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Foreword

ntists have been examining relationships between air pollution and death and disease for decades
now are we beginning to understand the impacts of one of the most toxic sources of emissions
- « the diesel engine. Diesels churn out a hazardous mix of gaseous and particle pollutants. What's
more, diesel exhaust is emitted at ground level — where
we breathe it — by trucks and buses around us in traffic, at
school and transit bus stops, and by heavy construction or
agricultural equipment. Diesel exhaust contains numerous
dangerous compounds, ranging from respiratory irritants
to carcinogens including a host of air toxics, particulate
matter, carbon monoxide and nitrogen oxides.

While scientists have concluded that combustion-
related particulate matter from all combustion sources is
associated with premature death from heart attacks and
cancer, we also are finding that carbon particles from
mobile sources may be particularly unhealthy. These
particles adsorb other metals and toxic gases produced
by diesel engines — such as cancer causing-PAH (polycy-

clic aromatic hydrocarbons) — onto their surfaces making them even more dangerous. Furthermore,
research on personal exposures demonstrates that these small particles easily penetrate our indoor
environment where they may be trapped for days when ventilation is poor.

This report presents for the first time estimates of the health toll from diesel vehicle poliution. Using
methodology approved by the U.S. Environmental Protection Agency’s Science Advisory Board (SAB),
the analysis finds that approximately 21,000 people die prematurely each year due to particulate matter
poliution from diesels. Other serious adverse health impacts include tens of thousands of heart attacks,
asthma attacks, and other respiratory ailments that can lead to days missed at work and at school.

Using more highly time-resolved studies we are increasingly able to understand the inflammation
mechanism by which particles can lead to atherosclerosis, heart attacks, strokes and ultimately, untimely
deaths. From all we know today, we can confidently say that reducing diesel exhaust in our environment
will mean improving public health, and as this report demonstrates, reducing preventable premature
deaths. We do not need to wait. Technology is available today that can reduce particulate matter emis-
sions by up to 90 percent. Now is the time to clean up our old trucks, buses, heavy equipment and
locomotives to provide a cleaner future for us and our children.

1l A -

Howard Frumkin, M.D., Dr.P.H., FACP, FACOEM
Professor and Chair, Department of Environmental and Occupational Health
Emory University, Rollins School of Public Health
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yone has experienced it: getting hit right in the face by

g clolid of acrid diesel smoke. Perhaps you were standing
g na ggeet corner when a bus or truck whizzed by. Or
maybé you were standing at a bus stop or stuck behind a
dump truck grinding up a hill. But breathing diesel exhaust
isn't just unpleasant. It is hazardous to your health. In fact,
health research indicates that the portion of the exhaust
you can’t see may be the most dangerous of all. Asthma
attacks, respiratory disease, heart attacks, and even
premature death — all of these are among the most serious
public health problems linked to emissions from the
nation’s fleet of diesel vehicles. The good news is that the
technology exists right now to clean up emissions from
these engines, so that most of the adverse health impacts
can be prevented.

Today in the U.S. more than 13 million diesel vehicles
help to build our cities and towns, transport our food and
goods, and take us to and from work. More than three
quarters of all Americans live near intersections, bus stops,
highways, bus and truck depots, or construction sites with
heavy equipment — all of which are concentrated sources
of diesel exhaust. In rural areas, those who live near heavy
diesel agricultural equipment suffer their share of exposure
to diesel as well.

The U.S. Environmental Protection Agency has issued
important regulations that will require dramatic reductions
in emissions from new diesel vehicles starting in 2007 - but
only the new ones. These regulations, to be phased in over
the next quarter century, apply only to new engines. What
about the diesels on the road today? The lifespan of the
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average diesel vehicle is nearly 30 years. Many diesels are
driven over a million miles. Because of this longevity, we
will be left with the legacy of poliution from dirty diesel
vehicles for decades to come. That is, unless we take
action to reduce emissions from vehicles currently on the
road. We don’t have to wait. Control technologies exist
right now that can significantly reduce deadly fine particle
emissions from diesel vehicles, in some cases by upwards
of 90 percent.

American know-how, witnessed by the success of the
manufacturers of engines, control devices, and fuel refiners
in developing innovative solutions for reducing diesel
exhaust, provides a lifesaving opportunity we can seize
today. Pollution from dirty diesels on the road now can be
dramatically reduced using a combination of cleaner fuels,
retrofit emission controls, rebuilt engines, engine
repowerings, and accelerated purchase of new, cleaner
vehicles. Unlike so many other vexing
environmental issues, these afford-
able solutions present a highly
unusual opportunity to actually
address a major risk to public health
and the environment. In fact, we could
virtually eliminate this problem if
diesel manufacturers, fleet owners,
environmentalists, concerned citizens,
and government regulators make the
commitment to work together.

An Aggressive Program to
Reduce Diesel Emissions
Could Save About 100,000
Lives between Now and
the Year 2030.



What are the health impacts of these dirty diesel
vehicles? What benefits will we realize if we act now to
clean them up? The Clean Air Task Force commissioned
Abt Associates, an highly-respected consulting firm that
U.S. EPA and other agencies rely upon to assess the
benefits of national air quality policies, to quantify for the
first time the health impacts of fine particle air pollution
from America’s diesel fleet. Using this information, we were
able to estimate the expected benefits — in lives saved —
from an aggressive but feasible program to clean up dirty
diesel buses, trucks, and heavy equipment across the U.S.

This report summarizes the findings of the Abt Associ-
ates study. It then reviews the degree to which diesel
vehicles increase the level of fine particle pollution in the
air we breathe, and recommends reduction measures that
will save thousands of lives each year.

Key findings include:

B Reducing diesel fine particle emissions 50 percent by
2010, 75 percent by 2015, and 85 percent by 2020
would save nearly 100,000 lives between now and 2030.
These are additional lives saved above and beyond the
projected impact of EPA's new engine regulations.

B Fine particle pollution from diesels shortens the lives of
nearly 21,000 people each year. This includes almost
3,000 early deaths from lung cancer.

B Tens of thousands of Americans suffer each year from
asthma attacks (over 400,000), heart attacks (27,000),
and respiratory problems associated with fine particles
from diesel vehicles. These illnesses result in thou-
sands of emergency room visits, hospitalizations, and

lost work days. Together with the toll of premature
deaths, the health damages from diesel fine particles
will total $139 billion in 2010.

m Nationally, diesel exhaust poses a cancer risk that is
7.5 times higher than the combined total cancer risk
from all other air toxics.

m [nthe U.S,, the average lifetime nationwide cancer risk
due to diesel exhaust is over 350 times greater than the
level U.S. EPA considers to be “acceptable” (i.e., one
cancer per million persons over 70 years).

m Residents from more than two-thirds of all U.S. counties
face a cancer risk from diesel exhaust greater than 100
deaths per million population. People living in eleven
urban counties face diesel cancer risks greater than
1,000 in a million — one thousand times the level EPA
says is acceptable.

® People who live in metropolitan areas with a high
concentration of diesel vehicles and traffic feel their
impacts most acutely. The risk of lung cancer from
diesel exhaust for people living in urban areas is three
times that for those living in rural areas.

The vast majority of the deaths due to dirty diesels
could be avoided by an aggressive program over the next
15 years to require cleanup of the nation’s existing diesel
fleet. Practical, affordable solutions are available that can
achieve substantial reductions in diesel risk. The only thing
that stands between us and dramatically healthier air is the
political will to require these reductions and the funding to
make it a reality.

What We Must Do to Protect Public Health from Today’s

Dirty Diesels.

AftBough the EPA has mandated the phase-in of cleaner
engines and fuels beginning in 2007 for highway
Jvehidles and heavy equipment, EPA has limited authority to
mandate emissions controls on the fleet of existing diesel
vehicles. To date, EPA has adopted a “voluntary” approach.
Nevertheless, in order to meet the new ambient air quality
standards for fine particles, states and cities must require
controls to reduce diesel emissions. Diesel cleanup is also
an important next step in areas that are having difficulty
meeting existing and new ambient air quality standards for
ozone such as Houston and Dallas, Texas.

States can enact legislation requiring diesel cleanup as
some, such as California and Texas, have already begun to
do. States should also consider measures to require early
engine retirement and speed fleet turnover. For vehicles
like long-haul trucks, ships, and locomotives that are
engaged in interstate transport, federal regulations, federal

legislation, or both may be needed. Funding for such
initiatives may pose a challenge for public fleets (school
buses, transit vehicles, garbage trucks, etc.), so support for
expanded state and federal funding to help the cleanup of
fleets owned by cash-strapped states and cities will be
necessary. Local and state budget writers will need a
strong commitment to come up with the necessary appro-
priations or bonds to fund the local share.

Particle filters combined with the use of Ultra Low
Sulfur Diesel (ULSD) fuel have been found to reduce diesel
particles and particle-bound toxics from diesel exhaust by
up to 90 percent. Under the new engine rules, ULSD will be
available for highway vehicles nationwide starting in 2006.
It is already available in cities in 21 states. Not all vehicles
can be retrofitted with a particle filter, but there are a
variety of options available for the cleanup of every vehicle
regardless of make or model year.



Cities and states should:

m Establish ambitious goals for reducing risk to their
citizens by cleaning up existing diesels;

m Identify priority geographic areas and diesel “hotspots”
for immediate attention;

m Adopt a package of options for reducing diesel exhaust
including:

— Retrofits accomplished by replacing mufflers with an
optimal mix of filters or oxidation catalysts depending
on vehicle age and type;

— Requiring Ultra Low Sulfur Diesel and cleaner
alternative fuels;

-~ Closed crankcase ventilation systems to eliminate
engine exhaust from penetrating the cabin of
vehicles such as school and transit buses;

— Engine rebuild and replacement requirements;

~ Truck stop electrification programs to give long-haul
truckers a way to power their rigs overnight without
running their engines;

— Contract specifications requiring cleanup of trucks
and construction equipment used in public works
projects.

B Adopt diesel cleanup measures as federally-enforce-
able requirements in State Implementation Plans (SIPs)
for the aftainment of the fine particle and ozone air
quality standards;

m . Create and fund programs, such as California’s “Carl
Moyer” and the Texas Emission Reduction Plan (TERP)
program, which provide funding for diesel equipment

New Fmdmgs

attnbutab|e to diesel across America — until now. Research-
ers estimate that as many as 60,000 people in the U.S. die
prematurely each year because of exposure to fine
particles from all sources." And some researchers believe
that this figure may even underestimate the total number of
particle-related deaths.? A reanalysis of the major particle
mortality study in over 150 cities suggests that particles
from motor vehicles may be more toxic than average.®

We know that diesel exhaust is a hazardous mixture of
gases and particles including carcinogens, mutagens,

respiratory irritants or inflammatory agents and other toxins -

that cause a range of diverse health effects. Diesel
particles act like magnets for toxic organic chemicals and
metals. The smallest of these particles (ultrafine particles)

owners to replace or rebuild high-polluting diesel
engines;
m Adopt and enforce anti-idling ordinances and legislation.
The Federal government should:

m Pass legislation providing funding for the cleanup of
municipal and state fleet vehicles;

m Explore regulatory options for reducing emissions from
existing interstate fleets such as long-haul trucks,
shipping, and locomotives;

m Retain and enforce the tighter new engine and cleaner

fuel standards for highway and non-road diesels.
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Retrofits are effective in reducing particle emissions from heavy
equipment. The tractor on the left is retrofitted with a particle
emissions control device.

can penetrate deep into the lung and enter the blood-
stream, carrying with them an array of toxins.* Diesel
exhaust can contain 40 hazardous air pollutants as listed
by EPA, 15 of which are listed by the International Agency
for Research on cancer (IARC) as known, probable or
possible human carcinogens.® Thousands of studies also
have documented that fine particles are associated with
respiratory and cardiovascular diseases and death.
Additional studies have documented effects in infants and
children such as Sudden Infant Death syndrome (SIDS)
and retarded lung development.®

Now, for the first time, this report reveals the staggering
toll of death and disease from diesel exhaust in our air -
and the dramatic benefits of requiring the cleanup of the
nation’s existing diesel fleet. Abt Associates, using peer-
reviewed, state-of-the-art research methodology employed
by U.S. EPA in assessing the national benefits of proposed



National Annual Diesel Fine Particle
Health Impacts’

rules and legislation, finds that nearly 21,000 people will
die prematurely in 2010 in the U.S. as a result of exposure
to fine particle emissions from mobile diesel sources (i.e.,
all on-and non-road engines such as highway, construction,
rail, and marine engines). The average number of life-
years lost by those who die prematurely from exposure to
fine particles is 14 years.®

The deaths from diesel fine particle pollution equal or
exceed the death toll from other causes commonly
understood to be major public policy priorities. For in-
stance, drunk driving causes more than 17,000 deaths per
year.? There are more than 20,000 homicides in the U.S.
each year.'” Moreover, the approximately 15,000 prema-

Cancer Risk

ATF has calculated the national average lifetime excess
ancer risk posed by diesel. We base these estimates on
ggg modeled directly-emitted diesel fine particle concen-
trations and by applying both the EPA range of individual
risk estimates and the California Air Resources Board
(CARB) diesel risk factor for lung cancer over the U.S.
population.!® Although EPA has found diesel exhaust to be
a “likely” human carcinogen, EPA has not adopted a risk
factor but has, instead, provided a range of lung cancer
risk.'® Based on the national average diesel particulate
matter concentration, we find average lung cancer risk -
ranges from 12 to 1210 per million people over a 70-year
lifetime using EPA’s range of lung cancer risk.” Using the
same methodology, CATF finds that, based on the single
CARB risk factor, the nationwide average lifetime cancer
risk posed by diesel exhaust is over 350 times greater than
EPA's “acceptable” level of one cancer in a million.

For comparison, according to EPA’'s 1999 NATA
assessment, the combined risk from all other air toxics is

ture deaths per year that could be avoided by achieving a
75 percent diesel-risk-reduction target exceed the 11,000
automobile fatalities avoided each year through the use of
safety belts.”

The Abt Associates analysis further shows that
hundreds of thousands of Americans suffer from asthma
attacks, cardiac problems, and respiratory ailments
associated with fine particles from diesels. These health
damages result in thousands of respiratory and cardio-
pulmonary related hospitalizations and emergency room
visits annually as well as hundreds of thousands of lost
work days each year. For instance, the study finds that
diesel poliution leads to 27,000 heart attacks and 400,000
asthma attacks each year."?

You can find the adverse health impacts from diesel for
your state, metropolitan area, and county on the web at:
www.catf.us/goto/dieselhealth.

The risk from diesel exhaust can be virtually eliminated
by the application of emissions control strategies available
today. For example, an aggressive but feasible program to
reduce diesel particle emissions nationwide 50 percent by
2010, 75 percent by 2015, and 85 percent by 2020 would
save about 100,000 lives between now and 2030 — beyond
those lives that will be saved under EPA’'s new engine
regulations.'® Indeed, in the year 2000, the State of
California set a Diesel Risk Reduction goal of a 75 percent
reduction in diesel risk by 2010 and 85 percent by 2020
and the California Air Resources Board over the past few
years has begun to issue regulations to achieve it."

48 per million.'®
Therefore, diesel
exhaust presents a
lung cancer risk that is
7.5 times higher than
the cancer risk of all
other air toxics ~
combined!"® In
addition, CATF has
calculated the cancer
risk posed by diesel
for residents of each U.S. county. Residents of over two-
thirds of U.S. counties experience a cancer risk greater
than 100 in a million from diesel exhaust. Moreover,
residents of eleven urban U.S. counties face a diesel
cancer risk equal to 1,000 new cases of cancerin a
population of one million.

People who live in metropolitan areas with a high con-
centration of diesel vehicles and traffic feel their impacts




most acutely. For example, the estimated risk of lung
cancer from diesel in metropolitan areas is much higher
than in areas with fewer diesels. In the rural counties we
estimate a risk of 142 cancers per million based on the
CARB unit risk, but three times that rate, 415 cancer per
million, in urban counties. Therefore, the risk of lung cancer
for people living in urban areas is three times that for those
living in rural areas.?°

The Economic Toll of Health Effects

ratory distress severe enough to require a trip to the
iergency room can be a terrifying experience for patients
. Deir families. Victims of asthma attacks say that during

an attack they wonder if and when their next breath will
come. In addition to its serious physical and emotional
costs, air pollution also takes a large monetary toll.
Emergency room and hospital treatment costs can cripple
a family financially, with the average stay for a respiratory
ailment lasting about a week.2' Bouts of respiratory illness
and asthma attacks mean lost workdays and lost productiv-
ity. Although life is priceless, the government often mon-
etizes loss of life when setting policies related to health and
environmental protectiony. Using accepted valuation
methodology employed by EPA in recent regulatory impact
analyses, Abt Associates finds that the total monetized cost
of the U.S. diesel fleet's fine particle pollution is a stagger-
ing $139 billion in 2010.

major metropolitan area in 1999, the latest year for which
EPA’s best emissions inventory for diesel fine particles is
available.22 Not surprisingly,
heavily populated states
with concentrated urban
areas and significant diesel
traffic fared the worst.
Conversely, rural areas with
a lower concentration of
diesel vehicles fared much
better. Similarly, metropoli-
tan areas with large
populations and heavy
concentrations of diesel

State and Metropolitah Area Findings

You can find the community cancer risk from diesel for
your state, metropolitan area, and county on the web at:
www.catf.us/goto/dieselhealth. Personal risk varies with
location and lifestyle. For example, if you live near a bus,
truck, or train terminal, highway, construction site, or
warehouse, or commute to work on congested roadways,
your exposure may be higher than indicated by the county-
wide average estimated here.

Pollution from motor vehicles, including diesels, can obscure
cily vistas such as illustrated in this split view of Dallas, Texas.

vehicles feel the impacts of diesel pollution most acutely.2®
In such large metropolitan areas, many hundreds of lives

are shortened every year. However, because these state

and metropolitan-area health estimates include only fine
particles that are directly emitted from diesels — excluding
any secondarily-formed
particles from diesel
emissions of nitrogen or
sulfur oxides — they
significantly understate the
total adverse impact of
diesel-related particles on

" public health.?* Moreover,
these estimates exclude
any health impacts due to
diesel’s contribution to
0zone smog.



B States: Health Impacts from Diesel Fine Particles (1999)

Rank State

Heart Asthma Chronic  Work Loss Restricted
Attacks Attacks  Bronchitis Days  Activity Days

18,889

B Metro Areas: Health Impacts from Diesel Fine Particles (1999)

Metropolitan

Area

Metropolitan Cancer Heart
Area Rank  Deaths Deaths Attacks
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B Metro Areas: Per Capita Impacts from Diesel Fine Particles (1999)

Rank Deaths Heart Cancer
Based on per Attacks per Risk
Mortality 100,000 100,000 per
Risk MSA Adults Adults Million

Rank Deaths Heart Cancer
Based on per Aftacksper Risk
Mortality 100,000 100,000 per
Risk MSA Adults Adults Million

Allentown, PA

Lancaster, PA

at impose stringent emissions controls on new

2t vehicles, requiring tight emission standards and
cleaner diesel fuel. These standards go into-effect in 2007
and phase in over the next few decades. For example, the
table below illustrates the progressively tighter standards

EPA Standards for New Trucks and
Buses (g/bhphr)?®

for particulate
matter and
nitrogen oxides
from trucks and
buses over the
next few years.
However, the
emission rates of
the diesel engines on the road and in use on construction
sites and farms today are not affected by these rules.
Considering that according to the U.S. Department of
Energy the median lifetime for a heavy truck is nearly 30
years,? and a typical heavy duty diesel engine may power
a truck for as long as one and a half million miles,? these
vehicles will continue to pollute our air at unnecessarily
high levels for years to come unless we act to clean
them up now.
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The Most Widespread Air

Risk in the U.S.

Here are few other sources of widespread pollution in our
ironment that rival diesel exhaust as an airborne toxin.
Afmerica’s 13 million diesel engines release a host of harm-
ful substances including fine particles, ozone smog-forming
nitrogen oxides, carbon monoxide, and a variety of toxic
metals and organic gases such as formaldehyde, acrolein,
and polycyclic aromatic hydrocarbons (PAH.)?® In this
report we focus on the respiratory, cardiovascular, and
cancer effects of diesel fine particles only.3¢

Fine Particles are Linked to Heart
Attacks, Asthma Attacks, and
Stunted Lung Growth.

e articles have been linked to a wide variety of serious
th impacts, from upper and lower respiratory ailments,
#&ch as asthma attacks and possible asthma onset, to
heart attacks, stroke, and
premature death, including
crib death in children.3' How
risky is breathing air polluted
with particles? A study pub-
lished in the Journal of the
American Medical Associa-
tion found that living in the
most polluted U.S. cities
poses a risk similar to living
with a smoker.®2 Based on
thousands of studies com-
piled by EPA, federal health

Pollution

standards were established for fine particles in 1997.%4
Healthiresearchers have recently described serious
health impacts of fine particles, including:

B Abnormal heart rhythms and heart attacks and athero-
sclerosis;*

Increased incidence of stroke;3¢

Permanent respiratory damage, characterized by
fibrosis causing obstruction to airflow;¥

| Chronib adverse effects on lung development resulting
in deficits in lung function.38
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Diesel Exhaust is a Likely Carcinogen that also Impairs Immune,

Reproductive, and Nervous Systems.

1998, the Scientific Review Panel for the California Air
Resources Board reviewed diesel exhaust as a toxic air
Bontaminant and set a lifetime unit cancer risk from diesel
particles at 3'in 10,000 persons for each microgram of
annual average diesel exposure.®® This is equivalent to 300
in a million excess lung cancers. In May 2002, EPA issued
its Health Assessment for Diesel Exhaust which found
diesel particulate matter to be a “likely” carcinogen. EPA
did not settle on a unit risk factor but recommended a
lifetime cancer risk range from 1 in 1,000 to 1 in 100,000.4°
The California unit risk falls within this range.*!

Diesel particles are carbon at their core
with toxics and carcinogenic substances
attached to their surfaces.

Applying California’s cancer unit risk for diesel particu-
late matter to the national average concentration of
directly-emitted diesel fine particles in 1999, results in a
conservative estimate of 1,530 excess cases of lung
cancer per year for 2005.%2 An American Cancer Society
study of 150 metropolitan areas across the U.S published
in 2002 supports the particulate matter cancer link.*®
Other effects include:

B Immune System Effects — Diesel exposure is associ-
ated with numerous immune system responses in
humans and animals culminating in increased allergic
inflammatory responses and suppression of infection-
fighting ability. These effects include disruption of
chemical signals and production of antibodies, and an
alteration in mobilization of infection-fighting cells.*

® Reproductive, Developmental, and Endocrine
Effects — Diesel emissions have also been associated
with reproductive, developmental and endocrine effects
in animals. Specifically, diesel exposure has been
associated in animals with decreased sperm produc-
tion,* masculinization of rat fetuses,*® changes in fetal
development (thymus,*” bone* and nervous system*?)
and endocrine disruption, i.e., production of adrenal
and reproductive hormones.®

® Nervous System Effects — In addition to animal
studies that have shown neurodevelopmental effects, a
human study of railroad workers suggested that diesel
exposure may have caused serious permanent
impairment to the central nervous system.%*

Cancer-causing Pollutants in Diesel Exha




Children and Seniors are at Greatest Risk

varie of reasons.®® For example, children
are more active than adults and therefore
breathe more rapidly. Children also have
more lung surface area compared to their
body weight and therefore they inhale
more air pound-for-pound than adults do.
Compared fo adults, children also have
higher lung volume to body size, higher
respiration rates, and spend more active
time in the polluted outdoor environment.
Fine particles have been linked in medical
studies to serious health impacts in
children such as slowed lung function
growth, increased emergency room visits,
increased incidences of asthma and
bronchitis, and crib death. Furthermore,
proximity to traffic has been linked to
increased prevalence of asthma respira-
tory infections and allergic symptoms and
asthma hospitalizations in children.%®

Seniors are another important

population at risk. Studies of the impacts
of fine particles on seniors in Boston and
Baltimore suggest that changes in their
heart rhythms and control mechanisms
occur when particle levels rise. In
Phoenix, daily mortality increased in

the bus is ri
on ULSD
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seniors with increased levels of elemental and organic elevated fine particle levels put the elderly at risk and
carbon (typical of diesels and other motor vehicles) and suggest a possible mechanistic link between fine particles
fine particles. Collectively, these studies demonstrate that and cardiovascular disease mortality.>®

Today’s Dirty Diesels

B “On-road” or highway diesels include many types of
vehicles, such as municipal and commercial trucks and
buses. Heavy duty highway diesels range from 8,500 Ibs to '
those exceeding 60,000 Ibs, such as 18-wheelers. Of the
seven million diesels on the road today, 400,000 are school
buses and 70,000 are transit buses. Highway diesels
released 100,000 tons of directly-emitted fine particles in
2002, about one third of the total from diesels. Highway
diesels also released 3.4 million tons of nitrogen oxides
{NOy) in 2002, which accounted for 16 percent of all NOy
emissions and half of all diesel NO, emissions in the U.S.

® “Non-road” diesel engines and equipment do not typically
travel on roads or highways. There were approximately six
million non-road diesel engines in service in 2003. Examples of
these non-road diesels include construction equipment such as
excavators, mining equipment and agricultural machinery. In
2002, 155,000 tons or half of all the fine particles directly emit-
ted from diesels came from non-road engines. Non-road diesels
also released 1.6 million tons of NOy, 8 percent of all NO,
emissions and one quarter of all diesel NO, emissions in the
U.S. in 2002.%1

m Marine and river diesel emissions are dominated by large
commercial ships polluting our largest ocean and river port
cities. Efforts to control pollution from shipping have focused
on NO,, although these engines also emit substantial
quantities of fine particles. In 2002 marine diesel released
40,000 tons of directly-emitted fine particles, 13 percent of
all diesel fine particles in the U.S. Marine diesels in the U.S.
produced one million tons of diesel NOy in 2002, 5 percent
of all U.S. NO, emissions and 14 percent of all diesel NOy
emissions.5?

m Locomotive diesels account for a significant fraction of mobile
source emissions in the U.S. today. In many areas, diesel trains
travel through and pollute core urban and industrial areas.
Diesel locomotives released 20,000 tons of directly-emitted
diesel fine particles (six percent of all diesel fine particles) and
900,000 tons NO, (13 percent of diesel NOy). Diesel locomo-
tives typically have a useful life of 40 years and are commonly
rebuilt 5-10 times during their long service lives. For this reason,
cleaning up today’s locomotives is an important priority.5®

12
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Diesel “Hotspots”

Diesel Exhaust is Concentrated
Near Roadways and Intersections.

nlik@ industrial smokestack emissions, diesel typically is
mittgd at ground-level in places of concentrated popula-

i Qﬂ;ﬁ our communities along busy streets and at our
places of work. We often breathe diesel exhaust where it is
fresh and most toxic. While air quality modeling, such as
reported in our study, estimates average exposures in a
community, your individual exposure may be much greater
or smaller depending on a variety of factors. For example,
the distance from where you live to major roadways and
the nature of your commute to work may play a role.

Exposure to diesel exhaust is highest for those who:

m Operate or work around diesel engines — Occupa-
tional exposures to diesel are among the highest and
have been associated with increased incidence of
cancer. Furthermore, a study of diesel mechanics, train
crewmen, and electricians working in a closed space
near diesel generators suggests that diesel exposure
may have caused both airway obstruction and serious
impairment to the central nervous system. The report
concludes that “impaired crews may be unable to
operate trains safely.”s

m Live or work near areas where diesel emissions are
concentrated — Ambient diesel levels are highest near
highways, busy roadways, bus depots, construction
sites, railroad yards, ports and inland waterways with
diesel boat traffic, major bridges, tunnels, or freight
warehouses. People who live or work near these

facilities face the greatest risk. Numerous recent
medical studies have linked roadway proximity and
traffic pollution to disease, asthma hospitalizations, and
shortened life expectancy.®® For example, a 2004 study
in Ontario, Canada found increased risk of mortality
from heart and lung disease in people living within 100
meters of a roadway.®® New York City studies demon-
strate that diesel trucks create air toxics hot spots at
crossings, bus stops, and bus depots.®” Rait yards can
be diesel hotspots as well. For example, one study
found elevated risk levels — up to 500 in a million —
adjacent to a California rail yard.®® Another study found
elevated cancer risk for persons living near a ferry
port.5°

Regularly ride on school or transit buses, or
commuter trains — Children are exposed to elevated
levels of diesel as a result of the buildup of diesel
exhaust inside school buses — especially. with windows
closed.” Diesel exhaust levels on commuter trains and
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People living and working
near concentrated diesel
emissions such as busy
roadways have the greatest
exposure to diesel exhaust.

station platforms may also be
high.”

Commute daily in heavy
traffic — Commuters are
exposed to some of the highest
diesel emissions in their cars
due to pollutants released from
trucks and buses on the road with them. Car occupants
riding behind a diesel bus, for example, can experience
extremely high levels of dangerous fine particles.
Researchers in Los Angeles measured high fine particle
levels (130 ug/m®) behind an urban transit bus making
numerous stops.” Exposures to drivers can have
serious effects: a 2004 study suggests that young male
state troopers experienced cardiac inflammation and
heart rhythm changes from in-vehicle exposure to fine
particles.”®
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Diesel exhaust from trucks and buses can be found in
places we don’t expect. For example it can be trapped in
“urban canyons” and penetrate buildings through HVAC
systems.

Exposure to diesel exhaust is also an Environmental
Justice issue. Concentration of minority and low-income
populations are more likely to be found in cities near diesel
sources. Because these neighborhoods are exposed to
some of the highest diesel exhaust levels, residents are
certain to experience disproportionate health impacts.

Percentile
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60-80
40-60
| 20-40

0-20
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Directly-Emitted Diesel Fine Particle Concentrations
by County in the U.S. (1999)



A Solution Within Our Reach

Diesel Fine Particles Can Be Virtually Eliminated by Emission

Controls Available Today.

Vi ally all of the health risk posed by diesel exhaust can
e eliminated through the application of emissions control
tategies available today. For example, an aggressive but
feasnble program to reduce diesel particle emissions
nationwide 50 percent by 2010, 75 percent by 2015, and
85 percent by 2020 would save about 100,000 lives
between now and 2030 — beyond those lives that will be
saved under EPA’'s new engine regulations.” Adopting this

“Retrofit, Rebuild, Replace”

priety of practical strategies exist to reduce diesel
¢ le levels in America: tailpipe retrofits, clean fuels,
45 losdd crankcase filtration systems, engine rebuild and
' replaement requirements, emission specifications for
vehicles used in public works contracts, anti-idling ordi-
nances and legislation, truck stop electrification programs,
aggressive fleet turnover policies, and more.

The most cost-effective approach to reducing diesel
exhaust is likely in many cases to be the direct application
of retrofit technology. Although the purchase of new, much

cleaner vehicles will remain an important remedial strategy,

the replacement of the entire diesel fleet is an expensive
proposition that will have to be phased in over time. What's
more, we can meet the challenge of reducing fine particles
and related air toxics without replacing all vehicles right
now. Current technology can easily remove particles from
diesel exhaust. Retrofits that eliminate over 90 percent of
fine particles from a heavy duty diesel bus engine typically
cost $3,000-$7,500. This is a small expenditure when
compared to the typical $60,000-75,000 price tag for a new
school bus or $300,000 for a transit bus.””

Retrofits are available from many engine manufactur-
ers. They generally are easy to install especially on
highway vehicles. Nonetheless, it is important to point out
that retrofits are not a “one size fits all” proposition.
Retrofitting a fleet calls for careful planning and, often, a
mix of strategies that will depend on the make and model
year of the engines being retrofitted and funds available.
For example, some heavy-duty engines lack modern
electronic engine controls and are therefore are too old for
some retrofit devices. Other diesel equipment simply does
not have space for retrofit installation. Duty cycle is an
important consideration too. Some engines do not run
constantly which means that catalytic retrofit devices
requiring consistent high engine temperatures do not
operate as efficiently. Furthermore, some engines release

as a national goal would help states and municipalities set
milestones for improvement and would be consistent with
EPA's recently announced goal of retrofitting the entire U.S.
fleet of diesel vehicles by 2015.75 Indeed, California has
already set a Diesel Risk Reduction goal of 75 percent
2010 and 85 percent by 2020. Over the last few years the
California Air Resources Board has begun to issue
regulations to achieve these goals.”

Installing a diesel
particulate filter
(DPF) in this Atlanta
school bus simply
required removal and
replacement of the
muffler and tailpipe.

pollution from crankcase ventilation in addition to the
tailpipe. This calls for additional strategies. For some
vehicles and model years, replacement may be the best
option. As a result, fleets will need to develop individualized
strategies that optimize emission reduction from their
vehicles and equipment. Fortunately, this is not hard to do.
Catalyzed diesel particulate matter filters (DPF) can
reduce emissions of fine particles and adsorbed air toxics
by over 90 percent. DPFs have been used in thousands of
on- and non-road diesel applications. Diesel oxidation
catalysts (DOCs) represent a less expensive albeit less
effective option. They are smaller and therefore easier to
install. EPA has verified that they can reduce total particu-
late matter emissions by 10-30 percent. Like the DPF, the
DOC is also attached to the exhaust system. Installing one
on a diesel truck or bus costs about $1,000. DOCs may be
appropriate for vehicles built before 1995 that lack elec-
tronic controls and for construction equipment where there
is inadequate space for a DPF to be installed. DOCs have
been installed in more than 1.5 million trucks in the U.S.7
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Low Sulfur Diesel Fuels Are Requisite for Effective

Retrofit Controls.

=

D - particulate filters require low sulfur fuels because

the fuel can foul the emission control device.

Pnfg tunately, low sulfur fuels are not available everywhere
in the U.S. today (see http://www.epa.gov/otag/retrofit/
fuelsmap.htm for the current fuel availability map). Where
ULSD is available, decision makers should consider
requiring installation of filters where possible. Federal

- regulations have established diesel fuel and additive
formulation requirements for on-road vehicles, limiting fuel
sulfur content to 15 ppm nationwide beginning in 2006 for
use with 2007 highway vehicles. Starting in 2010, non-road
equipment will be required to use ULSD.

Biodiesel is another potential low-sulfur fuel choice that

UItraV IoW sulfur diesel fuel v]/ill be available nationwide mid-2006.

Recommendations

”T, ine particle pollution problem is so widespread in the
} about one quarter of the U.S. population resides in
as that violate the standard. EPA recently formally
des'ignated over 200 counties in “nonattainment” with the
annual fine particle standard.®® Countless additional
commuters may also spend significant time in areas
exceeding the standard where they work. But the rest of
the country is not safe from the risk posed by diesel
particles — science tells us that particle-related health
impacts don’t stop once the standard is achieved. Health
research has shown that there are adverse heaith impacts
from particles even at very low concentrations.®!

Cities and states that have been désignated as
“nonattainment” must act now to achieve meaningful
reductions in fine particles. For those areas, state imple-
mentation plans must be developed and presented to EPA

can achieve modest reductions in emissions when used as a
blend, or higher reductions when used at 100 percent.
Biodiesel is an alternative diesel fuel made from either
animal fats or plants such as soybeans.

Cities and States Must Act to Reduce Diesel.

for approval within three
years. Controls must then
be implemented and air
quality standards achiev-
ed by 2010. For this
reason, states and cites
must start now to deter-
mine how to achieve
substantial emissions
reductions. With rules to
reduce particles from

Cities should adopt and enforce
anti-idling ordinances.

power plants pending at EPA and expected to be finalized
in the near future, diesel emissions will become the largest
remaining share of the problem and the most cost-effective
solution, one that largely is within the control of states and

municipalities.

MA TURNPIKE AUTHORITY




Cities and states should:

m Establish ambitious goals for reducing risk to their
citizens by cleaning up existing diesels;

® identify priority geographic areas and diesel “hotspots”
for immediate attention;

® Adopt a package of options for reducing dlesel
exhaust including:

- Retrofits accomplished by replacing mufflers with
an optimal mix of filters or oxidation catalysts
depending on vehicle age and type;

— Requiring Ultra Low Sulfur Diesel and cleaner
alternative fuels;

— Closed crankcase ventilation systems to efiminate
engine exhaust from penetrating the cabins of
school and transit buses;

— Engine rebuild and replacement requirements;

- Truck stop electrification programs to give long-haul
truckers a way to power their rigs overnight without
running their engines;

— Contract specifications requiring cleanup of trucks
and construction equipment used in public works
projects.

® Adopt diesel cleanup measures as federally-enforce-
able requirements in State Implementation Plans
(SiPs) for the attainment of the fine particle and ozone
air quality standards;

m Create and fund programs to provide money for diesel
equipment owners to replace or rebuild high-polluting
diesel engines;

B Adopt and enforce anti-idling ordinances and legislation.

To meet this challenge, several states and cities have
begun to take action. California continues to lead the way
in reducing diesel emissions: adopting stricter fine particle
air quality standards, developing a statewide diesel risk
reduction plan, and establishing a state program to clean
up on- and non-road diesel engines ranging from garbage
trucks to stationary generators.?2 When completed, the
California program will regulate emissions from all existing
diesels within its jurisdiction.

Washington Must Support States

ates and cities cannot meet the challenge of diesel

! ctal costs of diesel exhaust and set tighter emission
stndards for new highway and non-road diesel engines
and mandated the availability beginning in 2006 of Ultra
Low Sulfur Diesel (ULSD) fuel nationwide. These require-
ments must be retained with no backsliding. In addition,
EPA has set a national goal of cleaning up all of America’s

Trucks parked at New York Thruway rest area shut off their
engines and plug into IdleAire facility for heat and electricity.

In New York, over 120,000 kids now ride a school bus
that has had a retrofit kit installed to reduce diesel emis-
sions. Under city and state law all New York City-sponsored
construction projects are required to use ULSD and all
heavy equipment engines at the sites must be retrofitted.
Likewise, Seattle, King County, and the State of Washing-
ton have made a solid start on diesel cleanup from on- and
non-road vehicles, and ships including a commitment to
retrofit up to 8,000 school buses using local, state, federal,
and SEP monies and buy up to 250 new diesel/electric
hybrid buses. Other cities also have made a start.®

California. and Texas have created funds — the “Carl
Moyer” program in California and the Texas Emission
Reduction Program (TERP) — to provide funding for diesel
equipment owners to replace or rebuild high-polluting
diesel engines.

NEW FLYER

Some cities are choosing Diesel Electric Hybrid buses as an
alternative to conventional diesel buses.

existing diesels by 2015 and has established a voluntary
retrofit program to begin to meet it.34 However, this
challenge will only be met with an aggressive set of policies
and adequate\ funding to ensure the goal can be accom-
plished.

Many states do not have the resources to clean up
state and municipally-owned vehicles. They will need the
support of the federal government to achieve EPA's goal.
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Federal action may also be needed to clean up transient
diesel vehicles, including long-haul trucks, marine diesel

The Federal government should:
m Pass legislation providing funding for the cleanup of

18

shipping in-U.S. ports, and locomotives that typically travel
from city to city dispersing their emissions along travel cor-

municipal and state fleet vehicles;

. . R m Explore regulatory options for reducing emissions from
ridors. Because the Clean Air Act contains limited authority N
. ) . existing interstate fleets such as long-haul trucks,
for EPA to establish national diesel retrofit rules, federal L L
i , . . shipping, and locomotives;
legislation will ultimately be needed to establish federal
m Retain and enforce the tighter new engine and cleaner

requirements and funding for a national retrofit program for
all diesel engines as well as these interstate diesels.

fuel standards for highway and non-road diesels.

Endnotes

Witson, Richard and Spengler, John, eds. Particles in Our Air: Concen-
trations and Health Effects (1999) p. 212.

trol of Emissions from Nonroad Diesel Engines,” EPA420-R-04-007.
(May 2004) http://www.epa.gov/nonroad-diesel/2004fr/420r 04007 .pdf.

2 Schwartz, J.,"Air Pollution Deadlier than Previously Thought,” Harvard It begins with EPA emissions inventory data, models the dispersion of
School of Public Health, Press Release, March 2, 2000. those emissions using the Regional Emissions Modeling System for
3 Laden, F, Neas, L., Dockery, D. and Schwartz, J., Association of Fine Acndeepgsxtlon 5R|EMSAD) air quallt‘y model, and th’eq app’:l'es a darq-
Particulate Matter from Different Sources with Daily Mortality in Six U.S. e ggﬁg"f‘rr;rtr']":‘ngzzﬁggscﬁ‘;igggﬁ b ;?J ;ﬁ:;
gﬂe; 4I;r.1V|ronmentaI Health Perspectives, Vol. 108, No. 10, (2000) p. This analysis estimates the adverse health endpoints attributable to die-
. ) sel PM2.5 in the year 2010. For a summary of CATF's methodology and
4 - Nemmar, A. et al., Passage of Inhaled Particles Into the Blood Circula- FAQs please go to www.catf.us/goto/dieselhealth/ and click on “learn
tion in Humans. Circulation, Vol. 105, (2002), 411-414 ; Donaldson, more.” For-Abt Associates’ ASPEN and REMSAD reports please see:
Ken, et al., Ambient Particle Inhalation and the Cardiovascular System: WWW.Catf,us/goto/AbASPEN/ and www.catf. Us/goto/ADREMSADY.
Potential Mechanisms, Envir. Health Perspectives, Vol. 109, Supp. 4, . ) S
Aug. 2001, p. 525.1 13  Estimate is based on EPA methodplogy described.in EPA Memoran-
f . . dum, Bryan Hubbell to Sam Napolitano, July 2, 2001. Estimated NO,
5  National Center for Environmental Assessment, Office of Research and S0, and PM emissions health damages for heavy duty vehicle emis-
Development, U.S. EPA. EPA/600/8-90/057F. May 2002. International siozns.
Agency on Cancer, Monograph 46. See at: http://www-cie.iarc.fr/htdocs/ : ; TS
monographs/vol46/46-01.htm; California Air Resources Board (1998) 14 mﬁ%%ﬁ&n%ggsg n‘zesfitirflgzkgmgg p;?g';l]'tg?rt:g toeg?tgbgg I:];?,g}lsa
Proposed Identification of Diesel Exhaust as a Toxic Air Contaminant; California h P d plans t Y pl e additi Y | critical reaul )
See also, California Environmental Protection Agency, Air Resources -2l o.rnle;. as anrflounce pians to promu g.z;'ea itional crt 'cfl reguia-
Board, Office of Environmental Health Hazard Assessment, April 22, 1998; tions in the next few years to address S|gg| Ilf;ant.soqrc;s suc aséconé
CalEPA (2002). Health Assessment for Diesel Engine Exhaust; Struction, agncult‘ure, aqd inland shlpplpg._ alfornia Arr ESOUrCes oar.
. o . ) (CARB) 2004a. Air Quality Almanac Emission Projections. Online at http:/
6  American Academy of Pediatrics, Committee on Environmental Health, Jwww.arb.ca.gov/emisinv/emsmain/emsmain.htm; California Air Re-
Ambient Air Pollution: Health Hazards to Children, Pediatrics, Vol 114, sources Board (CARB). 2003a. Staff Report: Initial Statement of Rea-
No. 6, (December 2004) pp. 1699-1707. Available at www.pediat rics.org. sons: Proposed Diesel Particulate Matter Control Measure for On Road
For acomplete summary of studies of particulate matter and health see: Heavy-Duty Residential and Commercial Solid Waste Collection Vehicles.
EPA Air Quality Criteria for Particulate Matter, October 2004 avaialble at: Sacramento, CA: California Environmental Protection Agency. Califor-
http://cfpub.epa.govincea/cfm/partmatt.cfm nia Air Resources Board (CARB) 2003b Staff Report: Initial Statement
7 Modeled health impacts of less severe acute health impacts (e.g. other of Reasons for Proposed Rulemaking: Airborne Toxic Control Measure
than mortality, heart attacks) likety understate the full magnitude of the for Stationary Compression Ignition Engines. Sacramento, CA: Califor-
impacts because many cases go unreported (e.g. asthma, bronchitis nia Environmental Protection Agency, Stationary Source Division Emis-
self-treatment, or treatment in small clinics or private offices.) Further- sions Assessment Branch;. California Air Resources Board (CARB)
more, the U.S. does not manage a central database of national health 2003c. REVISED ~ Staff Report: Initial Statement of Reasons for Pro-
records. posed Rulemaking: Airborne Toxic Control Measure for In-use Diesel
8 US.EPA, OAR, "Final Report to Congress on Benefits and Costs of the Fueled Transport Refrigeration Units (TRU) and TRU Generator Sets,
Clean Air Act,1970-1990," EPA 410-R-97-002, (1997) page 1-23at http:/ and Facilities Where TRUs Operate. Sacramento, CA: California Envi-
hwww.epa.gov/air/sect812/appen_i.pdf. ronmental Protection Agency, Stationary Source Division Emissions
i i ; bt Assessment Branch. The Union of Concerned Scientists recently esti-
° (l;/l g)(t)hsgi f\ ?;"gglth?r:fnk Driving onfine at: ttp://www.madd.org/stats/ mated the costs and benefits of achieving the CARB Diesel Risk Reduc-
10 Arias, E. et al.. “Deaths: Final f ) tion goal. See Union of Concerned Scientists, Slc_‘k of Soot: Reducing
rias, E. et al., "Deaths: Final Data for 2001, Centers for Disease Con- the Health Impacts of Diesel Pollution in California (June 2004) avail-
trol,.52 National Vital Statistics Reports No. 3 (September 18, 2003). able online at: http://www.ucsusa.org/clean_vehicles/trucks_and_buses/
Available online at: http://www.cdc.gov/nchs/data/nvsr/nvsr52/ page.cfm?pagelD=1429 - -
msr52_03paf . . . ) 15  This analysis was performed by multiplying modeled ASPEN (Assess-
1 U.§: Depgrtment qf Transportation, National Highway Trafﬂc Safety'Ad- ment System for Population Exposure Nationwide) 1999 county-level
ministration Traffic Safety Facts 2000: Occupant Protection (Washing- ambientt diesel PM2.5 concentration data times: (1) the upper and lower
ton, D.C. 2001). Available online at: http://www.bts.gov/publications/ bounds of EPA's possible diesel particulate matter cancer risk range;
transportation_statistics_annual_report/2001/html/chapter_ and (2) the California Air Resources Board diesel cancer unit risk factor.
06._figure_01_152_table_.html See: California Diese! Risk Reduction Plan: http://www.arb.ca.gov/die-
12 This analysis is based on methodology approved by U.S. EPA's Science sel/documents/rrpapp.htm; EPA, Health Assessment Document for Diesel

Advisory Board and used by EPA in the Regulatory Impact Analysis
(RIA) of the non-road rule. EPA Final Regulatory Impact Analysis, “Con-

Exhaust, Office of Research and Development, EPA/600/8-90/057F (May
2002). The United States Public Interest Research Group previously used



16

17

19

20

21

22

23

24

a similar methodotlogy i.e., multiplying the CARB unit risk factor by 1996
National Air Toxics Assessment fine particle concentration data to de-
rive national, state, and local additional cancer risk (cancers per million
people) from diesel fine particles. U.S. PIRG Education Fund, Dangers
of Diesel: How Diesel Soot and Other Air Toxics Increase Americans’
Risk of Cancer (October 2002).

“The estimated possible risk ranges (10 to 10 as well as lower and
zero risk) provide a perspective of the potential significance of the lung
cancer hazard.” EPA, Health Assessment Document for Diese! Exhaust,
Office of Research and Development, EPA/600/8-90/057F (May 2002)
at p. 8-15. For CARB unit risk value, see: Findings of the Scientific Re-
view Panel on The Report on Diesel Exhaust as adopted at the Panel's
April 22, 1998, meeting. http://www.arb.ca.gov/toxics/dieseltac/de-
fnds.pdf. See also, http://www.arb.ca.gov/regact/diesltac/diesitac.htm.
The findings in this report based on the CARB unit risk factor are con-
sistent with EPA's possible diesel risk range e.g., 3 X 10-* is within EPA's
range of 103 to 105,

The number per million is the chance in a population of a million people
who might be expected to get cancer over a 70-year lifetime. A potential
cancer risk of 10 in a million means if one milflion people were exposed
to a certain level of a pollutant or chemical there is a chance that 10 of
them may develop cancer over their 70-year lifetime. This would be 10
new cases of cancer above the expected rate of cancer in the popula-
tion. According to CARB the expected rate of cancer for alf causes, in-
cluding smoking, is about 200,000 to 250,000 chances in a million (one
in four to five people).

For 1999 NATA national excess cancer risk from air toxics other than
diesel see: Inside EPA, Inside Washington Publishers, (December 15,
2004) http://www.insideepa.com/

This finding is based on inhalation as the only exposure path and is
limited to the thirty-three air toxics included in EPA's National Air Toxics
Assessment (NATA). The relative cancer risk of diesel particulate matter
is calculated as a ratio of the cancer risk of all air toxics tracked by EPA
in the NATA divided by the risk of diesel particulate. We calculated the
cancer risk for diese PM in the U.S. based by applying the CARB cancer
unit risk factor for diese! particulate matter to 1999 ASPEN model aver-
age national ambient concentration results for diesel PM. (Source for
national toxic risk: Inside EPA, Inside Washington Publishers, Decem-
ber 15, 2004.) :

According to the EPA's categorization of counties as urban or rural, the
average ASPEN 1999 ambient diesel fine particle concentration is 1.3822
ug/m? for urban counties and 0.4730 ug/m?® for rural counties. The overall
national average-is 1.2096 ug/m®. These averages are population
weighted. These averages convert (using the 0.0003 factor) to cancer
risks of 415 per million urban, 142 per million rural, and 363 per million
average.

U.S. Centers for Disease Control and Prevention, "National Hospital Dis-
charge Summary 1998,” Advance Data #316 (June 30, 2000). Available
online at: http://www.cdc.gov.nchs.

This analysis was performed tsing 1999 county-level ambient diesel
PM2.5 concentration data modeled using the Assessment System for
Population Exposure Nationwide (ASPEN) air quality model, and then
by applying a damage function mode! using concentration-response re-
lationships to estimate adverse health endpoints from modeled changes
in air quality. For a full discussion of the methodology used, please see:
www.catf.us/goto/ADtASPEN/. For health impacts in your city and state
see: http://www.catf.us/goto/dieselhealth.

The new heaith findings provided in this report by Abt Associates are
derived from average modeled estimates of ambient concentrations of
diesel particulate matter for entire counties. Many people experience
higher diesel exposure situations depending upon where they live and
work, for example, such as working near diesel engines, living near
diesel sources or commuting regularly on roadways with diesel traffic.
The quantitative estimates of death and disease we provide in this re-
port are based on average exposures only and do not represent the
risks associated with high diesel exposures. Furthermore, these heaith
findings do not include the impacts from all toxic constituents in diesel
exhaust, only directly-emitted particulate matter.

The state and metropolitan area health effects reported here exclude
those associated with secondarily-formed fine particles, i.e., particles

25

26

27

28

29

30

31

32

33

34

35

formed from gaseous emissions through post-emission atmospheric
chemical reactions. Typically, these include nitrate from nitrogen oxide
emissions and sulfate from sulfur dioxide emissions. Secondarily-formed
fine particles may make up as much as one-third of diesel-related par-
ticles. See Lloyd, A. C., and Cackette, T.A. (2001). Diesel engines: Envi-
ronmental Impact and Control. Journal of Air and Waste Management
Association, v. 51, p. 809-847, June 2001.

Environmental Protection Agency fact sheet: Diesel Exhaust in the United
States. EPA 420-F-02-048, September, 2002. Available at: http://
www.epa.gov/otag/rétrofit/documents/420f03022.pdf. The unit of mea-
sure used by EPA for diesel emissions, g/bhp-hr =grams of pollutant
released per brake horsepower hour.

1990 Truck Survival Rate, U.S. DOE, (2003) Available at: http://www-
cta.ornl.gov/data/tedb23/Spreadsheets/Table3_11.xls

EPA Fact Sheet, "Proposal for Cleaner Heavy-duty Trucks and Buses
and Cleaner Diesel Fuel,” (May 17, 2000).

1990 Truck Survival Rate, U.S. DOE, (2003) Available at: http://www-
cta.ornl.gov/dataftedb23/Spreadsheets/Table3_11.xIs

California Air Resources Board, "Risk Reduction Plan to Reduce Par-
ticulate Matter Emissions from Diesel-Fueled Engines and Vehicles,”
CARB Mobile Source Controt Division, (October 2000).

For a more thorough discussion of the full panoply of diesel-related
health effects please see CATF white paper at www.catf.us/goto/
dieselwhitepaper/. For the two most comprehensive U.S. risk assess-
ments for diesel exhaust, see the EPA health assessment document at:
http:/cfpub. epa.gov/ncea/cfm/recor display.cfm?deid=29060 and the
California health assessment at: http://www.arb.ca.gov/toxics/dieseltac/
staffrpt.pdf.

Pope, C.A., Thun, M.J., Namboordiri, M.M. and Dockery, D.W., et al.;
Particulate Air Pollution as a Predictor of Mortality in a Prospective Study
of U.S. Adults,. 151 American Journal of Respiratory and Critical Care
Medicine (1995). Available online at http://ajrccm.ats journais.org/
search.shtml; Krewski, D., Burnett, R.T., Goldberg, M.S., Hoover; K.,
Siemiatycki, J., Jerrett, M., Abrahamowicz, A. and White, W.H., Reanalysis
of the Harvard Six Cities Study and the American Cancer Society Study
of Particulate Matter and Mortality, Special Report to the Health Effects
Institute, Cambridge, MA (July 2000); Samet, J.M., Dominici, F., Zeger,
S.L., Schwartz, J. and Dockery, D.W. National Morbidity, Mortality and
Air Pollution Study, Part II: Morbidity, Mortality and Air Pollution in the
United States; Health Effects Institute Research Report No. 94, Cam-
bridge MA (June 2000); Dockery, D.W., Pope, C.A., Xu, S. and Spengler,
J.D., et al; An Association Between Air Pollution and Mortality in Six
U.S. Cities, 329 New England J. Medicine 1753-59 (1993). Available
online at http://nejm.org/content/1993/0329/0024/1753.asp; Woodruff,
T., Grillo, J. and Schoendorf, K. 1997. The relationship between selected
causes of postneonatal infant mortality and particulate air pollution in
the United States. Environmental Health Perspectives, vol. 105, p. 608-
612.

New York University, Press Release, "Most Definitive Study Yet Shows
Tiny Particles in Air Are Linked to Lung Cancer,” March 5, 2002; Pope.
C.A., Burnett, R.T., Thun, M.J, Calle, E.E., Krewski, D., Ito, Kaz, and
Thurston, G.D., Lung Cancer, Cardiopulmonary Mortality, and Long Term
Exposure to Fine Particulate Air Poliution, Journal of the American Medi-
cal Association, Vol. 287, (2002), p. 1132-1141.

Peters, A., Increased Particulate Air Pollution and the Triggering of Myo-
cardial Infarction, Circulation, Vol. 109, (June 12, 2001); Donaldson, K.,
et al. Ambient Particle Inhalation and the Cardiovascular System: Po-
tential Mechanisms, Environmental Health Perspectives, Vol. 109, Supp.
4; Ghio, A.J., and Deviin, R.B., (2001). Inflamatory Lung Injury After
Bronchial Instillation of Air Pollution Particles, American Journal of Res-
piratory Critical Care Medicine, Vol. 164, (2001) p. 704-708; Nemmar,
A., Hoet, P, Dinsdale, D.,Vermylen, J., Hoylaerts,M., and Nemery, B.,
Diesel Exhaust Particles in Lung Acutely Enhance Experimental Periph-
eral Thrombosis, Circulation. Vol. 107, (2003), pp.1202-1208.
National Ambient Air Quality Standards for Particulate Matter, Final Rule.
40 CFR Part 50. EPA Federal Register, vol. 162, no. 138, Friday July 17,
1997 at page 38651, See at: http://www.epa.gov/ttn/oarpg/t1/fr_notices/
pmnaags.pdf

Peters, A., and Pope, A.C., Cardiopulmonary Mortality and Air Pollution,

19



20

36

37

38

39

40

41

42

43

44

45

46

47
48

49

The Lancet, Vol. 360, (October 19, 2002), p.1184, http:/cf pub.epa.gov/
ncea/cfm/recordisplay.cfm?deid=29060; Brook, R.D., Brook, J.R., Urch,
B., Rajagopalan, S., Silverman, P,, Inhalation of Fine Particulate Air Pol-
lution and Ozone Causes Acute Arterial Vasoconstriction in Healthy
Aduits, Circulation, Vol.105, (2002), pp. 1534-1536, hitp://cfpub.epa.gov/
ncea/cfm/recordisplay.cfm?deid=29060; Peters, A., Dockery, D.W.,
Muller, J.E., Mittleman, M.A., Increased Particulate Air Pollution and the
Triggering of Myocardial Infarction, Circulation, Vol. 103, (2001), pp.
2810-2815; Peters, A., Liu, E., Verier, R.|. et al., Air Pollution and Inci-
dence of Cardiac Arrhythmia, Epidemiology, Vol. 11, (2000), pp.11-17.

Hong, V., Lee, J., Kim, H., Kwon, H., Air Pollution. A New Risk Factor in
Ischemic Stroke Mortality, Stroke, Vol. 33, (2002), pp.2165-2169; Hong,
Y. Lee, J., Kim, H., Ha, E., Schwartz, J. and Christiani, D.C., Effects of
Air Pollutants on Acute Stroke Mortality, Environmental Health Perspec-
tives, Vol. 110, No. 2, (February 2002).

Churg, A., Brauer, M., Avila-Casado, M., Fortoul, T.I., and Wright, J.L.,
Chronic Exposure to High Levels of Particulate Air Pollution and Small
Airway Remodeling, Environmental Health Perspectives, Vol.111, No.
5, (2003), pp. 714-718. )

American Academy of Pediatrics, Committee on Environmental Health,
Ambient Air Pollution: Health Hazards to Children, Pediatrics, Vol. 114,
No. 6, (December 2004).

California Air Resources Board (1998) Resofution 98-35. Identification
of diesel exhaust as a toxic air contaminant.

EPA, Health Assessment Document for Diesel Exhaust, Office of Re-
search and Development, EPA/600/8-90/057F (May 2002) at: http://
cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=29060

Findings of the California Air Resources Board's Scientific Review Panel
on The Report on Diesel Exhaust as adopted at the Panel's April 22,
1998, meeting. http://www.arb.ca.gov/toxics/dieseltac/de-fnds.pdf.

The national average ambient diesel particulate matter concentration
from 1999 ASPEN modeling (1.21 ug/m®) was multiplied times the CARB
diesel particulate matter unit risk of 3 in 10,000 per 1.0 ug/m® and dis-
tributed over the 2005 U.S. population to get total of 107,000 lifetime
cancers assuming a 70-year lifetime of exposure to the national aver-
age ambient concentration. The annual estimated impact is calculated
by dividing the 107,000 lifetime cancers by 70 years, arriving
at 1,530 annual cancers attributable to diesels per year. This estimate is
likely very conservative (low) because urban areas where larger popula-
tions dwell, are characterized by concentrations that are much higher
than the national average. .

Pope. C.A., Burnett, R.T., Thun, M.J, Calle, E.E., Krewski, D., Ito, Kaz,
Thurston, G.D., Lung Cancer, Cardiopulmonary Mortality, and Long Term
Exposure to Fine Particulate Air Pollution, Journal of the American Medi-
cal Association, Vol. 287, (2002), pp. 1132-1141.

Diaz-Sanchez, D., et al., Diesel Exhaust Particles Induce Local IgE Pro-
duction in Vivo and Alter the Pattern of IgE Messenger RNA Isoforms, J.
Clin. Invest., 94:1417-1425 (1994); Diaz-Sanchez, D., The Role of Die-
sel Exhaust Particles and Their Associated Polyaromatic Hydrocarbons
in the Induction of Allergic Airway Disease, Allergy 52 (Suppl. 38), 52-
56, (1997); Castranova, Vincent, et al., Effect of Exposure to Diesel
Exhaust Particles on the Susceptibility of the Lung to Infection, EHP,
Vol. 109, Suppl. 4, (August 2001),609-612.

Watanabe and Oonuki, Inhalation of Diesel Engine Exhaust Affects Sper-
matogenesis in Growing Male Rats, Environmental Health Perspectives,
Vol. 107, No. 7, (July 1999), 539-544.

Watanabe, N., and Kurita, M., The Masculinization of the Fetus During
Pregnancy Due to Inhalation of Diesel Exhaust, Environmental Health
Perspectives, Vol. 109, No.2, (Feb. 2001).

id.

Callahan, J.F., et al. The Subchronic Inhalation Toxicity of DF2 (diesel
fuel) used in Vehicle Engine Exhaust Smoke Systems, Maryland: Chemi-
cal Research and Development Center, (1986) pp. 1-152.

Laurie, R.D., and Boyes, W.K., Neurophysiological Alterations Due to
Diesel Exhaust During the Neonatal Life of the Rat, Environ Int., (1981)
b:5:363-8; Laurie, R.D., Boyes, W.K., and Wessendarp, T., Behavioral
Afterations Due to Diesel Exhaust Exposure, Environ Int., (1981). a:5:357-
61; Pepelko, W.E.-and Peirano, W.B., Health Effects of Exposure to Die-
sel Engine Emissions: a Summary of Animal Studies Conducted by the

50
51

52

53

54

55

56

57

58
59

US EPA’s Health Effects Research Laboratories at Cincinnati, Ohio, J.
Am. Coll. Toxicol. 1983:2(4):253-306.

Watanabe (1999); Watanabe (2001).

Kilburn, K.H., Effects of Diesel Exhaust on Neurobehavioral and Pulmo-
nary Functions, Archives of Environmental Health, Vol. 55, No. 1, (2000),
pp. 11-17.

Environmental Protection Agency, "The Projection of Mobile Source Air
Toxics from 1996 to 2007: Emissions and Concentrations,” August, 2001.
(Totals do not reflect marine, rail, aircraft contributions)

EPA Heaith Assessment for Diesel Exhaust (2002) deemed diese!l par-
ticulate matter a "likely” carcinogen, using yet-to-be-approved termi-
nology. "Likely” under EPA's proposed terminology is equivalent to "prob-
able” under EPA's approved terminology.

EPA Health Assessment for Diesel Exhaust (2002). EPA declined to as-
sign a unit risk for diesel particulate matter in the diesel Health Assess-
ment, however EPA has indicated a probable range of 10-3 to 10-5 which
translates to 12 to 1210 cancers per million. Source for CARB Unit Risk:
California Air Resources Board (1998): Staff Report for Rulemaking.
Identification of diesel exhaust as a toxic air contaminant http:/
www.arb.ca.gov/regact/diesitac/diesltac.htm;

Wiley, J.A., Robinson, J.P, Cheng, Y.T, Piazza, T., Stork, L., and Pladsen,
K., Study of Children’s Activity Patterns, Final Report Contract No. A733-
149, Survey Research Center, University of California, Berkeley, (Sep-
tember 1991); Snodgrass, W.R., Physiological and Biochemical Differ-
ences Between Children and Adults and Determinants of Toxic Response
to Environmental Pollutants, in Guzlean, et al., Similarities and Differ-
ences Between Children and Adults: Implications for Risk Assessment,
1151 Press, Washington, DC. (year unknown); Thurston, G. D., "Par-
ticulate Matter and Sulfate: Evaluation of Current California Air Quality
Standards with Respect to Protection of Children,” California Air Re-
sources Board, Office of Environmental Health Hazard Assessment, (Sep-
tember 1, 2000), hitp://www.arb.ca.gov/ch/ceh/airstandards.htm

Pope, C.A., and Dockery, D.W., Acute Health Effects of PM1T0 Pollution
Symptomatic and Asymptomatic Children, American Review of Respi-
ratory Disease, Vol. 145, (1992), pp. 1123-1128; Tolbert, P., et al. Air
Quality and Pediatric Emergency Room Visits for Asthma in Atlanta,
Georgia, American Journal of Epidemiology, Vol. 151, No. 8, (2000),
pp. 798-810; Norris, G., Young Pong; N., Koenig, J., Larson, T., Sheppard,
L. and Stout, J., An Association Between Fine Particles and Asthma
Emergency Department Visits for Children in Seattle, Environmental
Health Perspectives, Vol. 107, No. 6, (1999), pp. 489-493; Gauderman,
W.J., McConnell, R., Gilliland, F., London, S., Thomas, D., Avol, E., Vora,
H., Berhane, K., Rappaport, E., Lurmann, F., Margolis, H.G., and Peters,
J., Association Between Air Pollution and Lung Function Growth in South-
ern California Children, American Journal of Respiratory and Critical
Care Medicine, Vol. 162, No. 4, (2000), pp. 1-8; Brauer, M., Hoek, G.,
Van Viiet , P, et al., Air Pollution from Traffic and the Development of
Respiratory Infections and Asthmatic and Allergic Symptoms in Chil-
dren, American Journal of Respiratory and Critical Care Medicine,
Vol.166 , (2002), pp. 1092-1098; Lin, S., Munsie, J., Hwang, S.,
Fitzgerald, E., and Cayo, M., Childhood Asthma Hospitalization and Resi-
dential Exposure to State Route Traffic, Environmental Research Sec-
tion A 88, (2002), pp. 73-81; Kim, J., Smorodinsky, S., Lipsett, M., Singer,
B., Hodgson, A., and Ostro, B., Traffic-related Air Pollution near Busy
Roads The East Bay Children’s Respiratory Health Study, American Jour-
nal of Respiratory and Critical Care Medicine, Vol. 170, (2004), pp. 520-
526; Woodruff, T., Grillo, J. and Schoendorf, K., The Relationship Be-
tween Selected Causes of Postneonatal Infant Mortality and Particulate
Air Pollution in the United States, Environmental Health Perspectives,
Vol. 105, (1997). pp. 608-612.

Latest statistics from the U.S. Department of Transportation tell the story:
school buses have the best safety record of any form of transportation.
Last year, just six youngsters were killed as school bus occupants. Yet,
800 youngsters are killed every year getting to and from school by some
other means than a school bus, Source: School Bus Information Coun-
cil: http:/Awww.schoolbusinfo.org/report.hitm

See: http:/fwww.epa.gov/cleanschoolbus/

Gold, D., Litonjua, A., Schwartz, J., Lovett, E., Larson, A., Nearing, B.,
Allen, G., Verrier, M., Cherry, R., and Verrier, R. Ambient Pollution and
Heart Rate Variability, Vol. 101, No. 11, (21 March 2000), pp. 1267-



60

61

62

63

64

65

66
67

68

69

70

1273; Liao,D., Creason, J., Shy,C., Williams, R., Watts, R., and
Zweidinger, R., Daily Variation of Particulate Air Pollution and Poor Car-
diac Autonomic Control in the Elderly, Environmental Health Perspec-
tives, Vol. 107, No.7. (Juty 1999); Mar,T., Norris,G., Koenig, J. and Larson,
T., Associations Between Air Pollution and Mortality in Phoenix, 1995-
1997, Environmental Health Perspectives, Vol.108, No. 4, (April 2000).

For engine population data: EPA Diesel Engine Census, EPA Office of
Transportation and Air Quality, 2004. For most recent highway diesel
emissions see EPA Emissions Trends Report for 2002 at: http://www.
epa.gov/tin/chiefftrends/trends02/trendsreportallpollut ants 111504 .xis

For descriptions of non-road engines see: EPA non-road rule: http://
www.epa.gov/air/off-road/. For most recent non-road diese! emissions
see: EPA Air Quality Trends for 2002 at: http://www.epa.gov/ttn/chief/
trends/trends02/trends reportalipoliutants111504.xls

For most recent marine diese! emissions see: EPA 2002 Emissions Trends
Report at: http://www.epa.gov/ttn/chief/trends/trends02/trendsreport
alpollutants111504.xis

For most recent locomotive diesel emissions, see: EPA 2002 Emissions
Trends Report at: http://www.epa.gov/ttn/chief/trends/trends02/
trendsreportallpoliutants111504.xls

For summary of occupational studies: Cohen, A.J., and Higgins, MW.P,
Health Effects of Diesel Exhaust: Epidemiology, Diesel Exhaust : A Criti-
cal Analysis of emissions, Exposure and Health Effects, pp. 251-292,
Health Effects Institute, Cambridge MA., (April 1995). For most com-
prehensive and recent U.S. study: Garshick, E., Laden, F., Hart, J., Rosner,
B., Smith, T., Dockery, D. and Speizer, F., Lung Cancer in Railroad Work-
ers Exposed to Diesel Exhaust, Environmental Health Perspectives, Vol.
122, No. 15, (November 2004), pp. 1539-1543. For nervous system
effects: Kilburn, K.H., Effects of Diesel Exhaust on Netrobehavioral and
Pulmonary Functions, Archives of Environmental Health, Vol. 55, No. 1,
(2000), pp. 11-17.

Finkelstein, M., Jerrett, M., and Sears, M., Traffic, Air Pollution and Mor-
tality Rate Advancement Periods, American Journal of Epidemiology,
Vol. 160, (2004), pp. 173-177; Peters, ‘A., Von Klot, S., Heier, A.,
Trentinaglia, |, Hormann, A., Wichmann, E., Lowel, H., Exposure to Traffic
and the Onset of Myocardial infarction, NEJM, Vol. 351, No 17, (Octo-
ber 15, 2004); Hoek, G., Brunekreef, B., Goldbohm, S., Fischer, P. and
van den Brandt, P., Association Between Mortality and Indicators of Traf-
fic-Related Air Pollution in the Netherlands: a Cohort Study, The Lancet,
Vol. 360, December 19, 2002, pp.1203-1209; Brauer, M., Hoek, G., Van
Vliet, P, etal., Air Pollution from Traffic and the Development of Respi-
ratory Infections and Asthmatic and Allergic Symptoms in Children,
American Journal of Respiratory and Critical Care Medicine, Vol.166,
(2002). pp. 1092-1098; Lin, S., Munsie, J., Hwang, S., Fitzgerald, E.,
and Cayo, M., Childhood Asthma Hospitalization and Residential Expo-
sure to State Route Traffic, Environmental Research Section A 88, (2002),
pp. 73-81.

Finkelstein, M., et al. (2004).

Kinney, P., Aggarwal, M., Northridge, M., Janssen, N., and Shepard, P,
Airborne Concentrations of PM2.5 and Diesel Exhaust Particles on Harlem
Sidewalks: A Community-Based Pilot Study, Environmental Health Per-
spectives, Vol. 108, No.3, (2000); Lena, S., Ochieng, V., Carter, M.,
Holguin-Veras, J., and Kinney, P., Elemental Carbon and PM2.5 Levels
inan Urban Community Heavily Impacted by Truck Traffic, Environmen-
tal Health Perspectives, Vol. 110, No.10 (2002).

California EPA (2004). Roseville Rail Yard. Study. Available at: http://
www.arb.ca.gov/diesel/documents/rrstudy/rrstudy101404.pdf

California Air Resources Board, staff report: initial statement of reasons
for proposed rulemaking. “Proposed Regulatory Amendments Extend-
ing the California Standards for Motor Vehicle Diesel Fuel to Diesel Fuel
Used in Harborcraft and Intrastate Locomotives,” October 2004. Avail-
able at: http://www.arb.ca.gov/regact/carblohc/isor.pdf

Hill, L.B., Zimmerman, N.J., and Gooch, J., A Multi-City Investigation of
the Effectiveness of Retrofit Emissions Controls in Reducing Exposures
to Particulate Matter in School Buses, Clean Air Task Force Report,
(2005). Available at: http://www.catf.us/publications/reports/CATF-
Purdue_Multi_City_Bus_Study.php; Wargo, J., and Brown, D., Children’s
Exposure to Diesel Exhaust on School Buses. Environment and Human
Health Inc., (February 2002), p. 76. http://www.ehhi.org/pubs/
children_diesel.html; Natural Resources Defense Council, No Breathing

n

12

73

74

75

76

77

18

79

80

81

82

83

84

in the Aisles. Diesel Exhaust Inside School Buses (2001). Available at:
http://www.nrdc.org/air/transportation/schoolbus/sbusinx.asp; Califor-
nia Air Resources Board, “Characterizing the Range of Children’s Pol-
lutant Exposure During School Bus Commutes,” (2003). Available at:
http://www.arb.ca.gov/research/schoolbus/schoolbus.htm

Northeast States for Coordinated Air Use Management: Unpublished

data, 2004.

Fruin, et al., Fine Particle and Black Carbon Concentrations Inside Ve-
hicles, 10th Annual Conferénce of the International Society of Exposure
Analysis, Oct. 2000.

Riediker, M., Cascio, W., Griggs, T., Herbst, M., Bromberg, P., Neas, L.,
Wiltiams, R., and Devlin, R., Particulate Matter Exposure in Cars Is As-
sociated with Cardiovascular Effects in Healthy Young Men, American
Journal of Respiratory and Critical Care Medicine, Vol. 169, (2004), pp.
934-940; See also, Weinhold, B., Pollutants Lurk Inside Vehicles: Don't
Breathe and Drive? Environmental Health Perspectives, Vol. 109, No. 9,
(September 2001); Marr, L.C., Grogan, L.A., Wohrnschimmel, H., Molina,
L., Molina, M., Smith, T., Garshick, E., Vehicle Traffic as a Source of
Particulate Polycyclic Aromatic Hydrocarbon Exposure in the Mexico
City Metropolitan Area, Environmental Science and Technology, Vol. 38,
No. 9, (2004), pp. 2584-2592; Fruin et al., “Fine particle and black car-
bon concentrations inside vehicles,” 10th Annual Conference of the In-
ternational Society of Exposure Analysis, Oct., 2000.

Estimate is based on EPA methodology described in EPA Memoran-
dum, Bryan Hubbell to Sam Napolitano, July 2, 2001. Estimated NO,
S0, and PM emissions heaith damages for heavy duty vehicle emis-
sions.

Motor Age, "EPA to Retrofit 11 Million Diesels,” Advanstar Communica-
tions (August 2004). Available online at: http://www.motorage.com/
motorage/article/articleDetail jsp?id=141102

California Air Resources Board (CARB) 2004a. Air Quality Almanac Emis-
sion Projections. Online at http://www.arb.ca.gov/emisinv/emsmairn/
emsmain.htm; California Air Resources Board (CARB). 2003a. Staff Re-
port: “Initial Statement of Reasons: Proposed Diesel Particulate Matter
Control Measure for On-Road Heavy-Duty Residential and Commercial
Solid Waste Collection Vehicles,” California Environmental Protection
Agency, Sacramento, CA; California Air Resources Board (CARB) 2003b
Staff Report: "Initial Statement of Reasons for Proposed Rulemaking:
Airborne Toxic Control Measure for Stationary. Compression Ignition
Engines,” Sacramento, CA: California Environmental Protection Agency,
Stationary Source Division Emissions Assessment Branch; California
Air Resources Board (CARB) 2003c. REVISED - Staff Report: Initial
Statement of Reasons for Proposed Rulemaking: Airborne Toxic Con-
trol Measure for In-use Diesel Fueled Transport Refrigeration Units (TRU)
and TRU Generator Sets, and Facilities Where TRUs Operate, Sacra-
mento, CA: California Environmental Protection Agency, Stationary
Source Division Emissions Assessment Branch.

MECA: http://www.epa.gov/otag/retrofit/documents/mecal.pdf; CARB
cost-effectiveness analysis: http:/fwww.arb.ca.gov/regact/bus02/appf.pdf
MECA: http://www.meca.org/jahia/Jahia/engineName/filemanager/pid/
229/dieselfact. PDF ?actionreq=actionFileDownload&fileltem=213. A
newly verified Diesel Oxidation Catalyst technology, called "a torturous
path filter” achieves a 50 percent reduction in diesel particulate at about
half the cost of a diesel particulate filter.

Motor Age, "EPA to Retrofit 11 Million Diesels,” Advanstar Communica-
tions (August 2004). Available online at: http://www.motorage.com/
motorage/article/articleDetail jsp?id=141102. See also, http://www.epa.
gov/cleanschoolbus/

See: http://www.epa.gov/airfoagps/particles/designations/index.htm
Vedal, S., Brauer, M., White, R., and Petkau, R., (2003). Air Pollution
and Daily Mortality in a City With Low Levels of Air Pollution, Environ-
mental Health Perspectives Vol.111, No.1, (2003), pp. 45-51.

See: California Risk Reduction Plan at: http://www.arb.ca.gov/diesel/
documents/rrpfinal pdf

For more information about retrofit programs in your area see: http://
www.epa.gov/otag/retrofit/projectmap.htm

For more information on EPA's Voluntary Retrofit Program see: http://
www.epa.gov/otag/retrofit

21



18 Tremont Street; Suite 530
Boston, MA 02108
Tel: 617-624-0234 /-Fax: 617-624-0230

- www.catf.us




BOARD MEETING DATE: April 2, 2010
AGENDA NO. 25

PROPOSAL:

Annual Meeting of the Brain & Lung Tumor and Air Pollution Foundation

SYNOPSIS:

This item is to conduct the annual meeting of the Brain & Lung Tumor and Air Pollution
Foundation. The Foundation staff will present an annual report detailing the research supported
by the Foundation over the past year, the Foundation’s plans for the future, and a financial
report.

COMMITTEE:

Not Applicable

RECOMMENDED ACTIONS:

Receive and file the annual report and ratify the Foundation disbursements described in the

annual report.

Barry R. Wallerstein, D.Env.
Executive Officer

2009 Annual Report

1. Background

In February, 2003, the Board established the Brain Tumor and Air Pollution Foundation. In
March, 2004 the Foundation amended its Articles of Incorporation to change its name to Brain &
Lung Tumor and Air Pollution Foundation and to specify that its purpose is related to the effects
of air pollution on brain and lung cancer. The mission of the Foundation is to support research
studies on the association between air pollution and brain and lung cancer, as well as research for
the development of novel therapeutics for such tumors. To carry out its purpose, the Foundation
has funded research projects investigating the links between air pollution and brain and lung
tumors. The dollar amount of the funding received to date is $3,722,568. The current projects are
described below.



2. Directors and Officers

The Directors of the Foundation are; Michael D. Antonovich, Chairman
Dennis Yates, Vice Chairman
Bill Campbell
Dr. Thomas Godfrey
Josie Gonzalez
The Foundation’s staff is: Barry Wallerstein, Chief Executive Officer
Denise Whitcher, Secretary
Lisa Virgo, Treasurer

3. Report on the Foundation’s Activities

Current Research Projects

In 2008, the Foundation Board approved funding for the following projects.

A. Brain Tumors and Air Pollution

Principal Investigator: Dr. Keith Black, Cedars Sinai Medical Center
Approved Funding: $1,250,000

Allocated Funding: $625,000

In previous studies funded by the Foundation, the researchers discovered that the activities of
several genes were altered in laboratory animals exposed to concentrated ambient particulate
pollutants. These genes may play a significant role in the development of brain tumors. In the
new study, a more detailed analysis at the molecular level is being conducted. Individual areas of
the brain, as well as other organs, are being included to determine if there are specific tissue
types that are affected by particulate matter exposures. The research is being done in
collaboration with the UC Irvine School of Medicine. This project is currently ongoing, and a
report of results is expected by the end of this year.

B. Childhood Brain Tumors and Air Pollution

Principal Investigator: Roberta McKean-Cowdin, Ph.D., USC School of Medicine
Approved Funding: $220,000

Allocated Funding: $199,627

In a preliminary epidemiologic investigation on the potential role of air pollution with brain
tumor risk funded by the Foundation, the researchers found a significant association of risk of
brain tumors in children and exposure to PM2.5. The study population included children between
the ages of 0-5 years diagnosed with brain tumors from in Los Angeles, Orange, Riverside, and
San Bernardino counties from 1991 through 2002. This new study is conducting additional
analyses including more detailed estimates of PM2.5 exposure based on geospatial extrapolations
of monitoring data, and also includes distance of residential address from roadways as an
estimate of exposure to traffic-related pollutant emissions. The study population is being
expanded to include data from the West Coast Childhood Brain Tumor study. The latter database
includes children aged 1-19 years diagnosed with brain tumors in Los Angeles county from 1984



through 1991. This project is currently ongoing, and a report of results is expected by the end of
this year.

4. Financial Report

As of December 31, 2009, the Foundation had a cash balance of $689,263. Following is an
accounting of the Foundation’s operations since its inception (7/23/03):

Revenue from Operations

Contributions $3,722,568
Interest Income 36.256
Total Revenue from Operations 83,758,824
Operating Expenses

Grants Awarded

-Cedars-Sinai $2,684,250
-USC 377,967
Corporation Filing Costs 820

Bank charges 524
Professional fees-audit ' 6.000
Total Operating Expenses $3.069,561
Cash Balance, 12/31/09 $689,263

5. Plans for Upcoming Year

The Foundation will continue monitoring the progress of existing research projects. The
Foundation will evaluate potential new projects and provide funding to the extent that additional
funds become available.

The Foundation Board asked that any funds transferred to the Health Effects Research Fund by
the AQMD Governing Board be reserved for the Foundation’s use to support brain and lung

tumor and air pollution research, but not transferred until specific projects are identified by the
Foundation Board. The Foundation Board also asked staff to prepare a plan for future research.

This page updated: March 25, 2010
URL: http.://www.aqmd.gov/hb/20] 0/April/100425a. hitm
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EXECUTIVE SUMMARY

The Air Toxics "Hot Spots" Information and Assessment Act (AB 2588, Connelly) was enacted
in September 1987. Under this Act, stationary sources of air pollution are required to report the
types and quantities of certain substances their facilities routinely release into the air. The goals
of the Air Toxics "Hot Spots" Act are to collect emission data, identify facilities having localized
impacts, ascertain health risks posed by those facilities, notify nearby residents of significant
risks and reduce emissions from significant sources.

The Technical Support Document for Cancer Potency Factors (TSD) contains cancer unit risks
and potency factors for 107 of the 201 carcinogenic substances or groups of substances for which
emissions must be quantified in the Air Toxics Hot Spots program. These unit risks are used in
the cancer risk assessment of facility emissions.

The purposes of this revision to the TSD is to provide updated calculation procedures used to
derive the estimated unit risk and cancer potency factors, and to describe the procedures used to
consider the increased susceptibility of infants and children compared to adults to carcinogens.
This updates cancer risk assessment methods originally laid out in the California Department of
Health Services’ Guidelines for Chemical Carcinogen Risk Assessment (CDHS, 1985), and more
recently summarized in the previous Hot Spots technical support document Part II (OEHHA,
2005a). Summaries of cancer potency factors and the underlying data are provided in Appendix
A and B. [these did not undergo revision and are not included in this review package.] ’

The procedures used to consider the increased susceptibility to carcinogens of infants and
children as compared to adults include the use of age-specific weighting factors in calculating
cancer risks from exposures of infants, children and adolescents, to reflect their anticipated
special sensitivity to carcinogens

This document is one part of the Air Toxics Hot Spots Program Risk Assessment Guidelines.
The other documents originally included in the Guidelines are Part I: Technical Support
Document for the Determination of Acute Toxicity Reference Exposure Levels for Airborne
Toxicants; Part III: Technical Support Document for Determination of Noncancer Chronic
Reference Exposure Levels; Part IV: Technical Support Document for Exposure Assessment and
Stochastic Analysis; Part V: Air Toxic Hot Spots Program Risk Assessment Guidelines. As a
part of the same revision process which led to production of this revised TSD on cancer
potencies, the original TSDs for Acute and Chronic Reference Exposure Levels have been
replaced with a new unified TSD for Acute, 8-hour and Chronic Reference Exposure Levels.

The major changes to the TSD include the following:

e Based on the OEHHA analysis of the potency by lifestage at exposure, OEHHA proposes
weighting cancer risk by a factor of 10 for exposures that occur from birth to 2 years of
age, and by a factor of 3 for exposures that occur from 2 years through 15 years of age.
We propose to apply this weighting factor to all carcinogens, regardless of purported
mechanism of action, unless chemical-specific data exist to the contrary. In cases where
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there are adequate data for a spec1ﬁc carcinogen of potency by age, we would use the
data to make any adjustments to risk.

e OEHHA proposes to use the Benchmark Dose method to compute potency factors rather
than the more traditional linearized multistage model (LMS), although the LMS will still
be used in some instances. The BMDL model essentially uses an empirical fit to the data
(usually best with the multistage model), and then extrapolates with a straight line from
the 95 % lower confidence limit of the BMD (BMDL) to zero. This method is simpler
and does not assume any underlying theoretical mechanisms at the low dose range. The
BMDL method results in very similar estimates of potency as the LMS method.

e OEHHA will use scalmg based on body weight to the 3% power, rather than to the 2/3
power.

e OEHHA'’s evaluations of the carcinogenicity of chemicals generally follow the guidelines
laid out by IARC for identification and classification of potential human carcinogens,
which are described in detail in the most recent revision of the Preamble to the IARC
monographs series (IARC, 2006).
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PREFACE

The Air Toxics "Hot Spots" Information and Assessment Act (AB 2588, Connelly) was enacted
in September 1987. Under this Act, stationary sources are required to report the types and
quantities of certain substances their facilities routinely release into the air. The goals of the Air
Toxics "Hot Spots" Act are to collect emission data, identify facilities having localized impacts,
ascertain health risks posed by those facilities, notify nearby residents of significant risks and
reduce emissions from significant sources.

The Technical Support Document for Cancer Potency Factors (TSD) contains cancer unit risks
and potency factors for 107 of the 201 carcinogenic substances or groups of substances for which
emissions must be quantified in the Air Toxics Hot Spots program. These unit risks are used in
risk assessment of facility emissions. The TSD provides updated calculation procedures used to
derive the estimated unit risk and cancer potency factors, and procedures to consider early-life
susceptibility to carcinogens. Summaries of cancer potency factors and the underlying data are
provided in Appendix A and B. [these did not undergo revision and are not included in this
review package.]

In this document, OEHHA is responding to the requirements of the 1999 Children’s
Environmental Health Protection Act, (SB25, Escutia) by revising the procedures for derivation
and application of cancer potency factors to take account of general or chemical-specific
information which suggests that children may be especially susceptible to certain carcinogens
(OEHHA, 2001a). The revised cancer potency derivation procedures described will not be used
to impose any overall revisions of the existing cancer potencies, although they do reflect updated
methods of derivation. However, individual cancer potency values will be reviewed as part of
the ongoing re-evaluation of health values mandated by SB 25, and revised values will be listed
in updated versions of the appendices to this document as necessary. The revisions also include
the use of weighting factors in calculating cancer risks from exposures of infants, children and
adolescents, to reflect their anticipated special sensitivity to carcinogens. Similar legal mandates
to update risk assessment methodology and cancer potencies apply to the OEHHA program for
development of Public Health Goals (PHGs) for chemicals in drinking water, and Proposition 65
No Significant Risk Levels (NSRLs). The NSRLs may also be revised to reflect concerns for
children’s health. Revising these numbers will require the originating program to reconsider the
value in an open public process. For example, OEHHA would need to release any revised
potency factors for public comment and review by the Scientific Review Panel on Toxic Air
Contaminants (SRP) prior to adoption under the TAC program. The procedures for outside
parties to request reevaluation of cancer potency values by the programs which originated those
values are listed in Appendix G.

Appendices A and B provide previously adopted Cal/EPA values which were included in the
previous version of the TSD for Cancer Potency Factors (OEHHA, 2005a). Cal/EPA values
were developed under the Toxic Air Contaminant (TAC) program, the PHG program, the
Proposition 65 program, or in some cases specifically for the Air Toxics Hot Spots program. All
the Cal/EPA values are submitted for public comments and external peer review prior to
adoption by the program of origin. In the future, new values developed by the Toxic Air
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Contaminants or Hot Spots programs or other suitable sources will be added as these are
approved.

Some U.S. EPA IRIS cancer unit risk values were adopted under the previous versions of these
guidelines, and these values will continue to be used unless and until revised by Cal/EPA. U.S.
EPA has recently revised its cancer risk assessment guidelines (U.S. EPA, 2005a). Some of the
recommended changes in methodology could result in slightly different potency values
compared to those calculated by the previous methodology, although in practice a number of the
recommendations (for example, the use of % power of the body weight ratio rather than % power
for interspecies scaling) have been available in draft versions of the revised policy for some time
and appear in many more recent assessments. U.S. EPA has stated that cancer potency values
listed in IRIS will not be revisited solely for the purpose of incorporating changes in cancer
potency value calculation methods contained in the revised cancer risk assessment guidelines.
U.S. EPA has also issued supplementary guidelines on assessing cancer risk from early-life
exposure (U.S. EPA, 2005b).

OEHHA uses a toxic equivalency factor procedure for dioxin-like compounds, including
polychlorinated dibenzo-p-dioxins, dibenzofurans and polychlorinated biphenyls (PCBs). The
Toxicity Equivalency Factor scheme (TEFwno.97) developed by the World Health
Organization/European Center for Environmental Health (WHO-ECEH) is used for determining
cancer unit risk and potency values for these chemicals where individual congener emissions are
available (Appendix C).

This document is one part of the Air Toxics Hot Spots Program Risk Assessment Guidelines.
The other documents originally included in the Guidelines are Part I: Technical Support
Document for the Determination of Acute Toxicity Reference Exposure Levels for Airborne
Toxicants; Part III: Technical Support Document for Determination of Noncancer Chronic
Reference Exposure Levels; Part IV: Technical Support Document for Exposure Assessment and
Stochastic Analysis; Part V: Air Toxic Hot Spots Program Risk Assessment Guidelines. As a
part of the same revision process which led to production of this revised TSD on cancer
potencies, the original TSDs for Acute and Chronic Reference Exposure Levels have been
replaced with a new unified TSD for Acute, 8-hour and Chronic Reference Exposure Levels.
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INTRODUCTION

The Technical Support Document (TSD) for Describing Available Cancer Potency Factors
provides technical information support for the Air Toxics Hot Spots Program Risk Assessment
Guidelines. - The TSD consists of 12 sections:

1.

2.

10.

11.

12.

The TSD introduction.

A description of the methodologies used to derive the unit risk and cancer potency
values listed in the lookup table.

A lookup table containing unit risk and cancer potency values. (Appendix A)

Chemical-specific summaries of the information used to derive unit risk and cancer
potency values. (Appendix B).

A description of the use of toxicity equivalency factors for determining unit
risk and cancer potency factors for polychlorinated dibenzo-p-dioxins,
dibenzofurans and dioxin-like polychlorinated biphenyls (Appendix C).

A listing of Toxic Air Contaminants identified by the California Air Resources Board
(Appendix D). '

Descriptions of the International Agency for Research on Cancer (IARC) and U.S.
Environmental Protection Agency (U.S. EPA) carcinogen classifications (Appendix
E).

An asbestos quantity conversion factor for calculating asbestos concentrations
expressed as 100 fibers/m®> from asbestos concentrations expressed as pg/m’
(Appendix F). '

Procedures for revisiting or delisting cancer potency factors by the program of origin
(Appendix G).

Exposure routes and studies used to derive cancer unit risks and slope factors
(Appendix H).

“Assessing susceptibility from early-life exposure to carcinogens”: Barton et al., 2005
(from Environmental Health Perspectives) (Appendix I).

“In Utero and Early Life Susceptibility to Carcinogens: The Derivation of Age-at-
Exposure Sensitivity Measures” — conducted by OEHHA’s Reproductive and Cancer
Hazard Assessment Branch (Appendix J)
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SELECTION OF CANCER POTENCY VALUES

The Office of Environmental Health Hazard Assessment (OEHHA) has developed a number of
cancer potencies for use in the Toxic Air Contaminants and Air Toxics Hot Spots programs.
This document also provides summaries of cancer potency factors which were originally
developed for other California Environmental Protection Agency (Cal/EPA) programs, or by the
U.S. EPA. These were reviewed for accuracy, reliance on up-to-date data and methodology, and
applicability in the context of the Air Toxics Hot Spots program. Values found appropriate were
adopted after public and peer review rather than devoting the resources necessary for a full de
novo assessment. Thus, cancer potency values (CPF) included in the Technical Support
Document (TSD) for Cancer Potency Factors were from the following sources:

1. Toxic Air Contaminant documents
2. Standard Proposition 65 documents

3. U.S.EPA Integrated Risk Information Systems (Office of Health and Environmental
Assessment, U.S.EPA)

4. Expedited Proposition 65 documents
5. Other OEHHA assessments , for example for the drinking water program.

All the cancer potency value sources used generally follow the recommendations of the National
Research Council on cancer risk assessment (NRC, 1983, 1994). All Cal/EPA program
documents undergo a process of public comment and scientific peer review prior to adoption,
although the procedures used vary according to the program. The publication procedure for
Toxic Air Contaminant documents includes a public comment period and review by the
Scientific Review Panel on Toxic Air Contaminants (SRP) before identification of a Toxic Air
Contaminant by the Air Resources Board of the California Environmental Protection Agency
(Cal/EPA). Furthermore, a petition procedure is available to initiate TAC document review and
revision if appropriate because of new toxicity data. Documents developed for the Air Toxics
Hot Spots program similarly undergo public comment and peer review by the SRP before
adoption by the Director of OEHHA. The standard Proposition 65 document adoption procedure
includes a public comment and external peer review by the Proposition 65 Carcinogen
Identification Committee. The expedited Proposition 65 document adoption procedure included
a public comment period. Risk assessments prepared for development of Public Health Goals
(PHGs) for chemicals in drinking water are subject to two public comment periods before the
final versions and responses to comments are published on the OEHHA Web site. PHG
documents may also receive external peer review. Documents from U.S. EPA’s Integrated Risk
Information System (IRIS) receive external peer review and are posted on the Internet for public
viewing during the external peer review period, and any public comments submitted are
considered by the originating office. Additionally, public comment may be solicited during the
document posting period. Future preference for use of developed cancer potency factors/unit
risks will be done on a case by case basis. Preference will be given to those assessments most
relevant to inhalation exposures of the California population, to the most recent derivations using
the latest data sets and scientific methodology, and to those having undergone the most open and
extensive peer review process.

10
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CANCER RISK ASSESSMENT METHODOLOGIES

This section describes in general the methodologies used to derive the cancer unit risk and
potency factors listed in this document. As noted in the Preface to this document, no new cancer
unit risks or potency factors were developed for this document. All of the values contained here
were previously developed in documents by Cal/EPA or U.S. EPA. Following the
recommendations of the National Academy of Sciences (NRC, 1983), Cal/EPA and U.S. EPA
have both used formalized cancer risk assessment guidelines, the original versions of which
(California Department of Health Services, 1985; U.S. EPA, 1986) were pubhshed some time
ago. Both these guidelines followed similar methodologies.

In the twenty years since these original guidelines were published there have been a number of
advances in the methodology of cancer risk assessment. There have additionally been
considerable advances in the quantity of data available not only from animal carcinogenesis
bioassays and epidemiological studies, but also from mechanistic studies of carcinogenesis and
related phenomena. Some of these advances have been incorporated into newer risk assessments
by both agencies on a more or less ad hoc basis. There has also been an ongoing effort to
provide updated risk assessment guidance documents. In 1995, U.S. EPA released for public
comment the "Proposed and Interim Guidelines for Carcinogen Risk Assessment", which was
the first of several drafts released for public comment. Many risk assessments appearing since
then have used elements of the recommendations contained in that document, in spite of its draft
status. A final version of the U.S. EPA’s revised cancer risk assessment guidelines has now been
released (U.S. EPA, 2005a). Although these new guidelines incorporate a number of substantial
changes from their predecessors (U.S. EPA, 1986; 1995), U.S. EPA has stated that cancer
potency values listed in IRIS will not be revisited solely for the purpose of incorporating changes
in cancer potency value calculation methods.

Cal/EPA has not produced a revised cancer risk assessment guideline document to replace the
original version (DHS, 1985). Rather, Cal/EPA has relied on incorporating new data and
methodologies as these became available, and described the methods used on a case by case
basis in the individual risk assessment documents where these went beyond the original
guidance. However, this revision of the TSD for cancer potencies provides a convenient
opportunity to summarize the current status of the methodology used by OEHHA for the air
toxics programs, and also to highlight points of similarity to, and difference from, the
recommendations of U.S. EPA (2005a).

In this document, OEHHA intends to follow the recommendations of the NRC (1994) in
describing a set of clear and consistent principles for choosing and departing from default cancer
risk assessment options. NRC identified a number of objectives that should be taken into
account when considering principles for choosing and departing from default options. These
include, “protecting the public health, ensuring scientific validity, minimizing serious errors in
estimating risks, maximizing incentives for research, creating an orderly and predictable process,
and fostering openness and trustworthiness”. The OEHHA cancer risk methodologies discussed
in this document are intended to generally meet those objectives cited above.

11
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Hazard Identification

This section will describe: 1) how weight of evidence evaluations are used in hazard evaluation;
2) guidelines for inferring causality of effect; 3) the use of human and animal carcinogenicity
data, as well as supporting evidence (e.g. genetic toxicity and mechanistic data); 4) examples of
carcinogen identification schemes.

Evaluation of Weight of Evidence

In evaluating the range of evidence on the toxicity and carcinogenicity of a compound, mixture
or other agent, a “weight-of-evidence” approach is generally used to describe the body of
evidence on whether or not exposure to the agent causes a particular effect. Under this approach,
the number and quality of toxicological and epidemiological studies, as well as the consistency
of study results and other sources of data on biological plausibility, are considered. Diverse and
sometimes conflicting data need to be evaluated with respect to possible explanations of
differing results. Consideration of methodological issues in the review of the toxicological and
epidemiological literature is important in evaluating associations between exposure to an agent
and animal or human health effects. This aspect of the evaluation process has received particular
empbhasis with respect to epidemiological data, where concerns as to the statistical and biological
significance and reliability of the data and the impacts of confounding and misclassification are
pressing. Such concerns are also relevant to some extent in the interpretation of animal bioassay
data and mechanistic studies. Although the test animals, laboratory environment and
characterization of the test agent are usually much better controlled than the equivalent
parameters in an epidemiological study, the small sample size can be problematic. In addition,
there are uncertainties associated with extrapolation of biological responses from test animal
species to humans. '

Criteria for Causality

There has been extensive discussion over the last two centuries on causal inference. This has
been particularly with regard to epidemiological data, but is also relevant to interpretation of
animal studies. Most epidemiologists utilize causal inference guidelines based on those
proposed by Bradford Hill (1971). OEHHA has relied on these and on recommendations by
IARC (2006), the Institute of Medicine (2004), the Surgeon General’s Reports on Smoking (U.S.
DHHS, 2004) and standard epidemiologic texts (e.g. Lilienfeld and Lilienfeld, 1980; Rothman
and Greenland, 1998). The criteria for determination of causality used by OEHHA have been
laid out in various risk assessment documents. The summary below is adapted from the Health
Effects section of the document prepared to support the identification of environmental tobacco
smoke (ETS) as a Toxic Air Contaminant (OEHHA, 2005b). :

1. Strength of Association. A statistically significant strong association, which is easier to
detect if there is a high relative risk, between a factor and a disease is often viewed as an
important criterion for inferring causality because, all other things being equal, a strong
and statistically significant association makes alternative explanations for the disease less
likely. However, as discussed in Rothman and Greenland (1998), the fact that a relative
risk is small in magnitude does not exclude a casual association between the risk factor

12
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and the outcome in question. Since it is more difficult to detect (i.e., reach statistical
significance) a small magnitude risk, they—ereit is just as likely to be—eausahndlcate
causality as a larger magnitude risks.

When assessing all evidence, it is important to consider the strength of the study design
(particularly controlling. for confounding variables, obtaining an unbiased sample,
measurement error) and the level of statistical significance (i.e., the ability to exclude a
Type I [false positive] error). The power of the study to detect biologically meaningful
effects (i.e., the risk of a Type II [false negative] error) is important in considering studies
that do not reach traditional (i.e., P<.05) statistical significance, particularly if the
biological endpoint is serious. If the outcome is serious and the study small (i.e., low
power), a larger P value (e.g., P<.10) may be adequate evidence for identifying an effect.

There are a number of examples of statistically significant, small magnitude associations
that are widely accepted as causal, such as causal links between air pollution and
cardiovascular/pulmonary mortality and between second-hand smoke exposure and
various cancers and heart disease. From a public health perspective, even a small
magnitude increase in risk for a common disease can mean large numbers of people
affected by the health outcome when exposure is frequent and widespread, as measured
by the population attributable risk or attributable fraction. Small magnitude of
association must not be confused with statistical significance, which is much more
important.

2. Consistency of Association. If several investigations find an association between a factor
and a disease across a range of populations, geographic locations, times, and under
different circumstances, then the factor is more likely to be causal. Consistency argues
against hypotheses that the association is caused by some other factor(s) that varies
across studies. Unmeasured confounding is an unlikely explanation when the effect is
observed consistently across a number of studies in different populations.

Associations that are replicated in several studies of the same design or using different
epidemiological approaches or considering different sources of exposure and in a number
of geographical regions are more likely to represent a causal relationship than isolated
observations from single studies (IARC, 2006). If there are inconsistent results among
investigations, possible reasons are sought, such as adequacy of sample size or control
group, methods used to assess exposure, or range in levels of exposure. The results of
studies judged to be rigorous are emphasized over those of studies judged to be
methodologically less rigorous. For example, studies with the best exposure assessment
are more informative for assessing the association between ETS and breast cancer than
studies with limited exposure assessment, all else being equal.

3. Temporality. Temporality means that the factor associated with causing the disease
occurs in time prior to development of the disease. The adverse health effect should
occur at a time following exposure that is consistent with the nature of the effect. For
example, respiratory irritation immediately following exposure to an irritant vapor is
temporally consistent, whereas effeets-irritation noted only years later may not be. On
the other hand, tumors, noted immediately following exposure, might be temporally
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inconsistent with a causal relationship, but tumors arising after a latency period of months
(in rodents) or years (in rodents or humans) would be temporally consistent.

4. Coherence and Biological Plausibility. A causal interpretation cannot conflict with what
is known about the biology of the disease. The availability of experimental data or
mechanistic theories consistent with epidemiological observations strengthens
conclusions of causation. For example, the presence of known carcinogens in tobacco
smoke supports the concept that exposure to tobacco smoke could cause increased cancer
risk. Similarly, if the mechanism of action for a toxicant is consistent with development
of a specific disease, then coherence and biological plausibility can be invoked. It should
be noted that our understanding of the biology of disease, and therefore biological
plausibility, changes in light of new information which is constantly emerging from
molecular biology (including epigenetics), and from new clinical and epidemiological
investigations revealing effects influenced by genetic polymorphisms, pre-existing
disease, and so forth.

5. Dose-Response. A basic tenet of toxicology is that increasing exposure or dose generally
increases the response to the toxicant. While dose-response curves vary in shape and are
not necessarily always monotonic, an increased gradient of response with increased
exposure makes it difficult to argue that the factor is not associated with the disease. To
argue otherwise necessitates that an unknown factor varies consistently with the dose of
the substance and the response under question. While increased risk with increasing
levels of exposure is considered to be a strong indication of causality, absence of a graded
response does not exclude a causal relationship (IARC, 2006).

The dose-response curves for specific toxic effects may be non-monotonic. Under
appropriate circumstances, where the dose response shows saturation, the effect of
exposures could be nearly maximal, with any additional exposure having little or no
effect. In some instances, a response is seen strongly in susceptible subpopulations, and
the dose-response is masked by mixing susceptible and non-susceptible individuals in a
sample. Further, there are examples of U-shaped or inverted U-shaped dose-response
curves, (e.g., for endocrine disrupters) (Almstrup et al., 2002; Lehmann et al., 2004).
Finally, timing of exposure during development may mask an overall increase in risk
with increasing dose.

6. Specificity. Specificity is generally interpreted to mean that a single cause is associated
with a single effect. It may be useful for determining which microorganism is
responsible for a particular disease, or associating a single carcinogenic chemical with a
rare and characteristic tumor (e.g., liver angiosarcoma and vinyl chloride, or
mesothelioma and asbestos). However, the concept of specificity is not helpful when
studying diseases that are multifactorial, or toxic substances that contain a number of
individual constituents, each of which may have several effects and/or target sites.

7. Experimental evidence. While experiments are often conducted over a short period of
time or under artificial conditions (compared to real-life exposures), experiments offer
the opportunity to collect data under highly controlled conditions that allow strong causal
conclusions to be drawn. Experimental data that are consistent with epidemiological
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results strongly support conclusions of causality. There are also “natural experiments”
that can be studied with epidemiological methods, such as when exposure of a human
population to a substance declines or ceases; if the effect attributed to that exposure
decreases, then there is evidence of causality. One example of this is the drop in heart
disease death and lung cancer risk after smoking cessation.

It should be noted that the causal criteria are guidelines for judging whether a causal
association exists between a factor and a disease, rather than hard-and-fast rules. Lilienfeld
and Lilienfeld (1980) note that “In medicine and public health, it would appear reasonable to
adopt a pragmatic concept of causality. A causal relationship would be recognized to exist
whenever evidence indicates that the factors form part of the complex of circumstances that
increases the probability of the occurrence of disease and that a diminution of one or more of
these factors decreases the frequency of that disease. After all, the reason for determining
the etiological factors of a disease is to apply this knowledge to prevent the disease.”

Rothman and Greenland (2005) discuss the complexities of causation and the use of rules and

deductive methods in causal inference. They also concur with Bradford Hill and others that a
determination of causality is a pragmatic conclusion rather than an absolute verdict, and

advocate that these criteria should be seen as “deductive tests of causal hypotheses”.

Data sources
Human studies: epidemiology, ecological studies and case reports

The aim of a risk assessment for the California Air Toxics programs is to determine potential
impact on human health. Ideally therefore, the hazard identification would rely on studies in
humans to demonstrate the nature and extent of the hazard. However, apart from clinical trials of
drugs, experimental studies of toxic effects in human subjects are rarely undertaken or
justifiable. Pharmacokinetic studies using doses below the threshold for any toxic effect have
been undertaken for various environmental and occupatlonal agents, but are not usually regarded
as appropriate for suspected carcinogens.

The human data on carcinogens available to the risk assessor therefore mostly consist of
epidemiological studies of existing occupational or environmental exposures. It is easier to draw
reliable inferences in situations where both the exposures and the population are substantial and
well-defined, and accessible to direct measurement rather than recall. Thus, many important
findings of carcinogenicity to humans are based on analysis of occupational exposures.
Problems in interpretation of occupational epidemiological data include simultaneous exposure
to several different known or suspected carcinogens, imprecise quantification of exposures and
confounding exposures such as active or passive tobacco smoking. The historical database of
occupational data has a bias towards healthy white adult males. Thus, the hazard analysis of
these studies may not accurately characterize effects on women, infants, children or the elderly,
or on members of minority ethnic groups. Nevertheless, the analysis of occupational
epidemiological studies, including meta-analyses, has proved an 1mportant source for
unequivocal identification of human carcinogens.

Epidemiological evidence may also be obtained where a substantial segment of a general
population is exposed to the material of interest in air, drinking water or food sources. Rigorous
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cohort and case-control studies may sometimes be possible, in which exposed individuals are
identified, their exposure and morbidity or mortality evaluated, and compared to less exposed but
otherwise similar controls. More often at least the initial investigation is a cross-sectional study,
where prevalence of exposures and outcomes is compared in relatively unexposed and exposed
populations. Such studies are hypothesis-generating, but are important sources of information
nevertheless, and can often also justify more costly and labor-intensive follow-up cohort and/or
case-control studies.

The clinical medical literature contains many case reports where a particular health outcome is
reported along with unusual exposures that might have contributed to its occurrence. These
reports typically describe a single patient or a small group, and have no statistical significance.
They are nevertheless useful as indications of possible associations that deserve follow-up using
epidemiological methods, and as supporting evidence, addressing the plausibility of associations
measured in larger studies.

Animal studies

Although the observation of human disease in an exposed population can provide definitive
hazard identification, adequate data of this type are not always available. More often, risk
estimates have to be based on studies in experimental animals, and extrapolation of these results
to predict human toxicity. The animals used are mostly rodents, typically the common
laboratory strains of rat and mouse.

Rats and mice have many similarities to humans. Physiology and biochemistry are similar for all
mammals, especially at the fundamental levels of xenobiotic metabolism, DNA replication and
DNA repair that are of concern in identifying carcinogens. However, there are also several
important differences between rodents and humans. Rodents, with a short life span, have
differences in cell growth regulation compared to longer-lived species such as the human. For
instance, whereas laboratory investigations have suggested that mutations in two regulatory
genes (e.g. H-ras and p-53) are sometimes sufficient to convert a rodent cell to a tumorigenic
state, many human cancers observed clinically have seven or eight such mutations. In addition,
cultured normal human cells have a very stable karyotype, whereas cultured rodent cells facilely
undergo tetraploidization and then aneuploidization in cell culture. Further, cultured human cells
senesce and rarely undergo spontaneous immortalization (frequency is 107 or less), whereas
cultured rodent cells facilely undergo immortalization at frequencies on the order of 10, The
use of genomics to study chemical carcinogenesis is relatively new, but the differences at present
appear to be a matter of degree rather than kind.

Differences in regulation of cell division are another likely reason for variation between species
in the site of action of a carcinogen, or its potency at a particular site. A finding of
carcinogenesis in the mouse liver, for instance, is a reasonably good indicator of potential for
carcinogenesis at some site in the human, but not usually in human liver (Huff, 1999). The
mouse liver (and to a lesser extent that of the rat) is a common site of spontaneous tumors. It is
also relatively sensitive to chemical carcinogenesis. The human liver is apparently more
resistant to carcinogenesis; human liver tumors are unusual except when associated with
additional predisposing disease, such as hepatitis B or alcoholic cirrhosis, or exposure to
aflatoxin B1, or simultaneous exposure to hepatitis B virus and aflatoxin B1. Conversely, other
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tumor sites are more sensitive in the human than in experimental animals. Interspecies variation
in site and sensitivity to carcinogenesis may also arise from differences in pharmacokinetics and
metabolism, especially for carcinogens where metabolic activation or detoxification is important. -
This variability may cause important differences in sensitivity between individuals in a diverse
population such as humans. Variability between individuals in both susceptibility and
pharmacokinetics or metabolism is probably less in experimental animal strains that are bred for
genetic homogeneity.

Animal carcinogenesis studies are often designed to maximize the chances of detecting a positive
effect, and do not necessarily mimic realistic human exposure scenarios. Thus extrapolation
from an experimentally accessible route to that of interest for a risk assessment may be
necessary. Even for studies by realistic routes such as oral or inhalation, doses may be large
compared to those commonly encountered in the environment, in order to counter the limitation
in statistical power caused by the relatively small size of an animal experiment. Whereas the
exposed population of an epidemiological study might number in the thousands, a typical animal
study might have fifty individuals per exposure group. With this group size any phenomenon
with an incidence of less than about 5% is likely to be undetectable. Statistically significant
results may be obtained even with groups as small as ten animals per dose group, when incidence
of a tumor that is rare in the controls approached 100% in a treated group. The consensus
experimental design for animal carcinogenesis studies, which has evolved over the last 50 years
of investigation, is represented by the protocol used by the U.S. National Toxicology Program
(NTP) for studies using oral routes (diet, gavage or drinking water) or inhalation. - These
carcinogenesis bioassays usually involve both sexes of an experimental species, and most often
two species. NTP has standardized the use of the C57BIxC3H F; hybrid mouse, and the Fischer
344 rat as the standard test species, although NTP has announced plans to substitute use of the
Wistar Han rat for the Fisher 344 rat. There is now an extensive database of background tumor
incidences, normal physiology, biochemistry, histology and anatomy for these strains, which aids
in the interpretation of pathological changes observed in experiments. Nevertheless, there is
enough variation in background rates of common tumors that the use of concurrent controls is
essential for hazard identification or dose-response assessment. “Historical control” data are
mainly used to reveal anomalous outcomes in the concurrent controls. The fact that a
significantly elevated incidence of a tumor relative to the concurrent control group is within the
range of historical controls at that site for the test sex and strain is not necessarily grounds for
dismissing the biological significance of the finding.

Groups of fifty animals of each sex and species are used, with control groups, and several dose
groups, the highest receiving the maximum tolerated dose (MTD). Recent study designs have
emphasized the desirability of at least three dose levels covering a decade with “logarithmic”
spacing (i.e. MTD, 1/2 MTD or 1/3 MTD, and 1/10 MTD). This extended design is aimed at
providing better dose-response information, and may contribute important additional
information, such as mechanistic insights, for the hazard identification phase.

Supporting evidence: genetic toxicity, mechanistic studies

Investigators have developed additional data sources that can support or modify the conclusions
of animal carcinogenesis bioassays, and provide information on mechanisms of action of agents
suspected of being carcinogenic based on epidemiological studies or animal bioassays.
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Genetic damage in exposed organisms includes both gene mutations (point or frameshift), and
larger scale effects such as deletions, gene amplification, sister-chromatid exchanges,
translocations and loss or duplication of segments or whole chromosomes. These genetic effects
of chemical exposures are deleterious in their own right. In addition, since carcinogenesis results
from somatic mutations and similar genetic alterations, agents that cause genetic damage
generally have carcinogenic potential. Conversely, many known carcinogens are also known to
be genotoxic, although there is also a significant class of carcinogens that are not directly
genotoxic according to the usual tests. These latter agents presumably work by some other
mechanism, such as methylation of tumor suppressor genes or demethylation of cellular proto-
oncogenes, although recent genetic studies have shown that even tumors induced by these agents
may show mutations, deletions or amplification of growth regulatory genes.

Experimental procedures to demonstrate and measure genetic toxicity may involve exposure of
intact animals, and examination of genetic changes in, for example, bone marrow cells (or cells
descended from these e.g. the micronucleus test, which detects remnants of chromosomal
fragments in immature erythrocytes), mutations in flies (Drosophila), or appearance of color
spots in the coat of mice. However, many tests have employed single celled organisms or
mammalian cells in culture. The best known of these tests is the Salmonella reverse mutation
assay, popularly known as the Ames test after its inventor. This is representative of a larger class
of tests for mutagenic activity in prokaryotic organisms (bacteria), which necessarily only look at
gene-level mutations. Similar tests in eukaryotic microorganisms (yeasts, Aspergillus) and
cultured mammalian cells also detect chromosomal effects. Many tests using microorganisms in
vitro involve addition of activating enzymes (e.g. liver postmitochondrial supernatant — “S9”) to
mimic the metabolism of promutagenic chemicals in vivo. Another type of test examines the
induction in mammalian cells of morphological transformation or anchorage-independent
growth. These two chemically induced, in vitro changes are considered two of the many changes
that fibroblastic cells must undergo on their route to neoplastic transformation (tumorigenicity).
These various genetic tests contribute different information, which may be used to amplify and
confirm conclusions drawn from human studies or animal bioassays, or to draw conclusions in
the absence of epidemiological or bioassay data. In the latter case they have also been used in
prioritizing agents for further evaluation by means of bioassays.

Carcinogen Identification schemes

- Some regulatory programs, such as California’s Safe Drinking Water and Toxics Enforcement
Act (“Proposition 65”) and various activities of the U.S. EPA, require that explicit lists of
substances having the potential to act as human carcinogens be maintained. Other such lists are
developed by non-regulatory research organizations, such as the U.S. National Toxicology
Program and the International Agency for Research on Cancer (IARC), an international program
of the World Health Organization. The California air toxics programs do not have any statutory
requirement to “identify” carcinogens. The requirement instead is to identify hazardous
substances as Toxic Air Contaminants, and to determine whether or not a threshold
concentration, below which no adverse effects are expected, is likely to exist:

HEALTH AND SAFETY CODE, Division 26 (Air Resources), § 39660..
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(2) The evaluation shall also contain an estimate ofthe levels of exposure that may cause
or contribute to adverse health effects. If it can be established that a threshold of adverse
health effects exists, the estimate shall include both of the following factors:

(4) The exposure level below which no adverse health effects are anticipated.

(B) An ample margin of safety that accounts for the variable effects that heterogeneous
human populations exposed to the substance under evaluation may experience, the
uncertainties associated with the applicability of the data to human beings, and the
completeness and quality of the information available on potential human exposure to the
substance. In cases in which there is no threshold of significant adverse health effects, the
office shall determine the range of visk to humans resulting from current or anticipated
exposure to the substance.

In practice however this requirement amounts to the need to establish whether or not a substance
is carcinogenic. Any such effects are clearly harmful. Whereas the great majority of non-cancer
health effects of chemicals are regarded as having a threshold, the default assumption for
carcinogens is that there is no threshold (as described below). OEHHA follows the guidelines
laid out by IARC for identification and classification of potential human carcinogens, which are
described in detail in the most recent revision of the Preamble to the IARC monographs series
(IARC, 2006). The IARC Monograph series provides evaluations of the carcinogenicity of
individual substances or commonly occurring mixtures. The evaluation guidelines used are
similar to those used by other scientific or regulatory authorities, including U.S.EPA.

The data inputs to hazard identification for carcinogens are human epidemiological studies,
animal bioassays, along with supporting evidence such as mechanistic and genotoxicity data and
structure-activity comparisons. IARC also assembles data on the structure and identity of the
agent. The list of agents considered includes specific chemicals and also complex mixtures,
occupational and lifestyle factors, physical and biological agents, and other potentially
carcinogenic exposures.

IARC evaluations determine the quality of evidence for both animal and human evidence as
falling into one of four categories: sufficient evidence of carcinogenicity, limited evidence of
carcinogenicity, inadequate evidence of carcinogenicity and evidence suggesting lack of
carcinogenicity. Stringent requirements for data quality are imposed. In view of their crucial
importance, these definitions are quoted directly from the Preamble (IARC 2006):

“(a) Carcinogenicity in humans

Sufficient evidence of carcinogenicity: The Working Group considers that a causal
relationship has been established between exposure to the agent and human cancer. That
is, a positive relationship has been observed between the exposure and cancer in studies
in which chance, bias and confounding could be ruled out with reasonable confidence. A
statement that there is sufficient evidence is followed by a separate sentence that
identifies the target organ(s) or tissue(s) where an increased risk of cancer was observed
in humans. Identification of a specific target organ or tissue does not preclude the
possibility that the agent may cause cancer at other sites.
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Limited evidence of carcinogenicity: A positive association has been observed between
exposure to the agent and cancer for which a causal interpretation is considered by the
Working Group to be credible, but chance, bias or confounding could not be ruled out
with reasonable confidence.

Inadequate evidence of carcinogenicity: The available studies are of insufficient quality,
consistency or statistical power to permit a conclusion regarding the presence or absence
of a causal association between exposure and cancer, or no data on cancer in humans are
available.

Evidence suggesting lack of carcinogenicity: There are several adequate studies covering
the full range of levels of exposure that humans are known to encounter, which are
mutually consistent in not showing a positive association between exposure to the agent
and any studied cancer at any observed level of exposure. The results from these studies

~alone or combined should have narrow confidence intervals with an upper limit close to
the null value (e.g. a relative risk of 1.0). Bias and confounding should be ruled out with
reasonable confidence, and the studies should have an adequate length of follow-up. A
conclusion of evidence suggesting lack of carcinogenicity is inevitably limited to the
cancer sites, conditions and levels of exposure, and length of observation covered by the
available studies. In addition, the possibility of a very small risk at the levels of exposure
studied can never be excluded.

(b) Carcinogenicity in experimental animals

Carcinogenicity in experimental animals can be evaluated using conventional
bioassays, bioassays that employ genetically modified animals, and other in-vivo
bioassays that focus on one or more of the critical stages of carcinogenesis. In the
absence of data from conventional long-term bioassays or from assays with neoplasia as
the end-point, consistently positive results in several models that address several stages in
the multistage process of carcinogenesis should be considered in evaluating the degree of
evidence of carcinogenicity in experimental animals.

The evidence relevant to carcinogenicity in experimental animals is classified into one of
the following categories:

Sufficient evidence of carcinogenicity: The Working Group considers that a causal
relationship has been established between the agent and an increased incidence of
malignant neoplasms or of an appropriate combination of benign and malignant
neoplasms in (a) two or more species of animals or (b) two or more independent studies
in one species carried out at different times or in different laboratories or under different
protocols. An increased incidence of tumours in both sexes of a single species in a well-
conducted study, ideally conducted under Good Laboratory Practices, can also provide
sufficient evidence.

A single study in one species and sex might be considered to provide sufficient evidence
of carcinogenicity when malignant neoplasms occur to an unusual degree with regard to
incidence, site, type of tumour or age at onset, or when there are strong findings of
tumours at multiple sites.

Limited evidence of carcinogenicity: The data suggest a carcinogenic effect but are limited
for making a definitive evaluation because, e.g. (a) the evidence of carcinogenicity is
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restricted to a single experiment; (b) there are unresolved questions regarding the
adequacy of the design, conduct or interpretation of the studies; (c) the agent increases
the incidence only of benign neoplasms or lesions of uncertain neoplastic potential; or (d)
the evidence of carcinogenicity is restricted to studies that demonstrate only promoting
activity in a narrow range of tissues or organs.

Inadequate evidence of carcinogenicity: The studies cannot be interpreted as showing either
the presence or absence of a carcinogenic effect because of major qualitative or
quantitative limitations, or no data on cancer in experimental animals are available.

Evidence suggesting lack of carcinogenicity: Adequate studies involving at least two
species are available which show that, within the limits of the tests used, the agent is not
carcinogenic. A conclusion of evidence suggesting lack of carcinogenicity is inevitably
limited to the species, tumour sites, age at exposure, and conditions and levels of
exposure studied.”

IARC utilizes the evaluations of animal and human data, along with supporting evidence
including genotoxicity, structure-activity relationships, and identified mechanisms, to reach an
overall evaluation of the potential for carcinogenicity in humans. The revised Preamble (IARC,
2006) includes a description of the data evaluation criteria for this supporting evidence, and
indications as to the situations where the availability of supporting evidence may be used to
modify the overall conclusion from that which would be reached on the basis of bioassay and/or
epidemiological evidence alone. The overall evaluation is expressed as a numerical grouping,
the categories of which are described below, as before by directly quoting IARC (2006):

“Group 1: The agent is carcinogenic to humans.

This category is used when there is sufficient evidence of carcinogenicity in humans.
Exceptionally, an agent may be placed in this category when evidence of carcinogenicity
in humans is less than sufficient but there is sufficient evidence of carcinogenicity in
experimental animals and strong evidence in exposed humans that the agent acts through
a relevant mechanism of carcinogenicity.

Group 2.

This category includes agents for which, at one extreme, the degree of evidence of
carcinogenicity in humans is almost sufficient, as well as those for which, at the other
extreme, there are no human data but for which there is evidence of carcinogenicity in
experimental animals. Agents are assigned to either Group 2A (probably carcinogenic to
humans) or Group 2B (possibly carcinogenic to humans) on the basis of epidemiological
and experimental evidence of carcinogenicity and mechanistic and other relevant data.
The terms probably carcinogenic and possibly carcinogenic have no quantitative
significance and are used simply as descriptors of different levels of evidence of human
carcinogenicity, with probably carcinogenic signifying a higher level of evidence than
possibly carcinogenic. '

Group 2A: The agent is probably carcinogenic to humans.
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This category is used when there is /imited evidence of carcinogenicity in humans and
sufficient evidence of carcinogenicity in experimental animals. In some cases, an agent
may be classified in this category when there is inadequate evidence of carcinogenicity in
humans and sufficient evidence of carcinogenicity in experimental animals and strong
evidence that the carcinogenesis is mediated by a mechanism that also operates in
humans. Exceptionally, an agent may be classified in this category solely on the basis of
limited evidence of carcinogenicity in humans. An agent may be assigned to this category
if it clearly belongs, based on mechanistic considerations, to a class of agents for which
one or more members have been classified in Group 1 or Group 2A.

Group 2B: The agent is possibly carcinogenic to humans.

This category is used for agents for which there is limited evidence of carcinogenicity in
humans and less than sufficient evidence of carcinogenicity in experimental animals. It
may also be used when there is inadequate evidence of carcinogenicity in humans but
there is sufficient evidence of carcinogenicity in experimental animals. In some instances,
an agent for which there is inadequate evidence of carcinogenicity in humans and less
than sufficient evidence of carcinogenicity in experimental animals together with
supporting evidence from mechanistic and other relevant data may be placed in this
group. An agent may be classified in this category solely on the basis of strong evidence
from mechanistic and other relevant data.

Group 3: The agent is not classifiable as to its carcinogenicity to humans.

This category is used most commonly for agents for which the evidence of
carcinogenicity is inadequate in humans and inadequate or limited in experimental
animals.

Exceptionally, agents for which the evidence of carcinogenicity is inadequate in humans
but sufficient in experimental animals may be placed in this category when there is strong
evidence that the mechanism of carcinogenicity in experimental animals does not operate
in humans. ’

Agents that do not fall into any other group are also placed in this category.

An evaluation in Group 3 is not a determination of non-carcinogenicity or overall safety.
It often means that further research is needed, especially when exposures are widespread
or the cancer data are consistent with differing interpretations.

Group 4: The agent is probably not carcinogenic to humans.

This category is used for agents for which there is evidence suggesting lack of
carcinogenicity in humans and in experimental animals. In some instances, agents for
which there is inadequate evidence of carcinogenicity in humans but evidence suggesting
lack of carcinogenicity in experimental animals, consistently and strongly supported by a
broad range of mechanistic and other relevant data, may be classified in this group.”
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The IARC hazard evaluation system provides a detailed and generally accepted scheme to
classify the strength of evidence as to the possible human carcinogenicity of chemicals and other
agents. This includes careful consideration of mechanistic data and other supporting evidence,
the evaluation of which is also important to inform selection of models or defaults used in dose
response assessment, as is described below. The extended consideration of supporting evidence
is in fact the primary difference between more recent versions of the guidance from IARC, and
also by other organizations including U.S. EPA, and the original versions of that guidance. In
fact, the basic criteria for hazard identification based on bioassay and epidemiological data have
not changed substantially in other respects from earlier guidance documents, including that
originally published by California (DHS, 1985). Although as noted earlier the California Air
Toxics programs do not categorize identified carcinogens, it has generally been the practice to
regard any agent with an IARC overall classification in Group 1 or Group 2 as a known or
potential human carcinogen. This implies the selection of various policy-based default options,
including absence of a threshold in the dose-response curve, unless specific data are available to
indicate otherwise. The same basic identification criteria are used by OEHHA scientific staff to
determine the appropriate treatment of agents not evaluated by IARC, or for which newer data or
revised interpretations suggest that an earlier IARC determination is no longer appropriate.

U.S. EPA has also proposed a scheme for carcinogen hazard identification and strength of
evidence classification in their recently finalized Guidelines for Carcinogen Risk Assessment
(U.S. EPA, 2005). These principally differ from the IARC guidance in recommending a more
extensive narrative description rather than simply a numerical identifier for the identified level of
evidence, and also to some degree in the weight accorded to various types of supporting
evidence. However, for most purposes they may be regarded as broadly equivalent to the
scheme used by IARC, and OEHHA has chosen to cite the IARC (2006) Preamble as
representing the most up-to-date and generally accepted guidance on this issue.

Dose Response Assessment

The dose-response phase of a cancer risk assessment aims to characterize the relationship
between an applied dose of a carcinogen and the risk of tumor appearance in a human. This is
usually expressed as a cancer slope factor [“potency” — in units of reciprocal dose - usually
(mg/kg-body weight.day)" or “unit risk” — reciprocal air concentration — usually (ng/m®)"] for
the lifetime tumor risk associated with lifetime continuous exposure to the carcinogen at low
doses. Cancer potency factors may also be referred to as “cancer slope factors”. (As will be
described later, additional algorithms may need to be applied to determine risk for specific age
groups, or at higher doses where toxicokinetic factors have significant effect.) The basic
methodologies recommended in this document are similar to those described by U.S. EPA
(2005a) in their Carcinogen Risk Assessment Guidelines. This document therefore refers to U.S.
EPA (2005a) for explanation of detailed procedures, and will provide only a brief summary
except in cases where OEHHA recommendations are different from or more explicit than those
of U.S. EPA.

The following descriptions of methods for dose response assessment, and considerations in their
application, apply in principle to the analysis of both animal and human (epidemiological) cancer

incidence data. Indeed, the original formulation of the multistage model (Armitage and Doll,

1954) described below was developed based on _human cancer incidence. Nevertheless, the

23



TSD for Cancer Potency Factors: SRP Draft . December2008April 2009

number and quality of human cancer incidence datasets is limited. The more complex analyses
have usually only been possible for animal experimental data, where the interindividual
variability and the exposure conditions can be both measured and controlled. Most commonly,
epidemiological studies have necessarily used a form of multivariate analysis to separate the
effects of several different variables relating to exposure, demographics and behaviors (e.g.
smoking). In these analyses it is usually assumed that the effect measure(s) vary linearly with
the exposure: any more complex variance assumptions might exceed the power of the data to
determine the required model parameters. However, there are exceptions, especially for
occupational studies where the critical exposure is measured as a continuous variable (rather than
just categorical) and where the effect of this exposure is substantial relative to other confounding
factors. For example, OEHHA (1998) used a multistage model dealing with both exposure
intensity and duration in the analysis of cancer incidence in railroad workers exposure to diesel
exhaust (Garshick et al., 1988)

Interspecies Extrapolation

The procedures used to extrapolate low-dose human cancer risk from epidemiological or animal
carcinogenicity data are generally health-protective in that they determine an upper confidence
bound on the risk experienced by an exposed population. As statistical estimates they cannot be
regarded as definite predictions of the risk faced by any one specific individual, who might for a
variety of reasons, including individual exposure and susceptibility, experience a risk different
from the estimate. The risk assessment procedures used aim to include the majority of variability
in the general human population within the confidence bound of the estimate, although the
possibility that some individuals might experience either lower or even no risk, or a considerably
higher risk, cannot be excluded. Additionally, differences may exist between the characteristics
of the general public and those of studied populations. For example, healthy workers, the subject -
of most epidemiological studies, are often found to have lower rates of morbidity and mortality
than the general population (Wen et al., 1983; Monson, 1986; Rothman and Greenland, 1998).
Most human data are derived from studies of largely male adult workers and risk estimates
cannot take into account specific physiological factors of women, children, and older populations
that may affect the potency of a carcinogen, including early age-at-exposure.

Dose-response assessment based on environmental epidemiological studies may involve
evaluation of health impacts at exposure levels within the range of those measured in the study
population. However, more usually the source data are studies of occupationally exposed
humans or of animals, in which case the exposures in the study are likely to be much higher than
those of concern for risk assessments relating to community or ambient exposures. Further, even
when extrapolation from animal species to humans is not required, the general population to
which the URF is applied may differ in characteristics relative to the occupational population
studied. It is therefore necessary to extrapolate from the available data to the population and
exposure range of concern, which is done by using a dose-response model derived from the
source data. The models used fall into three main classes; mechanistically based models,
empirical models and (where data are lacking to support a true data-based model) default
assumptions. The factors affecting the dose-response relationships for carcinogenesis may also
be divided into those relating to absorption, distribution, metabolism and excretion on the one
hand (i.e. toxicokinetics), and those relating to the underlying dose-response characteristics of
carcinogenesis at the tissue or cellular level (i.e. toxicodynamics). In this sense the problem of
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dose response assessment for carcinogens is similar to that for non-cancer toxic effects. The
toxicokinetic models used may in fact be similar for both situations, but the toxicodynamic
models are generally different.

Intraspecies Extrapolation and Inter-individual Variability

In estimating the impact of a particular level of exposure to a carcinogen on a target human
population, it is necessary to consider the range of susceptibility in the target population. In the
present case this is typically defined as the general population of the State of California,
including of course women (some of whom are pregnant), infants and children, the elderly, the
sick, and those with genetic polymorphisms or acquired differences which affect their
susceptibility to carcinogens. In general it has been assumed that the upper-bound risk estimates
obtained from the standard toxicodynamic models described below are sufficiently health-
protective to cover the intrinsic variability of the adult human target population, in spite of the
fact that these models do not explicitly address this type of variability, except in the few cases
where an estimate is based on epidemiological data from a large and unselected study group
(U.S. EPA, 2005a). However, various analyses (Drew et al., 1983; Barton et al., 2005; Appendix
J) have suggested that this assumption is inadequate to cover the expected variability within a
human population that includes infants and children. Accordingly both U.S. EPA (2005b) and
this document (page-30-et-seg)-now offer guidance on the use of age-specific adjustment factors
to allow for the potentially greater sensitivity of infants and children to chemical carcinogenesis.

The ability to accommodate human variability with regard to the toxicokinetic factors affecting
susceptibility to carcinogens varies with the level of detail used in the particular assessment. If
the generic interspecies extrapolation approach based on body weight is used without any
explicit toxicokinetic model then the assumption is made, as in the case of toxicodynamic
variability, that the overall health-protective assumptions made are sufficient to cover the
toxicokinetic variability. On the other hand if explicit models such as those referenced in the
following paragraph are used, this variability may be more explicitly accommodated by using
- parameter values which are taken as point estimates from measured distributions of population
values, or by using Monte Carlo techniques to include those distributions in the model (Bois et
al., 1996; OEHHA, 1992; 2001b).

Toxicokinetic Models

Considerable literature exists showing the importance of understanding the toxicokinetics of
carcinogens in understanding their mechanism of action, sites of impact and dose-response
relationships. U.S. EPA (2005) in Section 3.1 refers to the importance of identifying an
appropriate dose metric for the dose-response analysis. Early cancer risk assessments typically
used applied dose as the dose metric, which is adequate in simple cases provided appropriate
correction factors are applied for interspecies extrapolation. However, it is often observed that
the uptake, metabolism and elimination of the carcinogenic substance (and/or a procarcinogen
and metabolites) is non-linear, especially at the higher doses employed in experimental animal
studies (Hoel er al., 1983, Gaylor et al., 1994). Extrapolation to lower doses where such
relationships tend to linearity (Hattis, 1990) is aided by the use of toxicokinetic models. These
may be relatively simple compartment models, or sophisticated “physiologically based
pharmacokinetic (PBPK) models” which to a greater .or lesser degree model the actual
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biochemical and physiological events of toxicokinetic importance. Applications of both types of
model may be found in various risk assessment documents prepared for the Toxic Air
Contaminants program (and other OEHHA risk assessments). Since the details vary widely
according to the nature of the chemical and the availability of appropriate kinetic data these
general guidelines will defer to those examples rather than attempt a fuller exposition here.
Further analysis of the use of toxicokinetic modeling in extrapolation from animals to humans,
and in accounting for interindividual variability among adult humans, infants and children is
presented in the Air Toxics Hot Spots Technical Support Document for the Derivation of

| Noncancer Reference Exposure Levels (OEHHA, 2607—PublicReview—Draft2008). Although
this refers to the use of toxicokinetic modeling in non-cancer risk assessment, the primary
considerations are similar for cancer risk assessment.

Toxicodynamic Models

An early use of mechanistic analysis to support risk assessment was the development of the
Armitage-Doll multistage model of dose-response for carcinogenesis. The multistage model was
initially developed on theoretical grounds, and by examination of epidemiological and animal
data on time to tumor incidence. Subsequent discovery of the molecular biology of proto-
oncogenes has provided a basis for explaining the model in terms of actual biological events and
systems (Barrett and Wiseman, 1987). This model was developed by Crump and others into the
“linearized multistage model”, which has been extensively used for carcinogen risk assessment.
It leads to a number of partially verifiable predictions, including linearity of the dose-response
relationship at low doses, which is observed for many genotoxic carcinogens. It also predicts the
form of the dose-response relationship at higher doses, which generally follow a polynomial
form (subject to sampling and background corrections) except where other identifiable factors
such as pharmacokinetics intervene.

It has been argued that the simple linearized form of the multistage model has limitations as a
description of carcinogenic mechanisms, which detract from its usefulness and generality. Cell
proliferation is known to be important in the progression of cancer. It may actually be the
primary mechanism of action for a few carcinogens, as opposed to the direct modification of
DNA by the carcinogen or a metabolite which is assumed to cause the mutational event at each
stage in the original multistage description. A cell proliferation model has been developed
(Moolgavkar and Knudson, 1981), which retains the concept of an initiating mutational event (in
most cases caused by interaction of the chemical with DNA, although it could also be a
spontaneous mutation) as in the original multistage model, but also considers proliferation, death
or terminal differentiation of both normal and initiated cells. This model is thought to better
describe the biological events in carcinogenesis. However, it has not been used extensively in
risk assessment because it requires many parameters that are difficult to define and measure
(such as proliferation and death rates for various classes of cell). If these cannot be accurately
determined, the model has too many free parameters and is not helpful in defining extrapolated
values for risk assessment purposes. This highlights a general problem in using mechanistic
models in carcinogen risk assessment, which is that the carcinogenesis data themselves are
generally insufficient to define fully the dose response curve shape at low doses or provide much
mechanistic information. The analysis is therefore supplemented with policy-based assumptions
(such as the expectation of linearity at low doses) and, wherever possible, additional
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experimental measurements relating to the mechanism of action, in order to make meaningful
prediction of risk from environmental exposures to humans.

Because of the difficulties in validating simplified mechanistic models such as the basic
multistage model, and the additional difficulty of parameter estimation with more complex
mechanistic models, the new U.S. EPA guidelines (U.S. EPA, 2005a) and some recent California
risk assessments have chosen instead to use a less overtly mechanistic approach. This approach
combines benchmark dose methodology (described below) with an explicit choice of the method
for low-dose extrapolation, either assuming low-dose linearity or, for certain carcinogens where
data indicate that this is appropriate, a “margin of exposure” or safety/uncertainty factor based
approach. This benchmark method is now normally recommended for carcinogen dose response
analysis, and the results generally differ little from those derived by the linearized multistage
model. Although the linearized multistage method is no longer recommended as the default
approach for cancer potency estimation it remains a plausible alternative in many cases, and still
has useful applications, such as for time-to-tumor analyses for which benchmark methods are not
yet widely available. Additionally, a considerable number of existing cancer potencies in
Appendices A and B, and used in the Air Toxics Hot Spots program were derived by this
method. Many of these would not be significantly different if calculated by the benchmark
approach, and are unlikely to be replaced soon by newly calculated values. The linearized
multistage method will therefore also be briefly described here.

Benchmark dose methodologies

The use of benchmark dose methodology has been explored by various investigators [including
Gaylor et al. (1998); van Landingham et al. (2001) and Crump (1984, 1995, 2002)] as a tool for
dose response extrapolation. This has been recommended in regulatory guidelines for both
carcinogenic (U.S. EPA, 2005a) and non-carcinogenic (U.S. EPA, 1995) endpoints. The basic
approach is to fit'an arbitrary function to the observed incidence data, and to select a “point of
departure” (POD) (benchmark dose) within the range of the observed data. From this a low dose
risk estimate or assumed safe level may be obtained by extrapolation, using an assumed function
(usually linear) or by application of uncertainty factors. The critical issue here is that no
assumptions are made about the nature of the underlying process in fitting the data. The
assumptions about the shape of the dose response curve (linear, threshold, etc.) are explicitly
confined to the second step of the estimation process, and are chosen on the basis of policy,
mechanistic evidence or other supporting considerations. The benchmark chosen is a point at the
low end of the observable dose-response curve. Usually a dose at which the incidence of the
tumor is 10% is chosen for animal studies, although lower effect levels may be appropriate for
large epidemiological data sets. Because real experimental data include variability in the
response of individual subjects, and measurement errors, likelihood methodology is applied in
fitting the data. A lower confidence bound (usually 95%) of the effective dose (LED ), rather
than its maximum likelihood estimate (MLE), is used as the point of departure. This properly
reflects the uncertainty in the estimate, taking a cautious interpretation of highly variable or
error-prone data. It also reflects the instability of MLE values from complex curve-fitting
routines, which has been recognized as a problem also with the linearized multistage model.

For cancer dose-response estimation using the benchmark dose method, either animal bioassay
data or epidemiological data provide a suitable basis. In the absence of a pharmacokinetic model
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(which could provide tissue-specific dose metrics), the potency would ordinarily be based on the
time-weighted average exposure during the exposure or dosing period. The model used to fit the
data can be chosen from a range of available alternative quantal models, depending on which
provides the best fit to the data in the observable range. In practice, the multistage polynomial fit
developed for the linearized multistage model works well for most tumor data sets. Here it is
being used merely as a mathematical curve-fitting tool, where the model well fits the data set,
without making assumptions about its validity as a biological model of carcinogenesis.

Suitable polynomial fits and estimates of the benchmark may be obtained using U.S. EPA’s
BMDS software. The benchmark often used is the 95% lower confidence bound on the dose
producing 10% tumor incidence. However, if data are available which include a significant
dose-response at less than 10% tumor incidence, then that lower benchmark should be used (e.g.
LEDgs or LEDy;). Other software such as Tox Risk, which was used for the linearized
multistage model, has been used successfully, although the earlier GLOBAL program and its
relatives are less suitable as curve-fitting tools for benchmark dose analysis.

Since it is usually assumed in cancer risk estimation that the low-dose response relationship is
linear, risk estimates and a potency value (slope factor) may be obtained by linear extrapolation
from an appropriate benchmark dose. The potency is the slope of that line (0.1/LED1o). The low
dose linearity assumption is a general default for any carcinogen, and it is unlikely to be altered
for genotoxic carcinogens.

A calculation using the benchmark dose approach (using a polynomial model with exponents
restricted to zero or positive values), and linear extrapolation from the LED; to obtain a potency
estimate is shown in Figure 1 (the figure was generated by the U.S. EPA’s BMDS program).
This is based on tumor incidence data from an actual experiment with vinyl bromide in rats
(Benya et al., 1982), with metabolized dose calculated by means of a pharmacokinetic model
(Salmon et al., 1992). The value of q;* obtained by this calculation would then be corrected for
the duration of the experiment if it had lasted for less than the standard rat lifetime, and for
bodyweight and route-specific pharmacokinetic factors as described below. This is in addition
to the correction for exposure duration that would be necessary if the study had not lasted for 105
weeks, and the interspecies correction, both of which are described below.
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Figure 1. Benchmark dose calculation for tumor data in rats exposed to vinyl bromide
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A "multistage" polynomial (U.S. EPA, 1986, 2005a; Anderson et al., 1983), based on the
mechanistic insights of the original Armitage and Doll model of cancer induction and
progression, has been used extensively by U.S. EPA, OEHHA and other risk assessors to model
the dose response for lifetime risk of cancer. It usually is used for analysis of animal bioassay
data, although related approaches have occasionally been used with epidemiological data. In
mathematical terms, the probability of dying with a tumor (P) induced by an average daily dose

(d) is:
P(d) =1 - exp[-(qo+ qid + qod® + ... + qid)]

with constraints

qi > 0 for all i.
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Equivalently, Ad)=1-exp[-(q:1d+ qzd2 + ot q;ﬂk IR

where A(d) = ﬂflﬁ is the extra risk over background at dose d.

The q; model parameters are constants that can be estimated by fitting the polynomial to the data
from the bioassay, i.e. the number of tumor bearing animals (as a fraction of the total at risk) at
each dose level, including the controls. The fit is optimized using likelihood methodology,
assuming that the deviations from expected values follow a * distribution, with the number of
degrees of freedom (and hence the maximum number of terms allowed in the polynomial)
determined by the number of points in the data set. All the coefficients of the terms are
constrained to be zero or positive, so the curve is required to be straight or upward curving, with
no maxima, minima or other points of inflection. In addition to the maximum likelihood
estimates of the parameters, the upper 95% confidence beunds-limits on these parameters are
calculated. :

The parameter qo represents the background lifetime incidence of the tumor. The 95% upper
confidence limit of the slope factor q;;-or-mere-usualy-its-upper-bound (q; ), is termed the cancer
potency. The maximum likelihood estimate (MLE) of q; is not usually regarded as a reliable
estimate for several reasons. First, it fails to reflect the uncertainty and variability in the data
which affect the value of the estimate. This is an important issue for protection of public health,
which is emphasized by current regulatory guidelines. Secondly, due to the variable order of the
polynomial and the effect of some terms being zero as opposed to having a small but finite value,
the MLE is unstable, and may show large and unpredictable changes in response to very slight
changes in the input data. It may also erratically have a zero value, even when the data imply a
significant positive dose-response relationship. The MLE is not a measure of central tendency
for this estimate distribution (which is always asymmetrical and often multi-peaked). For small
doses, the cancer potency is the ratio of excess lifetime cancer risk to the average daily dose
received. Details of the estimation procedure are given in Crump (1981) and Crump, Guess, and
Deal (1977). Several software programs are available to perform the necessary calculations,
including U.S. EPA’s BMDS, Tox Risk and the earlier GLOBAL programs by Crump and
colleagues, and Mstage, written by Crouch (1987).

When dose is expressed in units of mg/kg-d, the potency is given in units of (mg/kg-d).
Likewise, when the model input is in units of concentration (ug/m’, ppb). the potency is given in
units of pg/m*)" pr (ppb)!. As in the case of potencies obtained by the benchmark approach, the
experiment-based potency value needs to be corrected for less-than lifetime or intermittent
exposure, and extrapolated from the test species to humans. Risk calculations using potency
value estimated using the linearized multistage model predict the cancer risk at low doses only,
with the higher order terms of the fitted polynomial being ignored since their contribution is
negligible at low doses.

Selection of Site and Tumor Type

In developing cancer potency estimates from animal data, standard practice has been to use dose-
response data for the most sensitive tumor site as the basis of the estimate (CDHS, 1985). Where
tumors of more than one histological type (e.g. adenomas and carcinomas) are observed at a
single site, the combined incidence, i.e. proportion of animals affected with at least one tumor of
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any of the relevant types, is used for dose-response assessment. The same rules for combining
tumor types are generally applied in determining statistical significance for carcinogen
identification (IARC, 2006). Tumor types considered to represent different stages of progression
following initiation of a common original normal cell type are combined, whereas tumor types
having different cellular origins are generally not combined by this procedure. Other
considerations that may influence choice of site for dose response estimation include the quality
of the data (especially, the statistical impact of a high or variable rate of a particular tumor type
and site in control animals), and biological relevance to humans. However, it is an important
principle that, just as for the hazard identification phase, concordance of site or tumor type
between animal models and human health effects may occur but is not assumed or required.

Carcinogens inducing tumors at multiple sites

For most carcinogens, the selection of the most sensitive site in the animal studies is recognized
as providing a risk estimate which is appropriate to protect human health. However, for
chemicals that induce tumors at multiple sites, the single-site approach may underestimate the
true carcinogenic potential. For example, the overall assessment of cancer risk from cigarette
smoking (U.S. DHHS, 1982) or ionizing radiation (NRC, 1990) is not based on risk at one site,
such as lung cancer. Instead, total cancer risk is estimated from all the sites at which agent-
induced tumors are observed (lung, bladder, leukemia, etc), combined.

For carcinogens that induce tumors at multiple sites and/or with different cell types in a
particular species and sex, OEHHA derives the animal cancer potency by probabilistically
summing the potencies from the different sites and/or cell types. Using the combined potency
distribution takes into account the multisite tumorigenicity and provides a basis for estimating
the cumulative risk of all treatment-related tumors.

The linear term (q;) of either the multistage model or the multistage-in-dose, Weibull-in-time
model is first estimated based on the dose-response data for each of the treatment-related tumor
sites. Statistical distributions, rather than point estimates, are generated at each site by tracing
the profile likelihood of the linear term (q;) (Zeise et al., 1991). The distributions of q; for each
of the treatment-related sites are then statistically summed using a Monte Carlo approach and
assuming independence (Figure 2). The sum is created by adding the linear term for each tumor
site, according to its distribution, through random sampling. The upper 95 percent confidence
limit on the summed distribution is taken as the multisite animal cancer potency estimate
(McDonald et al., 2003, McDonald and Komulainen, 2005).

OEHHA has applied this approach in several recent dose-response analyses, including that for
naphthalene presented in Appendix B of this document.
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Figure 2. Addition of potency distributions for multi-site cancer potency derivations.
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Early-Lifestage Cancer Potency Adjustments

In recent years, there have been growing concerns regarding the exposure of children to
environmental chemicals, including the possibility that they may be more susceptible than adults
to injury caused by those chemicals. The California Legislature passed the Children’s
Environmental Health Protection Act (Senate Bill 25, Escutia; Chapter 731, Statutes of 1999;
“SB 25”) to help address these concerns. Under SB25, OEHHA is mandated to consider infants
and children specifically, where data permit, in evaluating the health effects of Toxic Air
Contaminants (TACs).

The development of cancer is one of the adverse health effects that may occur in children as a
result of exposure to environmental chemicals. The document “Prioritization of Toxic Air
Contaminants under the Children’s Environmental Health Protection Act” (OEHHA, 2001a)
noted that risks of cancer from exposures to carcinogens occurring from conception through
puberty can be different than those from exposures occurring in adulthood. Exposure to a
carcinogen early in life may result in a greater lifetime risk of cancer for several reasons:

1. Cancer is a multistage process and the occurrence of the first stages in childhood
increases the chance that the entire process will be completed, and a cancer produced,
within an individual’s lifetime.

2. Tissues undergoing rapid growth and development may be especially vulnerable to
carcinogenic agents. During periods of increased cell proliferation there is rapid turnover
of DNA, and more opportunity for misrepair of damage (e.g., DNA breaks, crosslinks,
adducts) or alterations to result in permanent changes to the DNA (e.g., mutations, altered
DNA methylation) that may ultimately lead to cancer.

3. During early development, a greater proportion of the body’s cells are relatively
undifferentiated stem cells, and as such represent a large target population of somatic
cells capable of passing along permanent changes to the DNA during future cell
divisions.

4. There may be greater sensitivity to hormonal carcinogens early in life since the
development of many organ systems is under hormonal control (e.g., male and female
reproductive systems, thyroid control of CNS development).

5. Other factors that may play a role in increased cancer risk from exposures during critical
developmental periods include differences in immunological activity, intestinal
absorption, biliary and kidney excretion, blood and fat distribution, and expression of
enzyme systems that activate or detoxify carcinogens.

Data in humans and animals for a variety of carcinogens suggest that exposures to such
carcinogens early in life may result in a greater lifetime risk of cancer compared to exposures
later in life. Examples of this effect in humans are carcinogenicity due to ionizing radiation,
diethylstilbestrol (DES), chemotherapeutic agents, and tobacco smoke.

Tonizing radiation exposure carries an increased risk of cancer when exposures occur early in life
compared to adult exposures for a number of tumor types. Children exposed to ionizing
radiation (diagnostic X-rays) in utero demonstrate a larger excess of leukemia cases than
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children exposed to ionizing radiation postnatally (NRC, 1990). Exposure to radioisotopes (B,

137Cs, 134Cs, 90Sr) as a consequence of the 1986 Chernobyl nuclear accident resulted in an
elevated thyroid cancer incidence in children but not adults (Moysich, 2002). Treatment of
children for Hodgkins lymphoma with both chemotherapeutic agents and irradiation has been
shown to increase the risk of secondary tumors (Swerdlow et al., 2000; Franklin et al., 2006).
Age at irradiation in Hodgkin’s disease patients treated with radiotherapy strongly influenced the
risk of developing breast cancer. The relative risk (RR) of developing breast cancer was 136 for
women treated before 15 years of age, 19 for women 15-24 years of age, and 7 for those 24-29
years of age. In women above 30 years of age, the risk was not increased (Hancock et al., 1993).

DES was administered to pregnant women in the 1940s-1960s for the purpose of preventing
pregnancy loss. In 1970, Herbst and Scully described 7 cases of vaginal adenocarcinoma (6
cases of the clear-cell type) in women aged 15-22 years. This type of cancer is extremely rare in
that age range. A follow-up epidemiological study included an additional case, and noted the
fact that the mothers of 7 of the 8 patients had been treated with DES during their pregnancy
(Herbst et al., 1971). Reports by other investigators confirmed the association between maternal
use of DES during pregnancy and the development of vaginal adenocarcinoma in their female
offspring (Preston-Martin, 1989). It was observed that in utero DES exposure resulted in female
genital tract morphological changes which correlated with both dose and duration of exposure,
and those changes were not related to the maternal conditions which were the reason for the DES
administration. Additionally, the risk of occurrence of those morphological changes declined
with increasing gestational age at first exposure (O’Brien ef al., 1979; Preston-Martin, 1989). In
contrast, vaginal adenocarcinoma incidence did not increase in the exposed mothers themselves, -
indicating an increased early-life susceptibility to the carcinogenic effects of DES.

There is evidence in the epidemiological literature indicating that exposure to tobacco smoke
during puberty may increase risk of breast cancer later in life, particularly among women who

are NAT?2 slow deacetylators (Marcus et al., 2000; Morabia et al., 2000; Lash and Aschengrau,

1999). Wiencke et al. (1999) report that early age at initiation of smoking is associated with a
higher level of DNA adducts in lung tissue of former-smokers with lung cancer.

It has also been observed by Smith et al. (2006) that human in utero or early childhood exposure

to arsenic in drinking water results in significantly increased lung cancer incidences during adult
life.

Data from animal studies provide additional examples of increased sensitivity to early life
(typically postnatal and juvenile) exposures. These effects span a range of target tissues,
including the liver (vinyl chloride, safrole), brain (methylnitrosourea), reproductive tract (DES,
tamoxifen), and lung (urethane) (OEHHA, 2001a).

In the following sections we summarize two efforts to evaluate quantitatively the effect of
lifestage at exposure on carcinogenic response in experimental animal studies. The first section
provides a description of OEHHA’s analysis of data on the effect of age at exposure on
carcinogenic potency. (Details of this analysis are in Appendix J.) The second section describes
U.S. EPA’s work in this area. (We also provide the published paper in Appendix I that presents
the U.S. EPA analyses.) Both analyses used extant data available in the published literature.
U.S. EPA used their analysis to modify the procedures they have used to estimate cancer risk by
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weighting risk by specific factors for childhood exposures. The weighting factors are a policy
choice supported by U.S. EPA’s data analysis. The results of OEHHA’s analysis, summarized
below and described in detail in Appendix J, support the decision to modify policy to weight risk
when exposure occurs during childhood. Thus, OEHHA is also proposing to weight risk when
exposure occurs in childhood.

QFEHHA Analysis of the Effect of Age at Exposure on Cancer Potency

The analysis of animal cancer studies which include early life exposure by the Reproductive and
Cancer Hazard Assessment Branch (RCHAB) of OEHHA also supports the application of
lifestage-specific cancer potency factor adjustments. This analysis is provided in detail as
Appendix J of this document.

Early-in-life susceptibility to carcinogens has long been recognized by the scientific community
and clinicians as a public health concern. Numerous scientific publications and symposia have
addressed this issue over the years and the scientific literature contains a number of human
clinical findings and epidemiological studies of early life cancer susceptibility. While there are
many indications of increased human cancer susceptibility in early life, the magnitude of the
impact has been difficult to gauge. Until recently risk assessment procedures have not in general
addressed the issue. As described in the next section, in 2005 the U.S. EPA adopted an approach
to weight carcinogens by age at exposure if they act via a mutagenic mode of action. The
California legislature in 2000 directed OEHHA to assess methodologies used in addressing
early-in-life risk, compile animal data to evaluate those methods, and develop methods to
adequately address carcinogenic exposures to the fetus, infants, and children (Children’s
Environmental Health Initiative [AB 2872, Shelly]; California Health and Safety Code [HSC]
section 901 [a] through [e]).

OEHHA assessed cancer risk assessment methodologies, and found that the existing risk
assessment approaches did not adequately address the possibility that risk from early-in-life and
adult exposures may differ. OEHHA further concluded that there was a need to address early-in-
life cancer risk, and undertook studies to develop methods for doing so. Age-related cancer
susceptibility data were identified from published animal cancer bioassays in which these issues
were addressed. Two types of studies with early-in-life exposures were compiled. The first type
are "multi-lifestage exposure studies." These studies have at least two groups exposed during
different lifestages: One dose group is exposed to a chemical only during one of the following
lifestages (Figure 3):

e prenatal (from conception to birth),

* postnatal (from birth to weaning),

e juvenile (from weaning to sexual maturity).

The second dose group is exposed for some period of time at an older age, preferably during the
adult lifestage, that is, after sexual maturity. This group served as the reference group. In some
cases where there was no adult exposure group, animals exposed as juveniles served as the
reference group. Multi-lifestage exposure studies are available for many chemicals, enabling the
exploration of patterns in early-life susceptibility across chemicals.
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Figure 3. Definition of Rodent Lifestage Adopted in the OEHHA Analyses
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OEHHA also conducted ‘“chemical-specific case studies” of early-life sensitivity for two
carcinogens, ethyl-N-nitrosoamine (DEN) and N-ethyl-N-nitrosourea (ENU) that combine data
from a number of studies. These “chemical-specific case studies” were conducted to explore the
feasibility of analyzing chemical-specific data on age susceptibility from single-lifestage
exposure experiments. For these chemicals, OEHHA compiled from the literature a second type
of study, “single-lifestage exposure experiments.” In these experiments dose groups were
exposed only during a particular lifestage and, unlike the “multi-lifestage exposure studies,”
there was no requirement that the same study also include groups exposed during a different
lifestage. Thus, single-lifestage exposure experiments were identified as being either prenatal,
postnatal, juvenile, or adult exposure studies. For each of the two chemicals, there were many
prenatal studies conducted that were compiled, analyzed, and grouped together. Postnatal
studies from different publications were similarly compiled, analyzed and grouped together, as
were juvenile studies. Adult studies were not available for either DEN or ENU, thus for both
chemicals juvenile exposure studies served as the referent for prenatal studies, and for postnatal
studies.

Typical cancer bioassays such as those conducted in rats and mice by NTP involve exposing
animals starting at six to eight weeks of age, which is the time at which these animals reach
sexual maturity (late teenagers relative to humans). The experiments are run for two years,
ending when the animal is in late middle age. Thus, early and very late life exposures are not
included in the typical rodent bioassay (see Figure 4). If the NTP bioassay is used as a basis for
estimating_cancer potency. the potency and resulting risk estimates may be too low. Thus
OEHHA focused on finding studies that evaluated early in life exposures.
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Figure 4. Dosing Period for Typical Rodent Bioassays.
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Since bioassays examining the effect of age at exposure on carcinogenesis were conducted by
various investigators for different purposes, there is a great deal of variation across studies in
terms of dose selection, duration of exposure, number of animals, and length of study duration.
To be included in the compilation of studies with early life exposure, a study or an experimental
group in a study had to meet minimum requirements.

The criteria for study inclusion are as follows:

Treated groups were exposed to a single chemical carcinogen or a single carcinogenic
chemical mixture.

Study groups were not compromised by severe treatment-related non-cancer toxicity.

Overall the duration of ‘exposure period plus observation period exceeded 40 weeks,
unless animals died of tumor. ‘

For included dose groups, the study must report age at dosing, age at sacrifice, and site-
specific tumor incidence.

Each lifestage exposure treatment group has an appropriate concurrent control group, or,
for rare tumors only, an appropriate historical control.

The studies were on mammals.

Each treatment and control group consists of at least ten animals, unless the conduct and
design of the study was well done in all other aspects (e.g., the length of the study was
sufficiently long to observe treatment-related tumors) and tumor incidence was high in
treated groups and very low in controls.

Site specific tumor data were reported, not only total number of tumor bearing animals.

The test compound was administered in the diet, water, via gavage, or by intraperitoneal
(i.p.), intravenous (i.v.), or subcutaneous (s.c.) injection. For dermal and subcutaneous
injection studies, distal tumor findings are utilized (for dermal, other than skin tumors;
for injection, non-injection site tumors).
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e While studies designed to histopathologically examine tumors at multiple sites were
preferred, studies that examined only a select set of organ/tissue sites were not excluded
if the sites examined were known with confidence to be the only target tissues for the
chemical and lifestage in question in that particular strain of animal.

Different approaches were taken to identify animal cancer studies that included groups of
animals exposed during early life stages. First, MEDLINE and TOXLINE (National Library of
Medicine) databases were searched using combinations of various key words for cancer (e.g.,
tumor(s), neoplasm(s), cancer, neoplasia, cancerous, neoplasms-chemically induced) and for
early-life exposure (e.g., age, age-at-exposure, development (al), prenatal, in utero, gestation (al),
postnatal, neonatal, juvenile, weaning, weanling, adolescent, adolescence, young). Second, the
extensive compilation of bioassays in the Survey of Compounds which have been Tested for
Carcinogenic Activity, was reviewed. This survey, formerly maintained by the National Cancer
Institute as Public Health Service Publication Number 149, or PHS 149, is now available from a
private source electronically as CancerChem, 2000. Third, from bibliographies from relevant
published papers additional studies were identified. Finally the Single Dose Database developed
by Calabrese and Blain (1999) was obtained and utilized to identify additional publications that
appeared to contain potentially useful data. All of these publications were evaluated to
determine if the study dosed separate groups of animals early in life and at or near adulthood. A
total of 145 publications, providing data on 84 chemicals, were identified as meeting the criteria
for study inclusion. A subset of these met the criteria for inclusion in the multi-lifestage
exposure analysis. ‘

Finally, for the OEHHA multi-lifestage analyses, we define “experiment” as a study component
consisting of a control group as well as a treated group(s) exposed during the same lifestage (i.c.,
prenatal, postnatal, juvenile or adult), and using the same experimental protocol (e.g., route of
exposure, strain, species, laboratory). Thus, by our definition one publication may report
multiple experiments.

In the OEHHA analysis, data from studies on 23 unique carcinogens, 20 of which are considered
to act via primarily genotoxic modes of action, were analyzed. Of these 20 carcinogens, 15 are
thought to require metabolic activation to the ultimate carcinogenic species (Table 1Table-1Table
4). Fourteen carcinogens, including one thought to act via primarily nongenotoxic modes of
action, were included in the prenatal multi-lifestage exposure studies. Eighteen carcinogens,
including two thought to act via primarily nongenotoxic modes of action, were included in the
postnatal multi-lifestage exposure studies. Five carcinogens were included in the juvenile multi-
lifestage exposure studies. The case study chemicals, DEN and ENU, are both genotoxic. ENU
is a direct acting alkylating agent, while DEN requires metabolic activation.
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Table 1. Carcinogens for which studies with multi-lifestage exposures_in animal studies are
available

Genotoxic carcinogens requiring metabolic activation

Benzidine

Benzo[a]pyrene

Dibutylnitrosamine

Diethylnitrosamine (DEN)
7,12-Dimethylbenz[a]anthracene (DMBA)
Dimethylnitrosamine (DMN)
Di-n-propylnitrosamine (DPN)

1 -Ethyl-nitrosobiuret
2-Hydroxypropylnitrosamine
3-Hydroxyxanthine

3-Methylcholanthrene (3-MC) -
4-(Methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK)
Safrole

Urethane

Vinyl chloride

Genotoxic carcinogens not requiring metabolic activation

Butylnitrosourea
1,2-Dimethylhydrazine
Ethylnitrosourea (ENU)
Methylnitrosourea (MNU)
f3-Propiolactone

Nongenotoxic carcinogens

1,1-Bis(p-chlorophenol)-2,2,2-trichloroethane (DDT)
Diethylstilbestrol (DES)

2,3,7,8-Tetrachlorodibenzodioxin (TCDD)

Cancer Potency Estimation

Statistical methods were developed and used to analyze the data and derive measures of early-
life susceptibility. These are described in detail in Appendix J. In brief, a cancer potency (the
slope of the dose response curve) was developed for each of the experiments selected using the
linearized multistage model. This model was chosen because of widespread use in risk
assessment, and its flexibility in being able to fit many different data sets needed to evaluate the
effect of lifestage-at-exposure on cancer potency. The dose metric used for the potency analyses
is cumulative dose normalized to body weight. The cancer potency is thus expressed as the
increase in tumor probability with increasing cumulative dose in units of mg/kg body weight.
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To take into account uncertainty in potency estimation, cancer potencies are depicted by a
statistical distribution, rather than by a single, fixed value, using methods described in Appendix
J. While these methods have typically been used to obtain and report the 95™ percentile of the
cancer slope parameter for cancer risk assessment purposes, here OEHHA utilized the full
distribution of the cancer slope parameter to derive measures of early-life susceptibility to
carcinogens. This was done to systematically take into account uncertainty in the analysis.

For experiments where treatment related tumors were observed at multiple sites or at the same
site but arising from different cell types, slopes from these sites were statistically combined by
summing across the potency distributions (assuming independence across the sites that were
observed) to create an overall multisite cancer potency. It is not uncommon that a carcinogen
causes more than one type of cancer or causes tumors at different sites depending on lifestage at
exposure. For example, in humans tobacco smoke causes cancers of the lung, bladder, and
certain other organs. This multi-site carcinogenicity is frequently observed in animal
experiments as well. In order to account for this, all treatment-related tumors that were observed
in a given lifestage were taken into account in estimating cancer potency from that particular
experiment.

Addressing Early-Age Sensitivity in Estimating Cancer Risk: Age Sensitivity Factors
Inherent Sensitivity of Lifestages — Lifestage Potency Ratios

For this analysis, OEHHA calculates the ratio of cancer potency derived from an early lifestage
exposure experiment(s) to that derived from an experiment(s) conducted in adult animals.
OEHHA used the potency distributions for the individual lifestage exposures, rather than a point
estimate, to derive the ratios. The lifestage cancer potency ratio is then described as a distribution
and one can select specific percentiles from the distribution to better understand and bound the
uncertainty (Figure 5). Of particular importance is the location of the ratio distribution in
relation to the reference value of 1.0, which would mean no difference in risk from exposures at
early versus adult lifestages. A lifestage cancer potency ratio distribution that primarily lies
above the value of 1.0 indicates early life exposures to a carcinogen result in a stronger tumor
response relative to adult exposure. Conversely, a lifestage cancer potency ratio distribution that
mainly lies below the value of 1.0 indicates early life exposure to a carcinogen results in a
weaker tumor response relative to adult exposure.

A lifestage potency (LP) ratio distribution was derived for each multi-lifestage study, resulting in
22 prenatal ratio distributions representing 14 unique carcinogens, 55 postnatal LP ratio
distributions representing 18 unique carcinogens, and seven juvenile LP ratio distributions
representing five unique carcinogens. The LP ratio distributions for a given early lifestage were
combined into a single “LP ratio mixture distribution,” in order to show the range of
susceptibilities of that lifestage to the carcinogens studied.

LP ratio mixture distributions for a given early lifestage were developed by (1) obtaining a single
LP ratio distribution for each chemical (when a chemical is represented by more than one study)
and then (2) equally sampling across all chemicals. When a chemical is represented by more
than one study, then the LP ratio distributions from all studies of that chemical were combined
by equally sampling from each LP ratio distribution via Monte Carlo methods to obtain a single

40



TSD for Cancer Potency Factors: SRP Draft December2008April 2009

LP ratio distribution for that chemical. (Appendix J describes this in more detail, as well as a
sensitivity analysis that included two alternative sampling methods.) Once each chemical is
represented by a single LP ratio distribution, then the LP ratio mixture distribution for each early
lifestage (prenatal, postnatal, and juvenile) is obtained by equally sampling across all of the
chemicals via Monte Carlo methods.

Figure 5. Lifestage Potency Ratio (LPR) distribution.
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Effect of longer time period for cancer to manifest

The LP ratios described above characterize the inherent susceptibility of early lifestages to
carcinogen exposure, by comparing potencies for individuals followed for similar periods of time
and similarly exposed, but exposed during different lifestages. Age-specific adjustments to the
cancer potency must also take into account the longer period of time that carcinogen exposure to
the young has to manifest as cancer. Empirical data from studies of both humans and animals
demonstrate that, for many cancers, cancer risk increases with age, or time since first exposure.
While some cancers have been seen to increase by as much as the sixth power of age, a general
approach taken for example by the National Toxicology Program in analyzing tumor incidences
in its chronic bioassays is to assume that cancer risk increases by the third power of age. Thus,
consistent with the approach used by the NTP in analyzing rodent cancer bioassay data, the
longer period of time that exposed young have to develop tumors is addressed by taking into
account time-of-dosing. This was done by multiplying the LP ratio by a time-of-dosing factor, to
yield an age sensitivity factor (ASF). Specifically, the prenatal LP ratio is multiplied by a factor
of 3.0, the postnatal LP ratio is multiplied by a factor of 2.9, and the juvenile LP ratio is
multiplied by 2.7. Thus, ASFs were developed for each experiment, by first calculating the LP
ratio to address inherent susceptibility of early lifestages relative to adults, and then accounting
for the effect of years available to manifest a tumor following carcinogen exposure. (see Figure
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6). Note that we are not using the term “sensitivity” in the immunologic sense (e.g..

sensitization), but rather are using the term more generically.

Figure 6. Issues addressed by the Age-Sensitivity Factor (ASF)
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Application of this approach for risk associated with lifetime exposures would include an ASF of
less than 1 for exposures during the latter part of adult life for carcinogens that act on early
stages. Therefore, the addition of this adjustment to the younger lifestages but not to the later
part of the adult period could overestimate the risk of whole-life exposures. On the other hand,
the 70 year “lifetime” used in estimating lifetime cancer risk does not reflect the longer lifespan
of the U.S. population. Further, as noted above, the animal bioassays on which potency was
based typically exclude pre-weaning dosing and sacrifice animals during their late middle-age.
Use of cancer potencies calculated from standard assays can therefore understate lifetime cancer
risk. The ASF calculated for carcinogens includes both inherent sensitivity of developing
animals and the available time since exposure to develop cancer.

Results of OEHHA Analysis

The analyses indicate that both the prenatal and postnatal lifestages can be, but are not always,
much more susceptible to developing cancer than the adult lifestage. The analyses also indicated
that the ASFs for these age windows vary by chemical, gender and species.

Regarding prenatal lifestage exposure, few cases were indicative of equal inherent adult and
prenatal susceptibility, with an LP ratio of unity. The LP ratio distribution was roughly bimodal,
with LP ratios for several studies significantly greater than unity and several others significantly
less than unity. Figure 7 below shows the ASFs from each of the prenatal multi-lifestage
exposure studies, displayed as a cumulative frequency profile. The median of the prenatal ASF
mixture distribution was 2.9 (see also Table 6 in Appendix J),

The modality in the prenatal LP ratio distribution was reflected in the DEN and ENU case
studies, with results for DEN suggesting inherently less sensitivity than older animals from
exposure in utero, and for ENU just the opposite. For the DEN and ENU case studies, the
referent groups were juvenile rather than adult animals, and the results may have underestimated
the LP ratio and ASF, to the extent that some of the apparent sensitivity for DEN and ENU in the
prenatal period carries through to the juvenile period. ENU is a direct acting carcinogen that
does not require metabolic activation, whereas DEN can not be metabolized to any significant
extent by fetal tissues until relatively late in gestation. This may explain the lower fetal
susceptibility of DEN. However, prenatal metabolic status is not the sole determinant of prenatal
susceptibility; e.g., benzidine and safrole require metabolic activation and exhibit greater
- susceptibility from prenatal exposure.

The median of the postnatal ASF mixture distribution was 13.5 (see Table 7 in Appendix J).
Figure 8 below shows the ASFs from each of the postnatal multi-lifestage exposure studies,
displayed as a cumulative frequency profile. Thus, for the chemicals studied, there was
generally greater susceptibility to carcinogens during the early postnatal compared to the adult
period, particularly when the ASF accounts for the longer period cancer has to manifest when
exposure occurs early in life. The DEN and ENU case studies also exhibited substantial extra
susceptibility during the postnatal period. To summarize, for most of the carcinogens studied
here, animals are inherently more sensitive in the postnatal period, as indicated by Figure 8.
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Figure 7. Prenatal ASF Cumulative Frequency Profile
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The median of the prenatal ASF mixture distribution was 2.9 (see also Table 6 in Appendix J).

References are given in the legend on the next page
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