie Coke) provides the reality behind the smoke screen issued as part of the permitting process:
corporations pollute and they don’t care about the impact of that pollution on the surrounding community-
they care about profit, even if that profit comes at the expense of people and of the Earth, our life-giving
planet.

This is reality. It is the cold, hard, bare truth based upon science and history. We, as a people, have to see
it, have to face it, and have to move forward with this understanding. This proposed plant does not
represent a move forward- it is not even renewable energy since half of a tire is petroleum-based- it is a
move back to our industrial and dirty past. With the facts and the lessons-learned as our foundation it is
time to move forward by staving-off the temptation that this plant offers and looking for a truly renewable
energy source and the clean jobs that come with it.
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Dr. Sherri A. Mason is an Associate Professor of Chemistry, coordinator of the Environmental Sciences
program, and coordinator of Community-Based Research at SUNY-Fredonia. Having recently spent her
sabbatical leave at the Air Pollution Research Center on the University of California at Riverside campus,
her research is focused upon the influence of combustion emissions on local-to-regional scale
atmospheric chemistry. Her work has been supported by the Great Lakes Commission, the National
Science Foundation, and the NASA Earth System Science Fellowship program.
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TIRES AS A FUEL SUPPLEMENT
FEASIBILITY STUDY |

Report to the .L’egislature
January 1992

CALIFORNIA INTEGRATED WASTE MANAGEMENT BOARD
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- Preface

This report is on the feasibility of using

waste tires as a fuel supplement for cement kilns,
lumber operations, and other industrial processes.

It has been written in consultation with the
California Air Resources Board (CARB) and
the California Energy Resources Conservation

and Development Commission (CEC) to fulfill -
the reporting requirement of Assembly Bill 1843

of 1989 (Chapter 35, Statutes of 1990, now codi-
* - fied as Public Resources Code §42800.et seq.).. - -

Disclaimer

_ The statements and conclusions of this report

are those of the California Integrated Waste
Management Board. The report was made
available for public review and comment (at a

workshopheld on December 18, 1991) before

adoption by either the California Integrated
Waste Management Board or the State of
California. The State makes no warranty,
express or implied, and assumes no liability for
the information contained in the succeeding
text. Any mention of commercial products or
processes shall not be construed as an endorse-
ment of such products or processes. '

¢



with virgin rubber. Also, reclaimed rubber has lower
elastic properties. Because of these factors, litle
reclaimed rubber is used by the tire manufacturing
industry where about 70 percent of all the virgin
rubber produced is consumed. Until the quality can
be improved, the majority of the reclaimed rubber

produced will be used as a filler material or by indus-

tries with lower quality requirements than tire
.manufacturers (Sladek, et al., 1989). Because over-
all demand will be low without the tire manufactur-

ing market, the use of reclaimed rubber is not likely
-to account for a significant number of tires.

The addition of tire rubber to asphalt binders or .
asphalt concrete may impede or prevent these
asphalt pavements from being recycled. Asphalt
pavement is recycled by being ground for use as
an aggregate in new asphalt concrete. The effects
of tire rubber in recycled asphalt concrete is a
concern of both the Federal Highway Administra-
tion and CalTrans (Doty, 1991).

3.3° POTENTIAL ENVIRONMENTAL
IMPACTS

Potentlal impacts on public health and the envi-’
ronment are impediments to the uses of waste
tires. The potential impacts include air emissions
from the combustion of tire rubber, surface and
ground water contamination from harmful
constituents leached from tire rubber, and wastes
and by-products from combustion or processing.

Much of the following discussion on air emissions-
- was provided by the CARB.

3.3.1 Air Pollutant Emissions
The emissions from substituting tires for a portion of

the fuel bumed in new or existing facilities are likely 'l

to vary depending on the type and design of facility,

type of primary fuel being burned, percent of primary -

fuel being replaced with tires, air pollution control
equipment, and other factors (see Malcolm Pirnie,
1991). In cement kilns, where the fuel is burned in
contact with the cement feedstock (lime, silica,

- alumina, and iron), emissions are also affected by the
feedstock components
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Burning tires can result in emissions of criteria pol-
lutants such as carbon monoxide (CO), nitrogen

. and sulfur oxides (NOx and SOx), particulate mat-

ter (PM), hydrocarbons (HC); and noncriteria
pollutants such as arsenic, cadmium, chromium,
lead, zinc, dioxins and furans, polycyclic aromatic
hydrocarbons (PAH), polychlorinated biphenyls
(PCB), benzene, and other organic compounds.
These pollutants are also emitted from combustion

. of other fuels, such as coal, the primary fuel for

cement kilns. The quantity of emissions from burn-
ing tires as a supplemental fuel, and the relative
emissions compared to operating the facility without
this supplemental fuel, can only be determined by
emissions testing. Comparing the composition of
fuels, however, can give an indication of likely
relative emissions. Refer to Appendix A for a com-
parison of the compositions of tires, western coal,
MSW and RDF, and biomass.

The heating value of tires is comparable to that
of coal and two to three times that of MSW,
RDF, or biomass. Tires typically have higher sul-
fur concentrations than these other fuels, with
the exception of many mid-western and eastern
coals. Chlorine, a precursor to hydrogen chloride
(HCI) and dioxin emissions, is higher in tires
than in western coal, but lower than in MSW or
RDF. Of the metals found in MSW and RDF,

all metals except zinc appear to be in lower con-

‘centrations in tires. Tires and western coal are

more similar in metal content, although zinc and
lead are substantially higher in tires, and some
other metals such as arsenic are somewhat lower
in tires. The effect on emissions of these differ-
ences in fuel composition can be moderated by
the volatility of the metal, percent of each type
of fuel burned, the pollution control equipment,
facility design and other factors, and can only be
confirmed by emissions testing.

Cement Kiins

Dry process kilns built since 1979 are commonly
of the preheating and precalcining design. This
type of system allows the sensible heat in the kiln
exhaust gases to dry, and to partially calcine, the
raw material before it enters the kiln. In this type
of-system, fuel is fired in both the precalciner as
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‘well as the kiln. Because heat transfer in a pre-
heater is much more efficient than in the preheat-
ing zone of a kiln, preheating and precalcining
type systems are also much more energy efficient.

Particulate matter is the primary emission from
the manufacture of Portland cement. Emissions
also include the normal products of combustion of
- the fuel used in the kiln and drying operations.
The largest single source of emissions is the kiln,
which may be considered to have three units: the

feed system, the fuel firing system, and the clinker

cooling and handling system. The most desirable

method of disposal of the dust collected by a par- - . were also similar for both firing scenarios. The " _ . = _

ticulate control system is injection into the kiln
combustion zone for inclusion in the clinker. If
the alkali content of the raw material is too high,
however, some of the collected dust is treated .
before its return to the kiln, or sold as a by-
product, or discarded. Due to the complexity of

- modern kiln operation, and the large volume of
materials being handled, many types of particu-
late matter control systems are used. Typical con-
trol systems include cyclones and baghouses or
electrostatic precipitators. Refer to Figure 2-1 for
an illustration of a typical cement kiln process.

 Three cement kilns in the state have burned tires -
as a supplement to coal. Calaveras Cement in
Redding burns tires on a permanent basis. The
other two (RMC Lonestar, Davenport, and
Southwestern Portland, Victorville) have per-

~ formed test burns as part of the permit modifica- -
tion process and to obtain data needed to decide
whether it is feasible and cost efféctive to bum
tires. Each of these existing coal-fired cement
kilns is of the preheating and precalcining design. .
To best evaluate the impact of burning waste tires
as a supplement to coal-firing; data is needed dur-
ing both fuel-firing scenarios at each facility (i.e.
coal-only and coal-with-tires). Although coal-
only data is not available for the Calaveras
Cement facility, data is available for both fuel-
firing scenarios for the remaining two facilities.
Both facilities were required to conduct testing
for certain toxic air pollutants pursuant to the
requirements of the Air Toxics “Hot Spots” Act
(Health and Safety Code §44300 et seq.). This

‘testing was conducted in 1990 at both facilities

!
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‘while firing coal only. Since that time each

facility has repeated the testing while firing both
coal and tires simultaneously. Descriptions of
each facility and summaries of the available test-
data appear in Appendix B.

The results of air pollutant emissions testing at
RMC Lonestar and Southwestern Portland indi-
cate that burning 18 to 25 percent tires (on a

. total heat input basis) as a supplement to coal in

a precalcining type of cement kiln does not result
in any appreciable difference in toxic air emis-
sions. The results of criteria pollutant testing

tests showed a 22 percent decrease in NOx emis-
sions with the use of tires as a supplement to coal;
however, the variation of NOx emissions is
significant during normal operations. Long-term
continuous emissions monitoring is necessary to
verify the criteria pollutant emissions. While no
coal-only data are avallable from Calaveras, con-
tinuous emissions monitoring for January to
August, 1991, indicate that criteria pollutant
emissions from co-firing about 22 percent TDF
with coal at this facility are in the expected range
(see Appendix F). Table 3-1 presents criteria pol-
lutant emissions obtained during coal-only, and
coal-with-tires firing scenarios for RMC Lonestar
and Southwestern Portland.

In order to provide a preliminary assessment of
the potential public health impact of burning
tires as a supplemental fuel, the CARB used the

- Lonestar and Southwestern data in a screening air

quality dispersion model and health risk assess-
ment procedure. This assessment was a screening
analysis only, not a refined risk assessment. The
results of these analyses indicate no significant

“differenice in risk from burning tires as compared

to coal-only firing at-these facilities. The results

- of the screening risk analyses are included in

Appendix C. - . ~

Wood Fired Boilers

Several wood fired boiler facilities in California
have tried using chipped tires as a supplemental

. fuel.- For various reasons, none of these facilities

has used tires on a regular basis. Most of the
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COMPARISON OF EMISSIONS FROM CALIFORNIA CEMENT KILNS
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RMC Lonestar " Southwestern
Davenport, 1 Victorville, 2
Coal TDF Percent Coa! .TDF Percent
Fired Coired Change Fired Co-Fired Change
" Test Date 4/90 12/90 3790 491
Percent TDF 0 18 0 25
{of tota! heat input)
NOx {as NO,) :
Ibfnr 207 162 22 626 488 22
Bbon clinker 2.1 1.6 53 4.2
Ib/MMBTU 0.59 0.46 1.5 1.2
Permit Limit 250 tb/hr {note 1)
: {24 hr. ave.)
50, _ :
b/mr 43 45 *5 4.0 0.3 93
ib/on clinker 0.43 045 : 0.034 0.0026
Ib/MMBTU 012 0.13 0.0096 0.00072
Permit Limit 250 Ib/hr {note 1)
: (24 hr. ave.)
co
bmhr 257 244 5 250 538 +115
ib/on clinker 25 24 2.1 46
ib/MMBTU 0.73 0.70 0.60 1.3
Permit Limit NA2 NA {note 1) '
Total Particulates
Ib/mr - NA NA NA 11.0 6.3 43
ib/ton clinker NA NA 0.094 0.054
b/MMBTU NA NA 0.026 0.015
Permit Limit 40 Ib/Mr {note 1) ’
THC (as methane)
Ib/hr NA NA NA 11.5 6.40 44
Ib/ton clinker NA NA 0.098 © 0.05
" tb/MMBTU NA NA 0.028 0.02
Permit limit NA NA {note 1)

Notes:

1 Facility permit limits are for combined emissions which include kilns 1, 2, 8 and 9.
2 NA means data are not available.
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problems were related to increases in particulate
matter emissions; however, one traveling grate
boiler experienced operational problems due to

-slag formation from the steel wire in tires. There

" are little emissions data available from these

operations.

One evaluation was performed in 1982 of the
impact of supplementing hogged-fuel with shred-

" ded rubber tires in various percentages of fuel -

input at Roseburg Lumber Company in Ander-
son. A summary of test results appears in Appen-
dix D. The addition of as little as three percent

shredded tires caused PM-emissions to almost .- - -

double, with the majority of the increase attribut-
able to lead and zinc oxides. The addition of tires
also resulted in increased nitrogen oxide and sul-

fur oxide emissions. Although the increases were

- appreciable, the increase in particulate matter

was the limiting factor in permitting long-term
operation. Subsequent to this evaluation, the
facility’s permit was modified to burn three to five
percent of fuel as tires. According to the facility
operator, however, they stopped burning tires in
1987 because of environmental reasons (CARB
1991b).

Staff of the air pollution control districts who
were contacted have indicated that other biomass
facilities which have tried burning small amounts
of chipped tires expenenced similar problems
with particulate emissions; however, facility and

-equipment descriptions are not available, and
operating parameters are unknown. Thereareno

California biomass facilities known to be cur-
rently burning tires as a supplemental fuel.

Comparative air emissionis of some criteria pollut-
ants and metals from two U.S. pulp and paper
mills are summarized in Appendix E.- Emissions
of nitrogen oxides, sulfur oxides, particulate mat-

-ter, and total hydrocarbons showed no significant

change when burning up to 14.5 percent dewired
TDF during tests conducted in 1989 at Champion
International in Bucksport, Maine (refer to Sec-
tion 2.4.2 for facility information). The primary
fuels used are a combination of fuel oil, biomass,
coal, and non-Kraft process wastewater sludge.
Particulate emissions are controlled by an ESP.
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’

Emissions of beryllium and chromium decreased,
while emissions of cadmium and zinc increased.

: L o
Emissions of PM and some PAH showed signifi-
cant increases at Port Townsend Paper Company
in Port Townsend, Washington, during tests con-
ducted in 1986. Air pollution control equipment
included a multiclone and a venturi scrubber,

but no higher-efficiency particulate controls such -
as a baghouse or an ESP. The primary fuels

. burned are a combination of wood and fuel oil.

When oil was replaced with about five percent
TDF (by heat input), an increase of 26 percent

in particulate emissions was observed. Emissions -

of barium, cadmium, chromium, lead, and
vanadium, however, were reduced by 36 to 99
percent. Zinc emissions dramatically increased as
expected. Most PAH emissions showed no
significant change with the excepnon of four

compounds.

Performance and air pollutant emissions tests
will need to be conducted prior to using tires as a
fuel supplement at any facility. Results of these
tests would be used to determine whether or not
TDF is a compatible fuel for these facilities, with
consideration for process performance, econom-
ics, and environmental impacts. It may be
possible for some biomass facilities which are
equipped with adequate emissions controls to
burn a small amount of TDF without significant
environmental impacts (refer to Section 2.4.3). -

Future studies to analyze such impacts should be

closely coordinated with the local air pollutnon
control district and the CARB. :

Asphait Production

Another potential source of air emissions associ-
ated with waste-tire rubber use is hot mix asphalt
facilities. Tire rubber is heated and mixed with
the bitumen binder often with the addition of

"additives (US EPA, 1991). Air pollutant emis-

sions from the production of asphalt concrete

may be increased due to the addition of tire rub-
ber (or any petroleum derivative) to the bitumen
binder. Emissions are also released during the _
application of asphalt concrete (with or without
tire rubber) Further testmg is needed to deter-



mine if any significant difference exists between
RUMAC or AR and conventional asphalt con-
crete.

According to the Congressional Record, the

Canadian Government has completed a study on
AR and RUMAC (unavailable at this time) that

indicates no additional risk due to the use of tire
rubber (Congressional Record, 1991).

The Asphalt Rubber Producers Group supported
an ambient air sampling program to evaluate
emissions from asphalt-rubber paving. Data was
compared to background concentrations of the
South Coast Air Basin compiled by the South
Coast Air Quality Management District. The
following conclusions are based on the documen-

, tation from the sampling program (Roberts
Environmental Servnces, 1989).

© Volatile organic sample analysis indicated
low or average concentrations compared
to background concentrations.

o Formaldehyde and sulfur dioxide samples
collected represent “good air quality” in
the South Coast Air Basin.

‘o Numerous exceedances in opacity; based
_ on South Coast Air Quality Visible Emis-
sions rule 401, were recorded.

o Meteorological conditions during the tests
appeared quite typical of conditions ex-
. pected for higher emissions in the South
Coast Air Basin. ' .

Transportation and Processing

Waste tire use can also indirectly cause air emissions
from the increased amount of transportation needed
to haul tire material to processors and also from the
equipment required to process whole tires. Tradi-
tional types of aggregate are often acquired locally
for each paving job.

Emissions from the transportation of waste tires are
attributable to internal-combustion-engine exhaust
(mainly diesel engines). Tractor trailer hauling is

Tire Incineration FP 2_1

the most common form of transportation for tires
(whole or shredded). Much tansportation, how-

ever, is done by light and medium trucks, and rail

hauling is also an alternative.

Similarly, the emissions from tire processing equip-
ment result from diesel engine exhaust from shred-
ders and cluppets. Types of emissions generated are
carbon monoxide, nitrogen oxides, sulfur oxides,
particulate matter, and other preducts of incomplete
combustion.

3.3.2 Surface and Ground Water
Contamination

" Many uses of waste tires may create potentially

harmful constituents (primarily metals and PAH)
which can be leached into the environment
(surface and ground water supplies). Potential
sources include tires used in reefs and break
waters; road base, bulking agents in sludge com-
posting, playground cover, and soil amendments.

As mentioned in Section 2.3.2, a study conducted
for the Minnesota Pollution Control Agency
found that metals and PAH are leached from tire
rubber under certain conditions. Metals were

~ leached in the highest concentrations under

acidic conditions, while PAH were leached in the
highest concentrations under basic conditions.
Water samples collected for the study were found
to exceed the recommended allowable limits for
barium, cadmium, chromium, and lead, while
background samples did not (Twin City Testing
Corp., 1990). Asphalt materials, however, may
leach higher concentrations of the constituents
under certain conditions.

As discussed in Section 2.3.3, the EPA evaluated
tire chips as an alternate bulking agent in sewage
sludge composting. ‘According to the EPA,
“Heavy metal levels increased during composting
with raw primary sludge and rubber chips as a
result of the concentrating effect of organic mat-
ter decomposition. In addition, the shredded rub-
ber chips contributed Zn and Fe [zinc and iron] to
the finished compost.” The levels would not
limit the use of tire chips in sewage sludge com-
posting (Higgins, 1987).
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" _ forrecycling or disposal.

;.
The Tire Pond a North Haven, Connecticut
firm, stores waste tires in a 30-acre lake. Twice a
year, the water quality of the lake and surround-

_ ing graund water is determined through sampling

* . of the lake and three wells. Based on reports from

1988 and 1989, there do not appear to be any
significant changes in surface or ground water
quality attributable to the stored tires. Test

- samples showed increased levels of iron, zinc, and
sulfate; but, because of the high degree of indus-
trialization in the area, it was difficult to deter-
mine the source of contaminants (Environmental
Consulting Laboratory, 1988-1989 Tu’e Salvage,
Inc., 1990) -

Due to the differences in test subjects, methods,
and objectives, no factual conclusions can be
determined except that potentially harmful con-
stituents from tire rubber can leach into the
‘environment under specific conditions.

3.3.3 Wastes and By-Products

. Industries other than cement kilns which use
waste tire rubber as a fuel may generate wastes or
by-products which are contaminated. Bottom ash
and fly ash generated at combustion facilities
using waste tire rubber may be contaminated with
heavy metals or other constituents.

" Because fly and bottom ash from biomass combus-
tion facilities are often used as a soil conditioner
on agricultural land, potential contamination due
to tire-rubber combustion may limit the use of
the ash. If found to be contaminated, the ash
may be classified as hazardous waste and require
treatment or disposal in a Class 1 landfill. Be-
cause of these and other concerns; biomass facil-
ity owners may be hesitant to use a significant

‘amount of waste tire rubber as a fuel supplement.

Wastes and by-products are also generated by
_waste-tire processing industries including buffing
and granulated rubber production. Due to the
nature of production buffing operations, the tire
carcass is not used and requires disposal. Granu-
- lated rubber production, using ambient or
cryogenic processing, leaves the steel and fabric
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3.4 ECONOMIC ISSUES

Economic impediments to the use of waste tire
rubber are the costs of collection, transportation,
preparation, and capital and operating expenses.
Development of markets for new products and
competition with existing processes, matetials,
and products have also econormcally unpeded
waste tire use.

Scrap tires should be considered a resource rather

than a waste material. Technically, there are .
many methods available to recycle tires. There

- must, however, be a consideration of economics, - - -

which is strongly driven by market conditions,
because a reuse or recycling option will only be
realistic if it is economically competitive with
other products or materials. :

3.4.1 Collection and Transportation Costs

Tires are collected from dealers and service stations
by tire jockeys (people who collect, sell, and dispose
of used tires) for a fee of $.35 to $1.25 for light- -
duty tires and $.65 to $6.00 for heavy-duty tires
(NTDRA, 1990). The tire jockeys sell as many tires

~ aspossible to tire retreaders and other tire processors

to generate another source of income. Ultimately,
the remaining tires are landfilled, smckplled ex-
ported, or illegally dumped. -

The cost of transportation to a waste tire user may
be an economic barrier to the use of waste tires: Due
to factors such as labor, truck maintenance, fuel
requirements, and profit margins, trucking firms may
charge as much-as $.75 per tire. Maak tire, a

~ Spokane, Washington-based firm, charges approxi-

mately $.50 per tire, or about $500 per semi-load
(Pyro Recovery and Huston Trust, 1990). Calaveras

" - Cement Company in Redding, California, pays

approximately $1.35 per mile for delivery of a load of
whole or shredded tires (Siemering, 1991). Consoli-
dated Environmental Industries (CEI), a West
Sacramento-based mobile tire shredding company,

is charged $65 per hour (about $.06/tire/hour) for
transportation of ten tons of shredded tires to either
a company-owned monofill or a public landfill. CEI
must also pay a tipping fee of $75 per load (about .
$ 07/t1re) at the monoﬁll or $140 per load (about
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Combustion
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Two to three billion (2-3x10°) scrap
tires are in landfills and stockpiles
across the United States, and approxi-
mately one scrap tire per person is
generated every year. Scrap tires rep-
resent both a disposal problem and a
resource opportunity (e.g., as a fuel
and in other applications). Of the many
potential negative environmental and
health impacts normally associated
with scrap tire piles, the present study
focuses on (1) examining air emissions
related to open tire fires and their po-
tential health impacts, and (2) report-
ing on emissions data from well de-
signed combustors that have used tires
as a fuel.

This Project Summary was developed
by the National Risk Management Re-
search Laboratory’s Air Pollution Pre-
vention and Control Division, Research
Triangle Park, NC, to announce key
findings of the research project that is
fully documented in a separate report
of the same title (see Project Report
ordering information at back).

Introduction

Air emissions from two types of scrap
tire combustion are addressed: uncon-
trolled and controlled. Uncontrolled
sources are open tire fires, which produce
many unhealthful products of incomplete
combustion and release them directly into
the atmosphere. Controlled combustion
sources (combustors) are, for example,
boilers and kilns specifically designed for
efficient combustion of solid fuel. Com-
bustor emissions are much lower and more
often than not, these sources also have
appropriate add-on air pollution control

equipment for the control of particulate
emissions.

Very little data exist for devices that use
scrap tires for fuel, but are not well-de-
signed. These sources include fireplaces,
wood stoves, small kilns, small incinera-
tors, or any device with poor combustion
characteristics. Air emissions from these
types of devices are likely between that of
open burning and a combustor. However,
there is serious concern that the emis-
sions are much more similar to those of
an open tire fire than a combustor.

Open Tire Fires

Air emissions from open tire fires have
been shown to be more toxic, (i.e., mu-
tagenic) than those of a combustor, re-
gardless of the fuel. Open tire fire emis-
sions include “criteria” pollutants, such as
particulates, carbon monoxide (CO), sul-
fur oxides (SO,), oxides of nitrogen (NO ),
and volatile organic compounds (VOCs).
They also include “non-criteria” hazard-
ous air pollutants (HAPs), such as poly-
nuclear aromatic hydrocarbons (PAHS),
dioxins, furans, hydrogen chloride, ben-
zene, polychlorinated biphenyls (PCBs),
arsenic, cadmium, nickel, zinc, mercury,
chromium, and vanadium. Both criteria and
HAP emissions from an open tire fire can
represent significant acute (short-term) and
chronic (long-term) health hazards to
firefighters and nearby residents. Depend-
ing on the length and degree of exposure,
these health effects could include irritation
of the skin, eyes, and mucous membranes,
respiratory effects, central nervous sys-
tem depression, and cancer. Firefighters
and others working near a large tire fire
should be equipped with respirators and
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dermal protection. Unprotected exposure
to the visible smoke plume should be
avoided.

Data from a laboratory test program on
uncontrolled burning of tire pieces and
ambient monitoring at open tire fires are
presented and the emissions are charac-
terized. Mutagenic emission data from
open burning of scrap tires are compared
to other types of fuel combustion. Open
tire fire emissions are estimated to be 16
times more mutagenic than residential
wood combustion in a fireplace, and
13,000 times more mutagenic than coal-
fired utility emissions with good combus-
tion efficiency and add-on controls.

Table 1 lists 34 target compounds rep-
resenting the highest potential for inhala-
tion health impacts from open tire fires.
The list was developed by analyzing labo-
ratory test data and open tire fire data
collected at nine tire fires. The list can be
used to design an air monitoring plan in
order to evaluate the potential for health
risks in future events.

Methods for preventing and managing
tire fires are presented. Recommenda-
tions are presented for storage site de-
sign, civilian evacuation, and fire sup-
pression tactics. For example, tire piles
should not exceed 6 m (20 ft.) in height;
maximum outside dimensions should be
limited to 76 m (250 ft.) by 6 m (20 ft.).
Interior fire breaks should be at least 18
m (60 ft.) wide. Civilians should be
evacuated when they may be subject to
exposure by the smoke plume. Fire sup-
pression tactics are site and incident-
specific and firefighters should have spe-
cialized training to deal effectively with
them.

Other Impacts from Open Tire
Burning

The scope of this report is limited to
airborne emissions. However, significant
amounts of liquids and solids containing
dangerous chemicals can be generated
by melting tires. These products can pol-
lute soil, surface water, and ground water
and care must be taken to properly man-
age these impacts as well.

Controlled Combustion

The results of a laboratory test pro-
gram on controlled burning of tire-derived
fuel (TDF) in a Rotary Kiln Incinerator
Simulator (RKIS) are presented. Natural
gas was the primary fuel, supplemented
by TDF. In all, 30 test conditions were
run, with the TDF feed rate varying from
0 to 21.4% of heat input. The test condi-
tions were achieved by varying kiln firing
rate, combustion air flow rate, and tire
feed rate. The majority of the tests were
conducted with a steady-state feed of
TDF. However, variations in the mode of
TDF feeding were simulated in two tests
to evaluate the impact of transient opera-
tion on air emissions.

Based on the results of the RKIS test
program, it was concluded that, with the
exception of zinc emissions, potential
emissions from TDF are not expected to
be very much different than from other
conventional fossil fuels, as long as com-
bustion occurs in a well-designed, well-
operated and well-maintained combustion
device. However, as with most solid fuel
combustors, an appropriate particulate
control device would likely be needed in
order to obtain an operating permit in
most jurisdictions in the U.S.

Test data from 22 industrial facilities
that have used TDF are presented: 3
kilns (2 cement and 1 lime) and 19 boil-
ers (utility, pulp and paper, and general
industrial applications). All sources had
some type of particulate control. A sum-
mary of criteria emissions data from seven
utility boilers that have burned various
amounts of TDF in addition to their main
fuel supply is presented in Table 2. In
general, the results indicate that properly
designed existing solid fuel combustors
can supplement their normal fuels, which
typically consist of coal, wood, coke,
and various combinations thereof, with
10 to 20% TDF and still satisfy environ-
mental compliance emissions limits. Fur-
thermore, results from a dedicated tires-
to-energy (100% TDF) facility indicate
that it is possible to have emissions
much lower than produced by existing
solid-fuel-fired boilers (on a heat input

basis) with a specially designed combus-
tor and add-on controls.

Depending on the design of the combus-
tion device, some tire processing is usually
necessary before it is ready to be used as
a fuel. Processing includes dewiring and
shredding and/or other sizing techniques.
Some specially designed boilers and ce-
ment kilns have had their feed systems
designed to accept whole tires.

Conclusion

Air emissions have been documented
from open burning of scrap tires and from
TDF in well-designed combustors. Labo-
ratory and field studies have confirmed
that open burning produces toxic gases
that can represent significant acute and
chronic health hazards. However, field
studies have also confirmed that TDF can
be used successfully as a 10 - 20% supple-
mentary fuel in properly designed solid-fuel
combustors with good combustion control
and add-on particulate controls, such as
electrostatic precipitators or fabric filters.
Furthermore, a dedicated tire-to-energy
facility specifically designed to burn TDF
as its only fuel has been demonstrated to
achieve emission rates much lower than
most solid fuel combustors.

No field data were available for well-
designed combustors with no add-on par-
ticulate controls. Laboratory testing of an
RKIS indicated that efficient combustion
of supplementary TDF can destroy many
volatile and semi-volatile air contaminants.
However, it is not likely that a solid fuel
combustor without add-on particulate con-
trols could satisfy air emission regulatory
requirements in the U.S.

No data were available for poorly de-
signed or primitive combustion devices
with no add-on controls. Air emissions
from these types of devices would de-
pend on design, fuel type, method of
feeding, and other parameters. There is
serious concern that emissions would
be more like those of an open tire fire
than a well-designed combustor; how-
ever, emissions testing would have to
be conducted to confirm this.
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Table 1. Target Compounds by Criteria

Target Compound

Criteria

N

TLV Subchronic Chronic
RfC RfC

Acenaphthene
Acenaphthylene
Arsenic

Barium
Benz(a)anthracene
Benzene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzyl chloride
Butadiene

Carbon Monoxide
Carbon Tetrachloride
Chloroform
Chromium

Chrysene

Coal Tar Pitch
Cumene
Dibenz(a,h)anthracene
1,2-Dichloropropane
Dibenz(a,h)anthracene
Ethylene Dichloride
Hexachloroethane
Hexane

Lead

Methylene Chloride
Nickel

Phenol

Styrene

Sulfur Dioxide
Sulfuric Acid

Toluene (Methyl Benzene)
1,1,2-Trichloroethane
Trichloroethylene
Vanadium

Xylene, o

XXXXX XXXXX XXXXX XXXXXX XXX

x %

x X

x X

CA
TLV
RfC

Suspected or Confirmed Human Carcinogen.
Reported Value is 33% of Threshold Limit Value.
Inhalation Reference Concentration.
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Table 2. Summary of Criteria Pollutant Emission Data at Utilities Using TDF

Power Plant Particulates (Total) Sulfur Oxides Nitrogen Oxides Carbon Monoxide
g/MJ Ib/MMBTU g/MJ Ib/MMBTU g/MJ Ib/MMBTU g/MJ Ib/MMBTU
Facility A
100% Tires 9.5 x107 2.2x10° 6.0 x10° 1.4 x10°% 4.2x10° 9.8 x10°% 3.1x10° 7.2 x10%
Facility B (Coal)
0% TDF 0.09 0.21 0.606 1.41 0.34 0.78 NT NT
5% TDF 0.0064 0.015 0.774 1.8 0.25 0.58 NT NT
10% TDF 0.004 0.009 0.658 1.53 0.13 0.3 NT NT
Facility C (Coal)
0% TDF 0.22 0.52 0.49 1.14 0.34 0.79 0.65 1.52
7% TDF 0.06 0.14 0.37 0.87 0.39 0.91 3.12 7.26
Facility D (Coal)
0% TDF 0.027 0.063 2.28 5.3 0.258 0.601 NT NT
5% TDF 0.031 0.0717 2.46 5.73 0.219 0.51 NT NT
10% TDF 0.0242 0.0564 2.46 5.71 0.188 0.436 NT NT
15% TDF 0.035 0.0815 235 5.47 0.191 0.443 NT NT
20% TDF 0.0195 0.0453 2.3 5.34 0.166 0.387 NT NT
Facility E (Wood)
0% TDF 0.036 0.083 0.009 0.021 0.009 0.021 NT NT
7% TDF 0.133 0.31 0.032 0.074 0.054 0.125 NT NT
Facility F (Coal)
2% TDF 0.073 0.17 2.49 5.78 NT NT NT NT
NT = Not tested or data not available.
Note: Above data taken directly from reference; no adjustment was made to significant digits.
J. Reisman is with E.H. Pechan & Associates, Inc., Rancho Cordova, CA 95742.
Paul M. Lemieux is the EPA Project Officer (see below).
The complete report, entitled “Air Emissions from Scrap Tire Combustion,” (Order
No. PB98-111701; Cost: $28.00, subject to change) will be available only from:
National Technical Information Service
5285 Port Royal Road
Springfield, VA 22161
Telephone: 703-487-4650
The EPA Project Officer can be contacted at:
Air Pollution Prevention and Control Division
National Risk Management Research Laboratory
U.S. Environmental Protection Agency
Research Triangle Park, NC 27711
United States
Environmental Protection Agency POST ABg IE‘ § T:AéEIES PAID
Center for Environmental Research Information EPA
Cincinnati, OH 45268 PERMIT No. G-35

Official Business

Penalty for Private Use $300
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Table A-l1a. Facility A - Dedicated Tires-to-Energy Power Plant

Source Description

Facility Name,
Location:

Facility Type:
Source Type:
Test Dates:

Other fuel(s):

Air pollution control
device(s) used:

Test Conditions:

Test Methods:

Fuel
Handling/Feeding:

Testing Company:

Environmental
Agency:

Modesto Energy Company
Westley, CA

Utility - Dedicated Tires-to-Energy

Two Boilers (designed for 100% TDF).

December 4-5, 1987, January 9 - 12, 1988, October 9-11, 1990
None

NO,: Selective non-catalytic reduction (ammonia injection).
PM: Fabric filter with Gore-Tex® bags.
SO,: Wet scrubber with lime injection.

100% TDF

CARB Methods 5, 8,100,421, Method 5 (metals), Modified
Method 5 (Semi-VOST), Modified Method 6 (NH ;)

Whole tires up to 4 feet in diameter, 350 to 400 tires per hour
feed rate (assuming 20 lb/tire; approximately 7,000 to 8,000
Ibs/hr), total energy feed rate 190 MMBtu.

Radian (1988), The Almega Corp. (1990)

Stanislaus County APCD (now San Joaquin Valley Unified
APCD)

Source Test Data Evaluation

Yes No Unknown
Data Expressed in Emission Factor Form X
Baseline Fuel Test Data Available
Accurate Fuel Feed Rates X
Multiple Baseline Fuels X
Test Witnessed by or Prepared for
Governmental Agency X

A-4
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Table A-1b. Facility A - Dedicated Tires-to-Energy Power Plant

Tire Incineration FP 30

Limit 1988 October 9-11,1990* October 9-11, 19902

Pollutant

kg/day Ib/day kg/day Ib/day kg/day Ib/day g/MJ Ib/MMBtu
Criteria
6[0) 157.4 346 .4 112.6 247.8 141.6 311.5 3.1 x10° 7.2 x10°
NO, 227.2 500.0 174.7 384.3 193.0 424.6 4.2 x10» 9.8 x10°
PM 51.36 113.0 14.2 31.2 42.32 93.12 9.4 x10-° 2.2 x10°
SO, 113.6 250.0 57.7 127 28.1° 61.9° 6.0 x10-°® 1.4 x10°®
HC 67.44 148 .4 0.294 0.646 NT NT NT NT
Metals
Lead N/A N/A 0.012 0.026 0.003¢ 0.006¢ 5.5 x107© 1.3 x10-°©
Cadmium N/A N/A 0.00082 0.0018 0.0073 0.016 1.6 x10° 3.7 x10°
Chromium (total) N/A N/A 0.00050 0.0011 0.0091 0.020 2.0 x10¢ 4.7 x10°
Mercury N/A N/A <0.00001 <0.00003 0.001 0.003 2.9 x107 6.7 x107
Arsenic N/A N/A 0.0012 0.0026 ND ND ND ND
Zinc N/A N/A 3.52 7.75 0.283 0.623 6.0 x10+ 1.4 x10+
Chromium (hex) N/A N/A NT NT ND ND ND ND
Copper N/A N/A 0.0068 0.015 0.015¢ 0.032¢ 3.2 x10¢ 7.5 x10°
Manganese N/A N/A 0.011 0.023 0.003 0.007 6.9 x107© 1.6 x10-°©

(Continued)
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Table A-1b. Facility A - Dedicated Tires-to-Energy Power Plant (Cont.)

Tire Incineration FP 31

Limit 1988 October 9-11,19907 October 9-11, 19902

Pollutant

kg/day Ib/day kg/day Ib/day kg/day Ib/day g/M]J 1b/MMB tu
Nickel N/A N/A NT NT 0.012¢ 0.027¢ 2.7 x10-%©@ 6.3 x10-5©@
Tin N/A N/A NT NT 0.0082 0.018 1.8 x10-6 4.2 x10¢
Aluminum N/A N/A 0.13 0.28 0.0459¢ 0.101¢ 9.9 x10-%©@ 2.3 x10-5@
Iron N/A N/A 0.28 0.62 0.144¢ 0.316¢ 3.1 x10-@ 7.3 x105©
Beryllium N/A N/A NT NT ND ND ND ND
Organics

N/A N/A <10.1 <22.3 NT NT NT NT
Dioxin and Furan N/A N/A 1.9 x107 4.2 x107 NT NT NT NT
PAH N/A N/A 0.0054 0.012 NT NT NT NT
PCB N/A N/A 2.60 x10- 5.71 x10+ NT NT NT NT
4

Naphthalene N/A N/A NT NT 0.002¢ 0.005¢ 5.1 x107@ 1.2 x10%@
Acenaphthylene N/A N/A NT NT ND ND ND ND
Acenaphthene N/A N/A NT NT 1.1 x105@ 2.4 x105@ 2.4 x10°@ 5.6 x10°©@
Fluorene N/A N/A NT NT 3.3 x10°©@ 7.2 x10-3© 7.3 x10°©@ 1.7 x10-3@
Anthracene N/A N/A NT NT 2.2 x1073©@ 4.8 x10-©@ 4.7 x10°©@ 1.1 x103@
Fluoranthene N/A N/A NT NT 3.3 x10°©@ 7.2 x10-3© 7.3 x10°@ 1.7 x10-3@

(Continued)
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Table A-1b. Facility A - Dedicated Tires-to-Energy Power Plant (Cont.)

Tire Incineration FP 32

Limit October 9-11,19902 October 9-11,19902

Pollutant

kg/day Ib/day kg/day Ib/day kg/day Ib/day g/M]J 1b/MMB tu
Pyrene N/A N/A NT NT 4.4 x10°0 9.6 x10-5@ 9.5 x10°@ 2.2 x103%@
Benz(a)anthracene N/A N/A NT NT ND ND ND ND
Chrysene N/A N/A NT NT ND ND ND ND
Benzo(b)fluoranthene N/A N/A NT NT 1.1 x10°©@ 2.4 x10°©@ 2.4 x107°© 5.6 x10°©
Benzo(k)fluoranthene N/A N/A NT NT ND ND ND ND
Benzo(a)pyrene N/A N/A NT NT ND ND ND ND
Dibenzo(a,h) N/A N/A NT NT ND ND ND ND
anthracene
Benzo(g,h,i)perylene N/A N/A NT NT ND ND ND ND
Indeno N/A N/A NT NT ND ND ND ND
(1,2,3-cd)pyrene
Phenanthrene N/A N/A NT NT 1.1 x104©@ 2.4 x104© 2.4 x10°©@ 5.6 x10°©@
Phenol N/A N/A NT NT ND ND ND ND
Formaldehyde N/A N/A NT NT 0.334¢ 0.735¢ 7.3 x107© 1.7 x104©
Benzene N/A N/A NT NT ND ND ND ND
Monochlorobiphenyl N/A N/A NT NT ND ND ND ND

(Continued)
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Table A-1b. Facility A - Dedicated Tires-to-Energy Power Plant (Cont.)

Limit 1988 October 9-11,19902 October 9-11,19902
Pollutant kg/day Ib/day kg/day Ib/day kg/day Ib/day g/MJ 1b/MMB tu
Dichlorobiphenyl N/A N/A NT NT ND ND ND ND
Trichlorobiphenyl N/A N/A NT NT ND ND ND ND
Tetrachlorobiphenyl N/A N/A NT NT ND ND ND ND
Pentachlorobiphenyl N/A N/A NT NT ND ND ND ND
Hexachlorobiphenyl N/A N/A NT NT ND ND ND ND
Heptachlorobiphenyl N/A N/A NT NT ND ND ND ND
Nonachlorobiphenyl N/A N/A NT NT ND ND ND ND
Decachlorobiphenyl N/A N/A NT NT ND ND ND ND
Vinyl chloride N/A N/A NT NT ND ND ND ND

2 Assumed 24 hr/day operation.

> As sulfur trioxide; sulfur dioxide not reported.

¢ MQL or trip blank showed significant measurement.
N/A = Not applicable.

NT = Not tested or data not available.

ND = Data not determined.
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Table A-10a. Facility J - Cement Kiln

Source Description

Facility Name, Holnam Incorporated Industries
Location: Seattle, WA

Facility Type: Cement Plant

Source Type: Cement Kiln

Test Dates: October 15 - 19 1990

Other fuel(s): Coal/coke

Air pollution control | ESP
device(s) used:

Test Conditions: 0%, 11%, 14% TDF (as heat input)

Test Methods: EPA Methods 1,2,3A,4,5 (front and backhalf extraction),
6C,7E, 10,12,0010 (Semi-Volatile Organic Sampling Train),
TO-14 .

Fuel Tire chips

Handling/Feeding:

Testing Company: Am Test, Inc.

Environmental Washington DOE

Agency:

Reference: Am Test (1991), Clark, et al (1991)

Source Test Data Evaluation

Yes No Unknown
Data Expressed in Emission Factor Form X
Baseline Fuel Test Data Available X
Accurate Fuel Feed Rates X
Multiple Baseline Fuels X
Test Witnessed by or Prepared for X
Governmental Agency

A-26
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Table A-10b. Facility J - Cement Kiln

Tire Incineration FP 35

Baseline,
100% Coal, 11% TDF 14% TDF
Pollutant 0% TDF
10-°g/MJ 10-°1b 10-°g/MJ 10-°1b % Change 10-°g/MJ 10-¢1b % Change
/MMB tu /MMBtu /MMB tu
Acenaphthalene 1.19 2.76 0.864 201 =27 0.886 2.06 -26
Acenaphthylene 0.095 0.22 ND ND -100 ND ND -100
Anthracene 1.06 246 ND ND -100 ND ND -100
Benzo(b)anthracene 4.25 9.88 ND ND -100 ND ND -100
Benzoic Acid 4.498 10.46 ND ND -100 ND ND -100
Benzo(a)pyrene 0.877 2.04 ND ND -100 ND ND -100
Benzo(g,h,i)perylene ND ND 1.34 3.11 NA 4.442 10.33 NA
Bis(2- 95.641 222.42 74.583 173.45 -22 118.57 275.75 +24
chloroethoxy)methane
Butyl Benzyl Phthalate 2.57 5.98 ND ND -100 ND ND -100
Dibenz(g,h)phthracene 45.877 106.69 20.50 47.67 -55 28.88 67.17 -37
Di-N-Butylphthalate 0.959 2.23 ND ND -100 ND ND -100
1,2-Dichlorobenzene 1.38 3.21 ND ND -100 ND ND -100
2 ,4-Dinitrotoluene 5.749 13.37 4.29 9.97 -25 3.87 9.00 -33
Fluorene 3.29 7.65 3.02 7.03 -8 3.06 7.12 -7

(Continued)
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Table A-10b. Facility J - Cement Kiln (Cont.)

Tire Incineration FP 36

Baseline,
100% Coal, 11% TDF 14% TDF
Pollutant 0% TDF
10-g/MJ 10¢1b 10-g/MJ 10¢1b % Change 10-g/MJ 10¢1b % Change
/MMBtu /MMBtu /MMB tu
Hexachlorobenzene 31.60 73.49 17.38 40.42 -45 22 .99 53.46 -27
Naphthalene 146.20 340.00 76.944 178.94 -47 68.456 159.20 -53
2-Nitroanaline 2.01 4.67 ND ND -100 2.16 5.02 +7
N-Nitrosodiphenyl- 39.05 90.81 20.47 47.60 -48 21.47 4992 -45
amine
Pyrene 2.14 497 1.02 2.38 -52 0.959 2.23 -55
1,2,4-Tricholrobenzene 7.504 17.45 1.11 2.57 -85 ND ND -100
4.,6-Dinitro-2- 2.38 5.53 ND ND -100 ND ND -100
methylphenol
4-Methyl Phenol 8.407 19.55 3.93 9.13 -53 6.570 15.28 -22
2-Nitrophenol 83.846 194.99 72.747 169.18 -13 74.012 172.12 -12
4-Nitrophenol ND ND 21.34 49.62 NA 12.80 29.77 NA
Pentachlorophenol ND ND ND ND NA ND ND NA
Phenol 140 32 69.247 161.04 -50 131.89 306.71 -4
2.4 ,5-Trichlorophenol ND ND ND ND NA ND ND NA

NA = Not applicable.
ND = Not detected.
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Alberni Environmental Coalition Local Issues Section

Hazards of Burning Tires

From Dr. Neil Carman regarding kiln emissions, stack tests and combustion upsets.6//97
Hazards of tires. It is highly inaccurate to state that TDF..."does not contain hazardous materials,"

A. Tires are mfg from petrochemical feedstocks such as styrene and butadiene, which are both being
classified as human carcinogens. Styrene is a benzene derivative and burning tires releases styrene and
several benzene compounds.

Butadiene is a highly carcinogencic four-carbon compound that may also be released from the styrene-
butadiene (SBR rubber its called) polymer form during combustion.

Chemical composition tests on waste rubber show that it contains numerous toxic and hazardous air
pollutants and once burned, these can become airborne. I have lab results somewhere on tests that |
helped to perform as a state official, and we were surprised that waste rubber from SSBR was not
classified as a hazardous waste. M, P and O-Xylenes may also be found in TDF which are benzene
derivatives and carcinogenic.

Tires-older tires-used to be made from chloroprene, a chlorine-containing petrochemical used less and
less today in tire mfg.

Polybutadiene is another polymer used to make synthetic rubber for tires.

Aromatic extender oils comprise about 25% of most tires and are known to cause cancer in lab animals
as well as being suspected human carcinogens. These are highly aromatic-multiple benzene-containing
chemicals-petroleum waste materials with complex ring structures that are even more difficult to burn
than benzene, which has a highly stabile ring structure that makes good combustion far more difficult
than burning natural gas or straight chain carbon compounds. Anything with benzene will require higher
combustion temperatures, higher residence times and higher oxygen to break apart the six-carbon ring
with electron clouds above and below that protect the ring from easy chemical breakdown. The thick
black oil and black smoke that one sees when tires are burning outdoors is due solely to the aromatic
extender oils; they too require higher combustion temperatures, higher residence times and higher
oxygen to break down fully to CO2 and water.

Do cement kilns really provide higher combustion temperatures, higher residence times and higher
oxygen? These are complex process questions that can be debated by different technical experts to give
very different sets of answers, and because there are generally two different kinds of cement kilns such
as 1} old, energy inefficient wet process kilns and 2 }newer, more energy efficient dry process cement
kilns. Generally cement kilns run at higher combustion temperatures than incinerators, but I think it is
highly questionable that anyone can make an absolute blanket statement supported by solid scientific
proof that cement kilns provide longer residence times and adequate oxygen (i.e. as excess air) to give
complete combustion.

Why? a) Cement kilns when stack tested show products of incomplete combustion (PICs) just like
incinerators and other combustors demonstrating that perfect combustion is not achieved. So something
is not right with combustion.
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b) Turbulence for good combustion may not be as perfect as some experts claim in cement kilns due to
the extraordinarily large volumes of solid materials in the kiln being used to make clinker and then
cement product, in part since a cement kiln is a giant oven used to bake rock and turn it into clinker. c)
cement kilns typically run on the lower limits of excess air for good combustion due to the huge
quantities of air required to be heated from ambient temps to 3,000 degrees F, and to heat this much air
to such high temps requires tremendous energy costs. So every single pound of air heated in a cement
kiln exacts certain operating costs in fuel use and thus cement kilns try to keep the excess air (and
oxygen) at the borderline of safe combustion.

But during stack tests of TDF, cement kilns will do several things to make emissions and combustion
look good-to-decent for such facilities: a) run at higher excess air to improve combustion efficiency, b)
control kiln parameters more precisely, ¢) prevent kiln solid ring formation and buildup that creates
havoc for good combustion of any fuels, d) burn lower TDF levels during stack tests than they may be
seeking to burn operationally, e)operate and maintain their ESPs or baghouses in top condition to keep
particulate emissions to a reduced level, and f) miscellaneous tricks.

B. Older tires may contain much higher amounts of lead when leaded gasoline was being used,
according to Dr. Jerome Nriagu of the University of Michigan's School of Public Health. Burning these
older tires means that some of the lead will go back into the environment as airborne contamination.

C.Metals. TDF does contain metals and the amounts vay somewhat. They may be cleaner than real dirty
coal or they may be worse than some cleaner types of coal. One also has to be skeptical about self-
reported metal levels in coal, such as mercury, because coal users want to show less mercury emissions
than is the case.

D.Combustions upsets. This is a serious public health issue near cement kilns.

Cement kilns certainly do have combustion upsets and smoke may be emitted during such events.
Cement kilns are not designed or required to have major fail-safe combustion devices such as large
afterburners that all state-of-the-art incinerators must have by federal law today (all medical, municipal,
and hazardous waste incinerators can not operate without their afterburner or secondary combustion
chambers in normal operation). The afterburner is required because of the potential for flame outs and
total combustion failure in the primary burn chamber, which is all that cement kilns possess. Cement
kilns have no fail safe combustion devices which is unthinkable today in all incinerators.

E. Other kinds of upsets. Cement kilns are subject to a variety of problems, including a type of
meltdown of the kiln when the ID fans lose power or fail to operate, without adequate air flow to control
kiln temperatures at or below 3,000 degrees F, the kiln temperature may skyrocket quickly to 4,000
degrees F and the kiln is so hot that the steel shell sags toward the ground effectively destroying the kiln.
Kiln meltdowns are not rare events and have happened here in Texas at several plants in the last ten
years. Cement companies do not like to talk about this problem.

These are just a few of the technical issues surrounding combustion problems observed in cement kilns.
The bottom line is that they are not designed, not built and not operated as state-of-the-art incineration
devices, but are basically old model-T versions (especially old wet process kilns) of first generation
incinerators of the 1950's-mid 60's which had no afterburners.

Local Issues Alberni Environmental Coalition




Cement Kilns must be continuously monitored and adjusted in order to achieve the Fealogipettion FF 39
combustion of the basic components of tires that is possibie in theory. (The cement plant in ;
Buda does not have the necessary continuous monitors.) “Complete combustion® does not

eliminate toxic metals — or other elements like chlorine which are free to leave the stack or

combine with other elements to make new toxic substances like dioxins and furans.

Background Paper On the Burning of Rubber Tires
~ by Dr. Jacob Greenberg, PhD

There are two primary problems in burning tires. These are (A), the need for greater amounts of oxygen
as combustion proceeds and (B), the use of chemical reactants to neutralize the release of sulfur doxide.

A. Variable Oxygen Requirements

The presence of varied hydrocarbons demands that the oxygen requirements for complete
combustion must change drastically.

P  [fa rubber tire were thrown onto an open bonfire, there would be four distinct phases of
combustion: _
|. White smoke. This is the low temperature evaporation of water. The same reaction occurs
whether burning a log in afireplace or sewage sludge.
Flickering Flame. This is the oxidation of volatile hydrocarbons which are released when the
material Joses water and its temperature rises..
3. Black Smoke. This is caused by the thermal disintegration of long chain hydrocarbons that are
" not receiving sufficient air oxygen to burn completely to carbon dioxide and water,
To illustrate how radical this can be, let us compare the burning of two common fuels, propane

(3]

and gasoline.
Propane
CsHs + . 502 ¥ . 3COz + 4820
44 grams , 160 grams -
(one mole) (approx, 20,000
cubic fest of air)
gasoline
component
2Cs His + 25 02 = 16 COz +.18 Hz0
228 grams 800 grams
(approx. 100,000
cubic feet of air)

Moving from a hydrocarbon with 3 carbon atoms (Propane) to one containing 8 carbon atoms
changes the oxygen tequirement by 2 factcr_of FIVE.

This translates to a demand from 20,000 cubic feet of air to over 100,000 cubic feet of air.

Rubber consists of chains of isoprene (C5 Hs) m where m = 40,000 to 50,000. When these
chains thermally dlsmtcmtc the need for oxygen to complete combustion will vary dramatically,
(Oven)

Prepared by Wimberley S.A.F. E., under the direction of their resident chemist, Dr. Greenberg
P. O. Box 578, Wimberley, TX 78676
March 11, 1988
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combustion of the basic components of tires that is possible in theory. (The cement plant in
Buda does not have the necessary continuous monitors.) “Complete combustion® does not
eliminate toxic metals — or other elements like chlorine which are free to leave the stack or

combine with other elements to make new toxic substances like dioxins and furans.

This problem is compounded by the fact that rubber tires comtain approximately 30% of crude oil
Heat treatment will release a range of hydrocarbons from propane to gasoline to asphalt. In
addition, crude oil has significant concentrations of toxic metals, pamcularty chromium.

4. Final Burning Phase ofl’":rc:

This is the high temperature glowing carbon. Iustasmabm'bccuc,tbchxghcsﬂcmpcrm::s
notobmnedﬁomthcﬂamchnfmmzhcm@al carbom.

Thcrcasouforb&rrnmgccalmthurcsmthatmalccntams metal oxides (ash) that can react with
sulfur dioxdde.

B. Chemical Reactants to Neutralize the Release of Sulfur Dioxide

Sulfur is the most often used bardening agent in the manufactire of rubber tires. In the presence of
‘oXygen at elevated temperatures, sulfur is converted to SO2 (sulfur dioxide). This material is the major
component of aid rain. ﬂlcdﬁmmonoffomsm,laksandthcchgmdanoncfmbicmhavded
to restrictions on the sulfur content of fuels.

Sulfur dioxide reacts with metal oxides such as lime (calcium oxide) which is the active ingredient in
cement. The reaction between the gas, sulfur dioxide, and a solid particle of calcium oxide is totally
dependent upen operating conditions.

These conditions must casure that these components can collide. This means that variations in rcszdca:tc:
time, size of particles, temperature, and concentration must be carefully monitored.

From the reaction given, rtcanbcsecntha:mthcmmatc mixing with excess lime it will. be difcult
to trap the gaseous sulfur dioxide. :

2Ca0. © + 250z, + O > 2CaSOs
. Lime - sulfur diexide air oxygen calcium sulifate

(solid) (gas) . (gas) - ash must be dispesed

Prepared by Wimberey SA.F. E under the direction of their resident chremist, Or. Greenberg
P. O. Box 576, Wimberley, TX 78676
March 11, 1996
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EPA/600/P-03/002F
November 2006

An Inventory of Sources and Environmental Releases of
Dioxin-Like Compounds in the United States for the Years
1987, 1995, and 2000

National Center for Environmental Assessment Office of Research and Development U.S.
Environmental Protection Agency Washington, DC 20460
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3.6. TIRE COMBUSTION

Most discarded tires are combusted in dedicated tire incinerators or cement kilns. Some are
combusted as auxiliary fuel in industrial boilers and in pulp and paper mill combustion facilities.
Additionally, tires may be unintentionally burned in an uncontrolled fashion at landfills (open
burning). This section addresses the total TEQ emissions that may result from the combustion of tires
in dedicated tire incinerators, industrial boilers, and pulp and paper mill combustion facilities, but
excludes cement kilns (addressed in Section 5.1). The open burning of tires is not discussed in this
report due to the lack of information.

Emissions of CDDs/CDFs from the incineration of discarded automobile tires were measured
at a dedicated tire incinerator tested by the California Air Resources Board (CARB, 1991). The
facility consists of two excess air furnaces equipped with steam boilers to recover the energy from
the heat of combustion. Whole tires were fed to the incineration units at rates ranging from 2,800 to
5,700 kg/hr during the three test days. The facility was equipped with a DS and an FF for the control
of emissions prior to exiting the stack. Table 3-27 presents the congener-specific emission factors for

this facility. Figure 3-20 presents CDD/CDF congener
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Table 3-27. CDD/CDF air emission factors for a tire combustion facility

Congener/congener
| group

Mean facility emission factor (ng/k

)

Assuming nondetect set to zero

Assuming nondetect set to
detection limit

2,3,7,8-TCDD 1,2,3,7,8-
PeCDD 1,2,3,4,7.8-
HxCDD 1,2,3,6,7,8-
HxCDD 1,2,3,7,8.,9-
HxCDD 1,2,3,4,6,7,8-
HpCDD OCDD

0.149 0.006 0.018 0.055 0.036
0.379 4.156

0.149 0.026 0.023 0.062 0.048
0.379 4.156

2,3,7,8-TCDF 1,2,3,7,8-
PeCDF 2,3,4,7,8-PeCDF
1,2,3,4,7,8-HxCDF
1,2,3,6,7,8-HxCDF
1,2,3,7,8,9-HXxCDF
2,3,4,6,7,8-HxCDF
1,2,3,4,6,7,8-HpCDF
1,2,3,4,7,8,9-HpCDF
OCDF

0.3190.114 0.086 0.103 0.059
0.036 0.1 0.0 0.027 0.756

0.3190.118 0.091 0.111 0.09
0.068 0.148 0.166 0.095 0.756

Total 2,3,7,8-CDD Total
2.,3,7,8-CDF Total I-
TEQpr Total TEQpe-
WHOvus

4.799 1.6 0.282 0.281

4.843 1.962 0.312 0.320

Total TCDD Total
PeCDD Total HxCDD
Total HpCDD Total
OCDD Total TCDF
Total PeCDF Total
HxCDF Total HpCDF
Total OCDF

0.153 0.032 0.391 0.695 4.156
1.204 0.737 0.71 0.119 0.802

0.153 0.032 0.391 0.695 4.156
1.204 0.737 0.71 0.186 0.802

Total CDD/CDF

8.999

9.067

Source: CARB (1991).
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Figure 3-20. Congener and congener group profiles for air emissions from a tire combustor.
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and congener group profiles based on these TEQ emission factors. From these data, the average
emission factor is estimated to be 0.281 ng TEQDF-WHO98/kg (0.282 ng I-TEQDF/kg) of tires
incinerated (when all nondetect values are treated as zero). This emission factor was used to estimate
annual TEQ releases from the tire combustion source category for the years 1987, 1995, and 2000.

EPA assigned a low confidence rating to the estimated TEQ emission factor because it is possible
that it is not representative of TEQ emissions from all tire combustion facilities. It is also possible
that this emission factor is an underestimation of emissions from this source category because it was
derived from the emissions of a facility equipped with very advanced air pollution control technology
specific for the control of dioxin emissions. These devices (DS/FF) are capable of greater than 95%
reduction and control of dioxin-like compounds prior to discharge from the stack into the air.
Because other facilities may not be equipped with similar air pollution control systems, the TEQ
emissions could be higher than the estimates shown above. For example, Cains and Dyke (1994)
reported much higher emission rates for two tire incinerators in the United Kingdom that were
equipped with only simple grit arrestors. These emissions produced emission factors of 188 and 228
ng [-TEQDF/kg of tires combusted.

EPA estimated that approximately 500 million kg of tires were combusted in 1990 (U.S. EPA,
1992b). Of this total, 23% (115 million kg) were combusted in cement kilns, and it is assumed that
the remaining 385 million kg were combusted in dedicated tire combustion facilities, industrial
boilers, and pulp and paper mill combustion facilities. This activity level was adopted for the years
1987 and 1995 and is assigned a medium confidence rating.

The Rubber Manufacturers Association (2002) reported that 281 million scrap tires weighing
approximately 5.68 million metric tons were generated in the United States in 2001. Approximately
115 million of these scrap tires were combusted as tire-derived fuel, or roughly

2.32 million metric tons (2.32 billion kg) of tires. Subtracting the 23% of the tires burned in cement
kilns yields a total of 1.8 billion kg of tires estimated to have been combusted in facilities other than
cement kilns in 2001. This figure is used to represent the activity level for tire combustion in 2000.
This activity level is assigned a medium confidence rating.

Annual emissions for the reference years were estimated by multiplying the activity level times the
TEQ emission factor. The TEQ emission factor of 0.281 ng TEQDF-WHO98/kg (0.282 ng I-TEQDF
/kg) of tires combusted was used to estimate annual emissions for all years. Multiplying the emission
factor by the activity level (385 million kg of tires) yields an estimate of 0.11 g TEQDF-WHO98/yr
(0.11 g I-TEQDF/yr) emitted to the air in 1987 and 1995. Using the same emission factor multiplied
by the estimated activity level of 1.8 billion kg tires combusted in 2000 gives an estimate of 0.51 g
TEQDF-WHO98/yr (0.51 g I-TEQDF/yr). The estimated TEQ emissions to air from tire combustion
for 1987, 1995, and 2000 are given a low confidence rating because of the low confidence rating of
the emission factor.

(Pages 3-83 through 3-87. Document available at
http://cfpub.epa.gov/ncea/cfim/recordisplay.cfm?deid=159286#Download )
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In summer 2012, a landfill liner comprising an estimated 1.3 million shredded tires burned in lowa City,
Iowa. During the fire, continuous monitoring and laboratory measurements were used to characterize
the gaseous and particulate emissions and to provide new insights into the qualitative nature of the
smoke and the quantity of pollutants emitted. Significant enrichments in ambient concentrations of CO,
CO3, SO, particle number (PN), fine particulate (PM;5) mass, elemental carbon (EC), and polycyclic ar-
omatic hydrocarbons (PAH) were observed. For the first time, PM; 5 from tire combustion was shown to
contain PAH with nitrogen heteroatoms (a.k.a. azaarenes) and picene, a compound previously suggested
to be unique to coal-burning. Despite prior laboratory studies' findings, metals used in manufacturing
tires (i.e. Zn, Pb, Fe) were not detected in coarse particulate matter (PMjp) at a distance of 4.2 km
downwind. Ambient measurements were used to derive the first in situ fuel-based emission factors (EF)
for the uncontrolled open burning of tires, revealing substantial emissions of SO, (7.1 g kg™ '), particle
number (3.5 x 10'® kg~1), PMy5 (5.3 g kg~!), EC (237 g kg~1), and 19 individual PAH (totaling
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1. Introduction

The widespread use of motor vehicles generates large quantities
of scrap tires; in the United States of America in 2011, the Rubber
Manufacturer's Association (RMA) estimates the generation of 231
million scrap tires (RMA, 2013). Active management programs in
the USA remarket used tires as fuel (37.7%), ground rubber (24.6%),
civil engineering materials (18.0%), exports (8.0%), and for other
purposes (3.4%), while the remaining tires are landfilled (13%),
baled with no market (0.9%), or unaccounted for (4.6%) (RMA,
2013). Tires are an attractive chemical commodity, construction
material, and solid fuel, due to their high energy density of
29—37 M] kg~ ! (Giere et al., 2004). The storage and reuse of tires
requires attention to their potential environmental impact,
including leaching and open-air burning. The risk of fire may be
reduced by taking precautions to prevent ignition and spreading.

Uncontrolled tire fires are notoriously difficult to extinguish and
release hazardous smoke and pyrolytic oil to the environment. The
largest tire fire in United States history began in 1983 in
Winchester, Virginia, where 7 million tires burned in nine months
and polluted air and water in three surrounding states (Virginia
Department of Environmental Quality, 2014). Since then, over a
dozen major tire fires have been recorded in the United States
(Singh et al.,, 2015). In countries without tire reuse and manage-
ment programs, the frequency of tire fires is suggested to be much
greater (Shakya et al., 2008; Stefanov et al., 2013). However, tire
fires, particularly those that are small in scale, are largely undoc-
umented, so that the frequency and magnitude of tire fires on a
global scale is unknown.

The combustion of tires emits hazardous gases and particles to
the atmosphere. These emissions reflect the chemical composition
of tires, which are 50% natural or synthetic rubber by weight, 25%
black carbon, 10% metal (mostly in the steel belt), 1% sulfur, 1% zinc
oxide, and trace quantities of other materials (Seidelt et al., 2006).
Laboratory studies of tire combustion report significant emissions
of CO, (2890 g kg™1), CO (71 g kg™ 1), NOx (6.0 g kg™1), and SO,
(28 g kg~ 1) (Stockwell et al., 2014), total suspended particles (TSP,
65—105 g kg~ 1), gaseous and particle-phase PAH (3.4—5.3 g kg™ 1),
and volatile organic compounds (VOC, 12—50 g kg~ !, e.g. benzene,
toluene, xylene) (Lemieux and Ryan, 1993). Following a fire
involving 6000 tires in Quebec in 2001, Wang et al. (2007) analyzed
solid soot and liquid oil samples and identified 165 PAH and other
aromatic compounds, many of which contained sulfur, nitrogen
and oxygen heteroatoms. Emissions of PAH from co-firing tire
crumbs in a high-efficiency boiler strongly depends on the fuel-to-
air ratio; under oxygen-starved conditions, emissions of PAH
increased by three orders of magnitude to a maximum of 7.2 g kg~
(Levendis et al., 1996). Accordingly, the magnitude and chemical
nature of emissions from burning tires depends on the combustion
conditions.

Many pollutants emitted from tire burning are toxic, carcino-
genic, and/or mutagenic; together, they present significant health
hazards. In a mutagenicity assay, Demarini et al. (1994) reported
that emissions from burning tires were more mutagenic than
emissions from the open burning of plastic and burning of fossil
fuels in utility boilers. Furthermore, mutagenicity levels were
enhanced when tires were burned in oxygen-limited conditions,
leading to the greater formation of PAH and related compounds. A
comprehensive review of the health hazards posed by exposure to
tire combustion emissions has been conducted by Singh et al.
(2015) and concludes that SO,, PM,5, black carbon, acrolein,
formaldehyde, and CO present significant health risks. Human
exposure to tire burning emissions mainly occurs through inhala-
tion of ambient air and depends on the proximity to the source and
the strength and dilution of the smoke. Hence, persons living or

working near tire fires (e.g. firefighters) have the greatest exposure.
Of particular concern is the exposure of sensitive populations (e.g.
children, elderly, and individuals with respiratory or cardiovascular
disease) to emissions from this source, for whom the health im-
pacts may be severe.

The current study characterized gas and particle emissions from
an uncontrolled, large-scale tire fire that started at the municipal
landfill in Iowa City, lowa, USA on Saturday, May 26, 2012. What
ignited the fire is unknown, but city officials speculated that hot
charcoals or remnants of a burn barrel were dumped into the
landfill Friday evening. High wind speeds led the fire to spread
across seven acres of a one-meter-thick drainage layer made from
shredded tires. An estimated 1.3 million tires (20.5 million kg)
burned, generating more than 454,000 L of pyrolytic oil and
emitting a thick smoke plume. Public health officials issued public
warnings for residents to avoid smoke exposure. Firefighting efforts
to smother the fire with dirt commenced on June 4 and were
completed by June 12, when smoke was no longer visible.

The goal of this paper is to characterize the emissions of gases
and particles from the uncontrolled and large-scale open-burning
of shredded tires. The field-based approach used in this study
provides a real-world perspective on the open burning of tires,
which has previously only been examined in small-scale, labora-
tory experiments (Lemieux and Ryan, 1993; Stockwell et al., 2014).
Ambient measurements of particle number (PN), mass, and size
distribution, EC, PAH, SO,, and CO are used to derive emission
factors (EF) of key pollutants per kilogram of combusted tire. For
the first time, EF for PN, PM5 5 mass, and PM5 5 PAH are determined,
which are important to understanding the population exposure
and potential health impacts of this source. EF from the in situ
characterization of uncontrolled tire combustion are compared to
prior laboratory studies in order to assess how emissions from this
source differ under real-world and laboratory conditions. Further-
more, the EF determined in this study are used by Singh et al. (2015)
to assess the health risks posed by the tire fire smoke and to
formulate recommendations on air monitoring needs in response
to large-scale tire fires.

2. Methods
2.1. Filter sample collection and analysis

PM samples were collected at the University of lowa Air Moni-
t