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Ed Avol Testimony on Locomotives 

For Letter Regarding Proposed Locomotive Action at the United States Environmental 
Protection Agency. 

1. Please introduce yourself.

My name is Edward (Ed) Avol. I am currently employed as a Professor of Clinical Population 
and Public Health Sciences and the Division Chief of Environmental Health in the Department of 
Population and Public Health Sciences (formerly the Department of Preventive Medicine) at the 
Keck School of Medicine at the University of Southern California (USC).  

I have been a Faculty member at USC for almost 30 years. My areas of expertise are exposure 
assessment and health impacts in humans, especially among children. I have been involved in 
National Institutes of Health (NIH) and competitively-funded research since the mid-1970s, and 
I have authored or co-authored roughly 150 peer-reviewed publications on airborne 
contaminants, their chemical and physical characterization, and on the short- and long-term 
health effects of those ambient chemical pollutants. I have served on several US EPA expert 
panels to assist the Clean Air Science Advisory Committee (CASAC) in their mandated reviews 
for oxides of nitrogen, oxides of sulfur, particulate matter, and ozone. 

During my time at USC, I have developed and currently lead the undergraduate Environmental 
Health Teaching Track in the Health Promotion and Disease Prevention program. I have taught 
hundreds of students per year about environmental health, equity, exposure, and risk, as well as 
about environmental health policy and climate change. I am a Co-Principal Investigator on an 
NIH training grant (EH MATTERS) to teach undergraduate students of diverse backgrounds and 
social disparities about the environment so that they can help to change those disproportionate 
exposure disparities. I also serve as co-Director of a Exposure Factors Core within a NIH-funded 
P30 Center to provide access and support for investigators to tools needed to improve their 
respective research efforts. 

In recognition of my career efforts, I was awarded the 2017 Constance Mehlman Award from the 
International Society of Exposure Science (ISES) for helping to shape National or State policy 
with exposure analysis leading to a reduction or prevention of human exposure. 

My comments will focus on the issues of the health impacts of exposure to airborne 
contaminants (often described as “air pollution”), the chemical/physical/toxicological attributes 
of those pollutants and pollution by-products, and the intersection of these environmental health 
issues with locomotive operations in or near communities, especially communities of color. 
Understanding these issues is important because outdoor air pollution continues to affect the 
health of millions of people in ways that impact their daily and long-term health, their quality of 
life, and how long they live. Air pollution is a societal health and quality-of-life issue that we can 
do something about, and there are reasonable and feasible alternatives available to reduce 
pollution emissions. This is especially important in communities already stressed by socio-
economic and environmental issues that lead to disproportionately-impacted communities. As I 
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will discuss in my declaration, reducing pollution emissions can have real and substantial effects 
on human health. 

 
2. Have you submitted testimony to the U.S. EPA before? 

I have not previously formally submitted written testimony to EPA, but I have participated as an 
expert in several previous panels and thereby provided input, advice, and recommendations. I 
have previously served on a number of CASAC (Clean Air Science Advisory Committee) review 
panels for assorted NAAQS (National Ambient Air Quality Standards), including the cycles for 
NOx (nitrogen oxides) and SOx (sulfur oxides) in 2009 and 2014, for PM (Particle Matter) in 
2014, and for O3 (ozone) in 2014. 

Air Pollution Summary. 

3. Who is most at risk from exposure to air pollution? 

Exposure to air pollution is one of the leading risk factors for worldwide deaths, according to 
recent Global Burden of Disease estimates (REF1). The determination of precisely who is 
“most” at risk from exposure to air pollution may be debatable, but it is undeniable that those 
“most” at risk share at least two commonalities – excessive exposure and increased 
susceptibility. Historically, those most susceptible have included the young, the old, the ill, and 
pregnant mothers (to protect fetal development). As our understanding of exposure and risk has 
improved, other population segments have also been identified as being at increased risk by 
virtue of their residential, activity, or work locations. Those who live, work, or play near busy 
roadways have been shown to be at increased risk, due to heightened exposures associated with 
close proximity to direct pollution emissions. Those who regularly exercise near elevated 
exposure sources (for example, in recreational green spaces near busy roads, on playing fields 
alongside freeways, or along roadways during times of traffic congestion) have been shown to be 
at increased risk for a wide range of negative health effects. Workers who spend extended 
periods of time outdoors, at high breathing rates (due to heavy physical labor), are also 
considered to be at increased risk from air pollution. Additionally, there is a substantial segment 
of the population who may be genetically pre-disposed to air pollution sensitivity by virtue of the 
presence or absence of certain inheritable traits (REF2). Because their options for reducing 
personal exposure are few, those who live in under-served or low-socio-economic-status (SES) 
or disadvantaged communities (DACs) tend to be at increased risk. Often, these communities are 
close to or interspersed with industrial, manufacturing, or mixed-use zoning activities that may 
lower property values compared to other neighborhoods. Since financial resources in DACs are 
more limited, DACs residents lack the potential for relocating or seeking substantive remediation 
if something in the neighborhood is concerning to their health or welfare. They may lack 
political power to contest questionable living or working conditions, and typically cannot afford 
legal counsel or representation to challenge authority. For all these reasons DACs, which are 
often communities of color, are included among those “most at risk” for exposure to air 
pollution. 
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4. What is ground-level ozone? 

Ground-level ozone is a clear and colorless gas present in the troposphere. The troposphere is the 
lowest level of Earth’s atmosphere and is closest to where we live and breathe - hence the term 
“ground level”. At the highest reaches of our atmosphere, ozone is very important as a protective 
filter to shield the Earth from incoming ultra-violet radiation from the sun. At ground level 
however, ozone is considered an air contaminant with substantial negative health, vegetation, 
material, and aesthetic effects (REF3).  The chemical formula for ozone is O3, which connotes 
the fact that an ozone molecule is made up of three oxygen atoms chemically bound together. 
Ozone is one of six specifically identified air pollutants named under the United States (U.S.) 
Clean Air Act, in which there are specified Federal Standards (National Ambient Air Quality 
Standards, or “NAAQS”) established to protect the public health. 

 
5. How is ozone formed? 

Ozone is formed through a complex series of chemical reactions in the atmosphere, driven by the 
photochemical energy provided in sunlight through ultraviolet radiation. Ozone is a “secondary” 
pollutant, meaning it is not directly emitted from any tailpipe, smokestack, or direct emissions. It 
is the result of chemical reactions that take place in the outdoor air during long days of intense 
sunlight (primarily during daylight hours) between directly-emitted gases (known as “primary” 
pollutants) from both anthropogenic (“man-made”) and naturally-occurring processes. Man-
made emissions of primary pollutants include direct emissions of nitrogen oxides from 
incomplete combustion processes (such as vehicle exhaust), volatile organic compounds (also 
known as VOCs, from carbon-containing gases and vapors such as fossil fuels and solvents), and 
carbon monoxide (REF3). Naturally-occurring emissions sources include vegetation, burning 
biomass (such as from controlled burns or wildfires), and lightning (REF3).  

Incomplete combustion of fossil fuels (be it gasoline, diesel, natural gas, coal, or biomass) results 
in airborne emissions. These include nitrogen oxides, VOCs, carbon monoxide, and particles that 
are important in chemical reactions that lead to the formation of ozone. In most urban areas, 
emissions associated with assorted combustion processes, especially vehicle emissions, are of 
paramount importance in ambient photochemical ozone production. Ozone levels tend to be 
higher away from busy roads and immediate sources of nitrogen oxides. This is due to shifts in 
chemical reactions due to competition for certain chemical species present in limited amounts in 
the atmosphere.  

It is often the case that the highest observed ozone levels will be downwind of rather than in 
large metropolitan areas (in other words, some distance away from primary nitrogen oxides 
emissions). Meteorological and topological conditions (wind and temperature effects, as well as 
impacts by the presence of mountains or valleys) help to shape the flow and movement of gases 
and particles across regional areas. Because of this, areas downwind of large cities or emissions 
can often be impacted by plumes of pollution from communities many miles away. 
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6. What are the current state and federal ozone standards?  

Under the Federal Clean Air Act (Section 177), California has historically been granted waivers 
to set more restrictive air quality standards to address persistent and severe air pollution 
problems. Currently in California, there is both a one-hour and an eight-hour ozone standard. 
The one-hour California Ambient Air Quality Standard for ozone is 0.09 parts per million (90 
parts per billion), measured by ultra-violet photometry (REF4). The eight-hour California 
Ambient Air Quality Standard for ozone is 0.070 parts per million (70 parts per billion), 
measured by ultra-violet photometry (REF3). At the national (NAAQS) level, the one-hour 
ozone level was revoked in 1997 in favor of a more protective eight-hour standard (although 
regions are still required to attain the standard). The eight-hour NAAQS for ozone is 0.070 parts 
per million (70 parts per billion), measured by ultra-violet photometry. 

Under the U.S. Clean Air Act, Primary Standards are those set with an adequate margin of 
safety to protect the public health. Secondary Standards are those set to protect the public 
welfare from adverse effects. Welfare effects under the Clean Air Act include effects on soils, 
water, wildlife, vegetation, visibility, weather, climate, materials, economic values, and personal 
comfort and well-being (REF4). At the current time, there is only a primary California Ozone 
Standard in effect. At the Federal level, the National Primary and Secondary Ozone standards are 
the same. 

 
7. What are the health consequences of ozone pollution? 

As of July 11, 2021, there were over 5,248 peer-reviewed publications identified on a PubMed 
web search of the health effects of ozone. (PubMed is a computer search resource developed and 
maintained by the National Center for Biotechnology Information at the National Institutes of 
Health).  

Under the Federal Clean Air Act, the USEPA is required to review the latest science and 
information available regarding the NAAQS pollutants every five years and make a 
determination as to whether the respective NAAQS for each pollutant is protective of the public 
health with “an adequate margin of safety” in the judgement of the EPA Administrator (REF3). 
The data that serve as the basis for those judgements are summarized in pollutant-specific 
“Integrated Scientific Assessment” (ISA) documents posted by the EPA on a NAAQS-focused 
website accessible to the public. Due to the volume of data available regarding the health impacts 
(both short and long-term) of ozone, several dozen summary tables regarding the health impacts 
of ozone exposure are presented in the current ozone document (REF3). For summary purposes, 
I provide one table from the most recent ozone review document (REF3) (see Table 1), which 
identifies the various organ systems of targeted health concern (demonstrating the breadth of 
ozone’s effect on human health), as well as the level of confidence in assigning those effects to 
ozone exposure in the two most recent NAAQS reviews.  

Summary determinations are provided for both short-term exposures (on the order of minutes, 
hours, or days) and long-term (over the course of months or years).  Short-term health effects 
have been documented for respiratory, cardiovascular (heart-and-circulatory related), metabolic 
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(glucose and insulin regulation, changes in inflammatory or liver bio-markers indicating some 
disruption of typical cell function), total mortality (death), and central nervous system (brain and 
motor function) endpoints. Long-term health effects have been documented for respiratory, 
cardiovascular (heart-and-circulatory related), metabolic (glucose and insulin regulation, changes 
in inflammatory or liver bio-markers indicating some disruption of typical cell function, total 
mortality (death), reproductive (including fertility, reproduction, and birth outcomes), central 
nervous system (brain and motor function), and cancer outcomes.  

For each of these health endpoints, the USEPA documentation provides some judgment 
regarding the strength of evidence for a specific health outcome (REF3). Respiratory effects 
cover a wide range of outcomes, including increased airway inflammation, airway hyper-
responsiveness, lowered lung function, increased symptoms, increased asthma medication usage, 
increased hospital admissions for asthma and chronic obstructive pulmonary disease (COPD), 
the development of new disease (asthma), and death (REF3). Cardiovascular outcomes include 
hypertension (high blood pressure), arrhythmias, myocardial infarctions (heart attacks), and 
increased emergency room visits or hospital admissions, and death (REF3). Metabolic effects 
include changes in assorted biomarkers reflecting a shift from routine biologic function that 
could lead to inflammatory responses, dysregulation, and metabolic-related macro-diseases such 
as diabetes, fatty liver disease, or obesity. Central nervous system effects include effects on 
short-term and long-term memory, sleep patterns, and behavior (REF3).  
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Table 1: Summary of Causality determinations by exposure duration and health outcome for 
ozone exposures (Table ES-1 from EPA ISA for Ozone, listed as REF3) 

 
 

8. What is fine particulate matter (PM2.5)? 

Particulate matter can be thought of as being very small pieces of dirt or droplets floating around 
in the air. Particles exist in a very wide range of sizes, from those barely visible (such as grains 
of sand or wind-blown dust) to those on the sub-microscopic or molecular level. Fine Particle 
Matter is the designation for particles with a nominal particle diameter of 2.5 microns (two-and-
a-half millionths of a meter) or less, herein referred to as PM2.5. This working definition of an air 
pollutant by physical size is an acknowledgement that particles can come from many different 
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sources, be made of many different chemicals, and have different weight, shape, surface 
roughness and area, as well as different toxicological properties. 

 
9. How is PM2.5 formed? 

In the atmosphere, PM2.5  is the result of so-called “primary” or “secondary” emissions. 
Emissions occur as the result of incomplete combustion [burning or heating of some fuel or 
substance], by-product release [venting or removal of some chemical or chemicals), re-
intrainment (“kicking up” of some deposited material back into the air), or through chemical 
reactions in the atmosphere. These releases can lead to new particle formation or particle growth 
from very small particles – called ultra-fines – up into larger size ranges, such as PM2.5 or larger. 
A summary of the formation, composition, and sources of ambient PM is summarized in Table 2 
below. 

Direct emissions arise from either natural or man-made (anthropogenic) sources. Natural sources 
include wind-blown dust, atmospheric photochemistry (chemical reactions that take place in the 
open air), sea-spray aerosol, volcanic emissions, and vegetative burning. Man-made sources 
include vehicle emissions, boiler operations, power-plant or industrial emissions, and any 
abrasion, grinding, or frictional-force (like braking) operations (REF5). In the atmosphere, gases 
can also chemically react with each other to create new small particles or condense or react on 
pre-existing smaller particles that can then “grow” into larger particles by accumulation of 
material (REF5). The sources present in a given region (such as vehicle traffic, vegetation, and 
industrial operations), the gases present in the air (such as nitrogen or sulfur oxides, oxygen, 
volatile organics, and solvents), the meteorology of the area (including wind, heat, and the 
amount of atmospheric mixing) and the topology of the region (the presence of bodies of water 
or open land, tall mountains, deep canyons, or broad valleys) all affect the extent to which 
particles can and will form, collect, or be trapped in a given geographic location.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

8 
 

Table 2: Particle Formation, composition, and sources (Table 2-2 in EPA ISA for PM, listed as 
REF 5) 
 

 

10. What are the current state and federal PM2.5 standards? 

The California ambient air quality standard and NAAQS for PM2.5 are based on an annual 
arithmetic mean (or what we commonly describe as the “average” or mean value) of micrograms 
of PM2.5 per cubic meter of air volume (ug/m3). The annual arithmetic mean California ambient 
air quality standard for PM2.5 is 12 ug/m3, measured by gravimetric or beta-attenuation methods 
(REF4). There currently is no 24-hour average California ambient air quality standard for PM2.5. 

As previously stated, under the U.S. Clean Air Act, Primary Standards are those set with an 
adequate margin of safety to protect the public health. Secondary Standards are those set to 
protect the public welfare from adverse effects. Welfare effects under the Clean Air Act include 
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effects on soils, water, wildlife, vegetation, visibility, weather, climate, materials, economic 
values, and personal comfort and well-being (REF4). The current 24-hour average NAAQS for 
PM2.5 is 35 ug/m3 (with both primary and secondary standards being the same) (REF4). The 
current annual arithmetic mean NAAQS for PM2.5 is 12 ug/m3 for the primary NAAQS, and 15 
ug/m3 for the secondary NAAQS (REF4).  

 
11. What are the health consequences of exposure to PM2.5? 

As of 14 July 2021, there were 3,165 peer-reviewed publications identified during a PubMed 
web search on the topic of health effects of PM2.5.  

A summary of the known science regarding the health effects of PM2.5 was provided in the 
USEPA Integrated Science Assessment for Particulate Matter, which was issued as a final report 
dated December 2019 (REF5). A broad array of health consequences associated with ambient 
PM2.5 exposures were reported, including cardiovascular (heart and circulatory-system related), 
respiratory, and death (REF5). Long-term exposures have been associated with cardiovascular, 
respiratory, mortality, reproductive/developmental, and cancer/mutagenicity/genotoxicity 
endpoints (REF5). More recent data has provided evidence of the association between long-term 
PM2.5 exposures and a variety of nervous system effects, including neurodegeneration, cognitive 
decrements, Alzheimer’s, autism spectrum disorder, and dementia (REF 6-8). In 2013, the 
International Agency for Research on Cancer listed outdoor air pollution, especially PM, as a 
human carcinogen, based on the review of over 1,000 research articles.  

 
12. What is diesel exhaust? 

Diesel exhaust is a combination of gases and particles that are produced during incomplete 
combustion of diesel fuel. (It should be noted that all engine combustion processes are less than 
100% efficient, so any combustion process leads to incomplete combustion and potential release 
of particles). Most of the particles associated with diesel exhaust are characteristically very small 
in diameter.  More than 90% of diesel exhaust particles are less than 1 micron in diameter, or 
one-millionth of a meter [REF9,10), with most of these less than 0.1 micron, or one-tenth of one-
millionth of a meter, in a size range known as ultra-fine particles. The particles themselves are 
composed of a solid elemental carbon core, with the surface of the particle coated with organic 
carbon compounds and other chemicals. The gases emitted in diesel exhaust include thousands of 
different chemicals, and several air pollutants of health and regulatory concern. Some of these 
include acetaldehyde, acrolein, benzene, 1,3-butadiene, formaldehyde, and an assortment of 
gases collectively known as polycyclic aromatic hydrocarbons (PAHs) (REF10).   

Diesel engines, by nature of their operation, also emit a substantial amount of carbon monoxide 
and nitrogen oxides along with the other gases and particles (REF10). The reduction of nitrogen 
oxides and particles emissions are especially challenging, as manufacturers seek to optimize 
engine operating and vehicle performance conditions to minimize particle soot formation (which 
occurs at lower engine combustion temperatures) and nitrogen oxides production (which occurs 
at higher engine combustion chamber temperatures) (REF10). 
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13. How is diesel exhaust formed? 

Diesel exhaust is formed during and after the combustion process that takes place within a 
functioning diesel engine. Diesels operate by mixing fuel and air in the combustion 
compartment, and then compressing the mixture under high pressure. The high pressure leads to 
high temperature, which causes the fuel mixture to spontaneously ignite. The chemical energy of 
this explosion is then converted into mechanical energy, turning the engine and moving the 
vehicle. However, there are many variables that affect this activity, including air-fuel ratio, 
combustion chamber turbulence, air-fuel concentration, and combustion temperature, so 
incomplete combustion occurs, and variations in diesel exhaust occur (REF11). The gases and 
particles are exhausted from the engine and react with each other as well as with other gases and 
particles in the air. 

 
14. What are the health consequences of exposure to diesel exhaust? 

Diesel exhaust has been identified as a Toxic Air Contaminant by the State of California (in 
1998) and as a known human carcinogen by the International Agency for Research on Cancer 
(IARC) in 2012 (REF9,12). These determinations have been made based upon numerous 
published health studies, especially those involving long-term occupational exposure in the 
railroad, mining, and trucking industries. 

Diesel particles are just one of the many kinds of particles present in PM2.5, so many of the 
negative health outcomes associated with generic PM2.5 have also been ascribed to diesel 
exhaust. Diesel exhaust in and of itself has also been identified with many health effects. These 
include cardiovascular effects (arrhythmia, heart rate variability, blood pressure changes, 
systemic inflammation, thrombosis, myocardial infarction, and death), respiratory effects 
(pulmonary function, allergic responses), central nervous system effects, 
reproductive/developmental/prenatal/neonatal outcomes, immune system, mutagenic, and 
genotoxic effects (REF13,14). 

In addition to the particle component, several of the gases associated with diesel exhaust 
(nitrogen oxides, PAHs, benzene, and 1,3 butadiene) have also been associated with negative 
health outcomes. Nevertheless, the focus of health concern has generally been on the particle 
phase, since diesel particles contain both a solid carbon core and adsorbed gases on its surface. 
At the current time, there are no state or national air quality standards for diesel particulate 
matter or diesel exhaust. 

 
15. How is diesel particulate matter (diesel PM) different from PM2.5? 

Diesel PM is a subset of PM2.5. PM2.5 is a class of pollutants defined by their physical size, and 
diesel PM is one of many types of PM pollution that falls within that physical size category. 
However, diesel PM contains many known carcinogens and has been specifically identified as a 
known human carcinogen. There are many other contributors to the PM2.5 category, including 
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fossil fuel combustion, fugitive dust from paved and unpaved roads and fields, prescribed or 
inadvertent burning, mobile source exhaust from fuels other than diesel, bioaerosols (portions of 
pollen, plant and insect fragments), and secondary formation of particles in the atmosphere 
through photochemistry (REF5). 

 
16. What are ultrafine particles, and how are they formed? 

Ultrafine particles are a special segment of the overall particle size spectrum and comprise very 
small particles whose mean diameters are less than 0.1 micron (or one-tenth of one-millionth of a 
meter). These particles are so small that they behave like gases, moving along with the airstream. 
They are so small that they can stay suspended in air for long periods of time because they have 
very little mass and are not substantively affected by gravity. They are not easily captured by 
general filter technologies in widespread use, and they have very large surface areas for their 
relative size. Their large surface area makes them important in ambient air photochemistry 
because they provide lots of common space for chemicals to interact. Ultra-fine particles are 
considered to be quite chemically reactive and can readily be found downwind of urban sources 
such as vehicle traffic on or near busy roadways (REF15), or near the exhaust coming from 
refineries or smokestacks. Ultra-fine particles can react with gasses in the air or with other 
particles, to “grow” into a larger size range, becoming particles in the PM2.5 mode.  They can 
vary quite dramatically from location to location, and are often quite high in concentration close 
to their source, decreasing dramatically in concentration within a few hundred meters. Ultra-fine 
particles are generally formed from combustion processes (i.e., the burning of wood, biomass, or 
fossil fuels such as coal, gasoline, or diesel oil), from condensation of gases, and as a result of 
ambient photochemistry (REF5,15). 

 
17. What are the health consequences of exposure to ultrafine particles? 

The health consequences of exposure to ultrafine particles are an increasingly active area of 
research. Their extremely small size and dynamic behavior make ultra-fine particles both 
interesting to study and potentially concerning. Because of their small size, they can cross the 
air-blood barrier in the lung and enter the bloodstream. Once in the circulatory system, they can 
travel to virtually any organ system in the body, and even find their way into cell mitochondria. 
There, disruption of normal cell function can occur, leading to inflammation, up or down-
regulation of enzymes and endocrine function, and the triggering of a pathway of stress and 
functional changes in cellular systems. Ultra-fine particles have also been documented to enter 
the body through the nasal olfactory bulb, and travel directly to the brain, raising concerns 
regarding central nervous system and executive motor function processes (REF5,16,17). 
Ultrafine particles have also been linked to negative cardiovascular health outcomes (REF5) and 
in fetal development (REF18). At the current time, there are no state standards or NAAQS for 
ultrafine particles. 
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18. What is nitrogen dioxide (NO2)? 

Nitrogen dioxide (NO2) is a common air pollutant most frequently associated with the 
incomplete combustion of fossil fuels (such as coal, oil, natural gas, gasoline, diesel, or biomass) 
and subsequent chemical oxidation in the atmosphere. 

 

19. How is NO2 formed? 

Whenever combustion takes place (for example, burning of wood for heating; use of gasoline or 
diesel fuels in motor vehicles, locomotives, or ships for transportation or goods movement; fossil 
fuels in power plants or industrial boilers for energy production), oxygen and nitrogen combine 
at high temperature in a chemical reaction to form nitric oxide (NO), which quickly reacts with 
additional oxygen in the atmosphere to form nitrogen dioxide (NO2). With continued chemical 
reactions and energy from sunlight (ultra-violet radiation), the nitrogen species can go on to form 
other gases and particles (the particles constituting a group known as particulate nitrates, which 
are a subset of PM2.5). Nitrogen oxides are important in terms of their own health impacts, but 
they also are involved in a series of chemical reactions that can lead to formation of ozone in the 
atmosphere or to a re-adjustment in the equilibrium concentration of ozone in the atmosphere. 
Accordingly, having accurate information about the airborne concentrations of NO2 and 
implementing effective strategies to reduce ambient NO2 are needed to not only effectively 
address ambient NO2 but also to reduce some of the important precursors that affect ozone and 
particulate matter formation in the atmosphere (REF2).  

 
20. What are the current state and federal NO2 standards? 

The current California Ambient Air Quality Standard for NO2 is in the form of a one-hour and an 
annual arithmetic mean. The one-hour California standard is 0.18 parts per million (equivalent to 
180 parts per billion), measured by gas-phase chemiluminescence (REF4). The annual arithmetic 
mean is 0.030 parts per million (equivalent to 30 parts per billion), measured by gas-phase 
chemiluminescence.  The federal primary standard is also in two forms, a one-hour value of 100 
parts per billion (which is equivalent to 0.100 parts per million), and an arithmetic annual mean 
value of 0.053 parts per million, or 53 parts per billion. For the NAAQS, the Federal Reference 
measurement method is also gas-phase chemiluminescence. 

 
21. What are the health consequences of NO2 pollution? 

Exposure to NO2 has been shown to affect several organ systems and lead to a variety of 
negative health outcomes. The evidence for respiratory effects is quite strong, and the 
relationship between NO2 and respiratory effects was determined to be “likely causal” in the 
2016 review of the health literature under the Clean Air Act NAAQS process (REF2). Exposure 
to NO2 has been linked to increases in risk of respiratory infections, symptoms, exacerbation of 
asthma, and development of asthma (REF2). Lowered lung function performance among 
children and increased risk for asthma exacerbation have also been repeatedly observed (REF2). 
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Although the mechanisms are not well-understood, there is evidence to suggest associations 
between NO2 exposure and cardiovascular effects, including myocardial infarctions (heart 
attacks) (REF2). Recent research also provides increasing evidence that NO2 exposures are 
associated with diabetes (REF2, 20). There is also data linking long-term air pollution NO2 
exposure with lung and breast cancer (REF20, 21). These conclusions are complicated by co-
exposures to other traffic-related pollutants, proximity to roadway, and racial sub-group 
differences, but do suggest that certain sub-groups in the general population are at increased risk. 

Health Impacts of Air Pollution from Locomotives and Railyards.  

22. There are three main types of diesel locomotives: switcher locomotives, line-haul 
locomotives, and passenger locomotives. Please describe how switcher locomotives 
operate, where they typically operate, and what communities they typically 
operate in. 

Switcher locomotives are a type of typically smaller locomotive engines primarily used to 
assemble and dis-assemble trains in a railyard (i.e., moving cars around – hence the term 
“switching”). (REF22) These operations are used to form longer trains for transport from one 
location to another. To perform the task at hand, switchers usually are low-powered but high-
torque configurations, to provide needed traction to move stationary heavy cars in the yard 
(REF23). Most of the time, switcher locomotives operate in idle (waiting to move cars, providing 
power for crew air conditioning or heating, maintaining air-brake pressure) (REF24) or in a low-
power setting (moving heavy rail cars from a stationary position to connect with other cars) 
(REF25), which has implications for local emissions. Occasionally, older line-haul locomotives 
may also be assigned switcher duties (REF26). Switcher locomotive use, by definition, is 
focused in railyard or intermodal transfer yard locations, but can also be used for local short-haul 
or transfer activities (REF23,26). As such, they typically operate in communities near railyards 
or regional intermodal transfer facilities. 

 
23. Please describe how line-haul locomotives operate, where they typically operate, 

and what communities they typically operate in. 

Line-haul locomotives refer to locomotives involved in the movement of freight over long 
distances on a portion of the company’s operating line, excluding any switching activities, pick-
up, or delivery (REF27). Much or the operational time for line-haul locomotives is therefore 
characterized by engine operation in high-power settings (REF25), which has implications for 
local emissions. Line-haul operations can occur over wide regional areas covering hundreds or 
thousands of miles, as the trains move from one area to another to transport goods. Air pollution, 
noise, vibration, local area blight, and public safety concerns have combined to make it less 
desirable to live immediately adjacent to operating rail lines in many regions of the country. 
Lower socioeconomic-status (SES) and/or more community populations of color are often found 
inhabiting neighborhoods transected by operating rail lines. Based on a recent viewing of 
CalEnviroscreen 4.0, a large portion of the Southern California neighborhoods transected by rail 
lines are disproportionately-exposed communities at higher cumulative health risk (REF28).   
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24. Please describe how passenger locomotives operate, where they typically operate, 

and what communities they typically operate in.  

Passenger locomotives refer to passenger-carrying trains. These are operated typically on many 
of the same company lines as freight (line-haul) locomotives, and they have higher-priority for 
line usage (REF29) and a set time schedule for travel. They operate in many configurations, from 
commuting for daily work to long-distance travel with sleeping and dining cars. They can be 
operated to maximize convenience or timeliness. To maximize convenience, they may schedule 
frequent stops at multiple stations along a prescribed route to accommodate passenger boarding 
and de-boarding, or they may arrange to operate in an “express” fashion and only stop at a few 
selected intermediate stations to minimize travel time length between two more distant locations. 

Passenger locomotives can operate inter-city or across regions, as a commuter train, light-rail 
system or more extended regional travel option. Because of this wide range of possible 
operational formats, passenger locomotives can be found in an equally wide range of 
communities. 

 
25. What are the air pollution issues with switcher locomotives? 

Because the use of switcher locomotives is generally confined to a specific yard or location for 
the purpose or assembling or disassembling trains for regional or national hauls, the emissions 
associated with switcher locomotives are primarily localized to the adjacent community. Because 
a large portion of a switcher locomotive’s operational time is spent idling in the yard, air 
pollution associated with excessive fuel consumption while idling (as well as noise-related 
issues) are key attributes of switcher locomotive usage and health concerns (REF30). 

Air contaminants of relevant regulatory health and pollution concerns include NOx and PM2.5, in 
addition to carbon monoxide (CO) and hydrocarbons (HC) (REF31). As previously described 
(see responses to Questions 11 through 21 above), there are both broader and more specific 
health concerns regarding exposures to NO2, PM2.5, and ultra-fine PM (PM smaller than 0.1 
microns diameter), with ultra-fines currently an unregulated class of pollutants but increasingly 
being associated with negative health outcomes. 

An important element of the “air pollution issues” discussion with locomotive engines in general 
and switcher locomotives in particular is the level of pollution control technology being applied 
to any given locomotive engine. This is typically identified by “Tier” category, which directly 
refers to emissions amounts but indirectly refers to different demonstrated air pollution control 
technologies (such as exhaust gas after-treatment, particulate filters, high-efficiency after-
treatment technologies, and so on). In practical terms, increasingly stringent Tier-level controls 
(From Tier 0 to Tier 4) reflect increased controls and decreased emissions. 

Examples of the extent to which switcher locomotive emissions play a role in air pollution issues 
is viewable in State of California data. California conducts regular emission inventories and 
estimates current and future emissions as a component of regulatory compliance with U.S. Clean 
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Air Act guidelines. Estimates of the statewide NOx and PM2.5 contributions from switcher 
locomotives are illustrated in the Figures 1 and 2 below, which illustrate successive year 
emissions for NOx and PM, respectively. 

Given the historic challenges of air quality in specific locations across California, switcher 
emissions by major air basin within California are also provided for comparison (see Figure 3 
below). 

As can be seen in Figure 3, switcher locomotive emissions in the South Coast Air Basin account 
for the major portion of statewide switcher emissions. To put this into geographical and 
population context, the South Coast Air Basin includes portions of Riverside, San Bernardino, 
Los Angeles, and Orange Counties, and is home to roughly half of California’s 39 million-plus 
population (REF33). 

Figure 1: Statewide Switcher NOx, tons per day by year and Tier level control (REF32)
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Figure 2: Statewide Switcher PM, tons per day by year and Tier level control (REF32) 

 

 

Figure 3: Air Basin Emissions Inventory Estimates for NOx and PM (tons per day by year and 
Tier level) by selected California air quality regions  
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26. What are the air pollution issues with railyard equipment? 

Air pollution sources associated with railyard equipment include a variety of railyard equipment. 
Operations within the railyard are focused on the assembly of trains, the movement of railcars, 
maintenance and repair, and the facilitation of loading, unloading, and transport of goods to 
assorted destinations. Potential sources of pollution within the railyard include locomotives (both 
switcher and long-haul), drayage trucks, cargo-handling equipment (such as cranes, yard 
hostlers, forklifts, yard trucks, and yard tractors), Transportation Refrigeration Units (both for 
trucks and railcars), and assorted miscellaneous equipment (such as refueling trucks) 
(REF34,35). Air pollution issues associated with these sources include airborne releases of 
nitrogen oxides, particulate matter of various sizes including diesel exhaust, various hydrocarbon 
and solvent emissions (sometimes denoted as Total Organic Gases or TOGs), and carbon 
monoxide. These pollutants are the result of incomplete combustion (fuel consumption), 
frictional forces (braking and frictional movement), and evaporative emissions. Although the 
primary focus is on diesel exhaust in most discussions of locomotive emissions, it should also be 
noted that some of the railyard equipment are gasoline-operated and therefore do provide some 
gasoline-related emissions as well (REF35). 

  
27. Describe the air quality near railyards. 

Air quality near railyards is a function of both regional and local emissions. The regional air 
quality provides a foundational base into which additional emissions are locally contributed. 
Both play a role in overall air quality and on health impacts to local and regional residents 
(REF36,37). For example, the Los Angeles-San Bernardino metropolitan region is one of several 
areas in the US in non-compliance with National Ambient Air Quality Standards (NAAQS) for 
ozone and PM2.5  (REF38). In addition to millions of on-road vehicles, two large seaports, and 
numerous local manufacturing operations, there are nine major railyards in Southern California 
(see Figure 4 below). Three of these railyards (one southeast of downtown Los Angeles, one 
within a few miles of the Ports of Los Angeles and Long Beach, and one near San Bernardino) 
operate at significant volume and emit a substantial amount of diesel exhaust into the 
surrounding community; see Table 3 below for railyard emissions comparison (REF39). The 
Hobart railyard near downtown Los Angeles is among the largest in the country (REF39). 
Accordingly, emissions from these operating facilities contribute to the unacceptable 
atmospheric conditions that residents are routinely exposed to, so efforts to reduce local 
emissions are of important to consider. 
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Figure 4: Major Class I Railyards in Southern California (from REF39) 

 
 

Table 3: Southern California railyard diesel exhaust emissions by source type (tons per year) and 
percent contribution, 2005 data (see REF39) 
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28. What are the health risks of exposure to air pollution from switcher locomotives? 

As previously explained, emissions from switcher locomotives, by virtue of their generally 
geographically-limited operation within railyards, will likely have an outsized impact on local air 
quality. Direct emissions of potential health concern from switch locomotive operations include 
NO2, PM2.5, diesel exhaust, ultrafine PM, and TOGs. Downwind health impacts from switcher 
locomotives are related to regional transport of TOGs and NO2 that can result in ozone and PM 
formation miles away from the location of initial emissions (REF2,3,5,36). The health impacts 
associated with exposure to these 

Are summarized above, in the responses to Questions 7 (ozone health effects), 11 (PM health 
effects), 14 (diesel exhaust health effects), 17 (ultra-fine PM health effects), and 21 (NO2 health 
effects). 

 
29. What are the health risks of exposure to air pollution from railyards? 

Health exposure risks from railyard air pollution are associated with exposure to the airborne 
contaminants caused by railyard operations and from auditory exposure to the noise from 
railyard operations. Air pollution-related concerns have been previously discussed and result 
from exposure to NO2, PM2.5, diesel exhaust, ultrafine PM, and TOGs. These contaminants affect 
the health of many organ systems in the body, including the respiratory (lungs), cardiovascular 
(heart), metabolic (liver, kidneys, digestive system), and neurologic (brain and central nervous) 
systems. Health impacts associated with persistent or periodic noise, such as that associated with 
railyard operations, have been the subject of increasing scrutiny (REF40-44), particularly for the 
observed effects among young children and pregnant mothers. Health consequences from noise 
and vibration include low birth weight, elevated blood pressure, cognitive interference, increased 
stress, and cardiovascular changes (REF44). 

 
30. Please describe the health risks of residing or working near a railyard, and who 

bears those risks. 

As described previously, living or working near a railyard places one in close proximity to local 
and direct exposures of NO2, PM2.5, diesel exhaust, ultrafine PM, TOGs, vibration and noise 
pollution. The health impacts of these may occur either in the short-term (hours to days) or long-
term (months to years) and can affect the respiratory, cardiovascular, metabolic, and neurologic 
systems of the body. Given the noise, commotion, space requirements, and around-the-clock 
operation of railyards, living near a railyard is frequently viewed as a less-than-desirable choice 
of residential location. On the basis of what is known about exposures and potential negative 
health outcomes, the California Air Resources Board has provided advisory recommendation in 
their Land Use Guidebook to “...avoid siting new sensitive and uses within 1,000 feet of a major 
service and maintenance rail yard...” (REF45). For those in lower socioeconomic strata with 
limited incomes, there is often limited flexibility in choice of residential location, regardless of 
health status or sensitivity. For these and other reasons, neighborhoods and communities adjacent 
to railyards tend to be inhabited by disproportionately by those with limited financial resources 
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and often by people of color. These population groups are often already dealing with several 
concurrent health, social, financial, and exposure issues, and they are the quintessential definition 
of a “sensitive” sub-group within the general population. 

 
31. What are the air pollution issues with line-haul locomotives? 

Line-haul locomotives are those that “...provide interstate freight transportation for containers, 
liquid material, or bulk material...” (REF46). In terms of airborne contaminants emitted and of 
potential exposure and health concern, the list is identical to that previously presented. These 
include both gases and particles - NO2, PM2.5, diesel exhaust, ultrafine PM, and TOGs.  

In the case of line-haul locomotives however, although improved pollution control systems have 
become available since 2015 (so-called TIER 4 locomotive engines), the predicted penetration of 
TIER 4 locomotives into the functional fleet has turned out to be far more optimistic than the 
actual rate. In California, for example, actual TIER 4 locomotive engine penetration rates have 
been less than 1% per year (compared to the 7% per year prediction) (REF46). Figure 5 shows 
the distribution of Tier locomotive engines in California and in the Los Angeles-San Bernardino 
regional pollution area (identified in the figure as “South Coast”, which refers to the regional air 
quality district in which Los Angeles and San Bernardino are located). As can be seen in the 
figures, roughly 6% or fewer of the line-haul locomotives in use are of TIER 4 level operation. 
Table 4 summarizes locomotive engine emission guidelines as a function of TIER level for NOx 
and PM. As can be readily interpreted from these table and figures, pollution emissions are 
considerably higher in the lower TIER locomotive engine categories, and these are the ones 
primarily in use in California. 

Figure 5: Percentage distribution of TIER locomotive engines in California and in the South 
Coast Air Basin (the Los Angeles-San Bernardino regional area) (See REF46). 
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Table 4: Line-Haul Emission Factors for NOx and PM10 in grams per brake horsepower-hour 
(g/bhp-hr), a unit of energy or work commonly used to describe heavy-duty engine emissions 
(SEE REF46) 

 
 
 

32. What are the health risks of exposure to air pollution from line-haul locomotives? 

Health risks from airborne exposures from line-haul locomotives differ somewhat in terms of 
proximity to the source but less so in terms of specific contaminants and their myriad organ 
impacts. Because line-haul locomotives are involved in the movement of cargo or goods over 
tens to hundreds of miles, the duration of proximal exposure (such as might be the case living or 
working near a railyard where switcher locomotives are largely confined to in-yard operations) is 
very different. Exposure to air pollution from line-haul locomotives has more of a regional 
component to it rather than local, but the cumulative effects can still be potentially significant. 
Long-haul locomotive operations emit both gases and particles - NO2, PM2.5, diesel exhaust, 
ultrafine PM, and TOGs – and the association of both acute and chronic exposures to these 
contaminants is diverse and increasingly well-documented (REF 1-3, 5-9, 12-21). 

 
33. What are the air pollution issues with passenger locomotives? 

Passenger locomotives provide a somewhat different set of environmental exposure conditions, 
due to proximity of operation and type of power system utilized. Passenger locomotives include 
community, inter-city, and interstate passenger line operations (REF32). In California, for 
example, this might vary from local use of electric catenary operations (such as LA METRO) to 
regional or state use of various TIER locomotives, such as those used by Metrolink, Pacific 
Surfliner, or Caltrain to provide inter-city connections across California (REF32). 

Diesel-powered passenger locomotives have been shown to expose passengers to higher levels of 
virtually every pollutant monitored – ultra-fine particles, NO2, PM2.5, black carbon, and 
benzo(a)pyrene (one of many organic gases and a known carcinogen) - compared to electric 
trains (REF47). It should be noted that there are air pollution issues associated with electric 
passenger locomotives (in other words, electric train operations do incur some exposure), 
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especially in the case of underground lines, which can lead to exposure of some transition metals 
of health concern (such as hexavalent chromium) (REF48). As a general overview, however, 
exposures (and health risks) associated with electric passenger locomotives are several times 
lower than those associated with diesel-powered locomotives. 

 
34. What are the health risks of exposure to air pollution from passenger locomotives? 

Since the specific pollutants emitted (NO2, PM2.5, diesel exhaust, ultrafine PM, and TOGs) from 
passenger locomotive operations (if they are diesel-powered) are essentially identical to those of 
line-haul locomotives, the regional health risks for those exposed are similar. For those on-board 
passengers or workers, there could be additional localized exposures of interest to polycyclic 
aromatic hydrocarbons (PAHs) and some transition metals, to elevated ultra-fine PM as well as 
to PM2.5 and NO2, if the train is powered by a diesel locomotive (REF 46,47). 

Health Impacts of Air Pollution from Locomotives and Railyards in San Bernardino 
County, California 

35. You have described health-based state and federal standards for air quality. Does 
the air quality in San Bernardino County, California meet these standards? 

San Bernardino County is located east of Los Angeles and includes virtually all the area from 
roughly 60 miles east of Los Angeles to the California-Nevada state line. It is the largest county 
in the United States (excluding Alaska) and is roughly the size of West Virginia (REF48). It 
includes a wide range of communities and geographies, from deserts to mountains to cities to 
rural areas. The county is physically located in two California air quality management districts – 
Mojave Valley (which covers much of the desert regions northeast of the Los Angeles 
metropolitan region) and South Coast (which includes parts of Los Angeles, Orange, Riverside, 
and San Bernardino counties). Most (but not all) of the San Bernardino County urban centers are 
located in the South Coast Air Quality Management District. Although there is a large 
concentration of manufacturing, industry, and warehousing activities in the San Bernardino 
region, it is also downwind of Los Angeles and connected to Los Angeles industrial and 
manufacturing by several freeways and railroad lines. Historically, air quality in the South Coast-
defined region of San Bernardino County has been moderate to poor, due to both local pollution 
generation and downwind impacts of regional photochemical pollution much of which is 
initiated in the Los Angeles region (REF50). Year after year, the South Coast region is identified 
as being among the poorest air quality regions in the country, in the annual “State of the Air” 
report by the American Lung Association (REF51). Currently, this region – including the 
western portions of San Bernardino County – are in violation of the National Ambient Air 
(NAAQS) and State of California Air Quality Standards for Ozone and PM2.5. 
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36. How does the air quality in San Bernardino County compare to the ozone 
standard? 

As described above, San Bernardino County covers a large geographical area and is overseen 
administratively by two different air quality management districts, Mojave Valley and South 
Coast. The current USEPA listing (as of June 30, 2021) of non-attainment areas for ozone lists 
San Bernardino County as being in “Severe-15 non-compliance” for the eight-hour ozone 
NAAQS (REF38). This means that area eight-hour ozone levels are in the range between 0.105 
and 0.111 parts per million (with the standard being a level not to exceed 0.070 parts per 
million). 

 
37. How does the air quality in San Bernardino County compare to the PM2.5 

standard? 

The current USEPA listing (as of June 30, 2021) of non-attainment areas for PM2.5 lists San 
Bernardino County as being in “severe non-attainment” for the PM2.5 (2012) NAAQS (REF38).  

 
38. How does the air quality in San Bernardino County compare to the NO2 

standard? 

Air quality in San Bernardino County for the NAAQS for NO2 is currently considered to be a 
“maintenance area (redesignated from non-attainment” (REF38). 

 
39. Describe the major air pollution issues in San Bernardino County.  

Major pollutants of concern in San Bernardino County include PM2.5, O3, and NO2, per their 
respective non-compliance or maintenance designations under the Clean Air Act. Ongoing 
concerns about warehouse expansions, cargo goods movement, and railyard activity has focused 
community interest on diesel exhaust and related health and environmental exposures.  

 
40. Please describe the health consequences of exposure to air pollution in San 

Bernardino County.  

The health consequences of exposure to air pollution in San Bernardino County Have been 
summarized above in discussions regarding specific pollutants – see responses to Questions 7 
(ozone health effects), 11 (PM health effects), 14 (diesel exhaust health effects), 17 (ultra-fine 
PM health effects), and 21 (NO2 health effects). 

 
41. How are these health burdens distributed in San Bernardino County? 

These health burdens are unequally distributed in San Bernardino County. They fall 
disproportionately on communities of color and lower socio-economic status, because these are 
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the populations who reside near railyards and rail lines. The residential disproportionality exists 
because housing is less expensive (and more affordable by these less-desirable living locations.   

 
42. Describe the socioeconomic status of the communities that are bearing the burden 

of air pollution in San Bernardino County.  

The socioeconomic status of communities bearing the burden of air pollution in San Bernardino 
County covers a broader range than first imagined, since poor regional air quality affects 
everyone. As previously noted (see responses to Questions 36 to 39 above), the urbanized region 
of San Bernardino County is in violation of the Clean Air Act (i.e., exceeds the outdoor air 
quality concentrations deemed safe to breathe) for ozone and PM2.5. For NO2, the region is 
currently in a “maintenance” mode- in other words, the observed outdoor concentrations of NO2 
meet recommended EPA guidelines, but objective demonstration that the observed levels can be 
maintained for several consecutive years is currently being evaluated. 

 
43. Please provide an assessment of the air pollution health impacts from operations 

at the Burlington Northern Santa Fe (BNSF) San Bernardino Railyard.  

Assessment of the air pollution health impacts at the BNSF San Bernardino Railyard involves a 
multi-dimensional approach that considers the emissions associated with railyard operations, the 
proximity of those exposed in the surrounding communities, and the cumulative pre-existing and 
ongoing environmental and health burdens already weighing on those communities.  

Under the 1998 Memo of Understanding (MOU) with the State of California, only limited 
emissions information is available to the public regarding specific current operating emissions 
and then only at the county level (REF52). Accordingly, emissions data provided by the railroads 
several years ago are used in a modeling projection facilitated through the California Emissions 
Projection Analysis Model known as “CEPAM” (REF 53,54). Recent residential, county, and 
census data can then be used to assess proximity of potentially exposed populations, and a 
broader understanding of the many environmental and health challenges already facing adjacent 
communities can be visualized using CalEnviroScreen, a geospatial visualization tool developed 
to identify California communities with disproportionate environmental health burdens (REF55). 

When these data sources are applied to operations at the BNSF San Bernardino Railyard, a 
concerning picture emerges. As described above (see responses to Questions 35 to 42), the San 
Bernardino area is a region of recurring poor air quality, and the substantial locomotive and 
related railyard operations emissions at the San Bernardino yard only exacerbate the issue for the 
residents there. A recent CalEnviroScreen figure (see Figure 6 below) summarizes the health 
hazards for area residents. 
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Figure 6: CalEnviroScreen 4.0 Visualization of San Bernardino CA area. 
 
As the Legend below the Figure shows, most of San Bernardino is in the highest (90 to 100th 
percentile, or most highly exposed) grouping of environmentally-impacted census tract areas in 
California; Note that the BNSF San Bernardino Railyard appears in the center of the figure, just 
to the left of the vertical black line that represents the 215 Freeway (FROM REF55).  
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It should be noted that the San Bernardino Railyard is among the top five railyards in California 
in terms of diesel particulate emissions in tons per year (REF 56). 

 
44. Please describe the health risks that the California Air Resources Board (CARB) 

found related to the BNSF San Bernardino Railyard in its 2008 Health Risk 
Assessment. 

In its 2008 Health Risk Assessment of the BNSF San Bernardino Railyard (REF56), the 
California Air Resources Board (CARB) considered both cancer and non-cancer risks associated 
with railyard operations. Cancer risks were calculated based on emissions inventory data and 
previously provided potency factors for various railyard emissions of known carcinogenic 
concern (for diesel particulate matter, 1-3 butadiene, benzene, formaldehyde, and acetaldehyde; 
the last four chemicals named are often combined and included in a catch-all category of “total 
organic gases”). In terms of cancer risk, CARB estimated that the BNSF San Bernardino 
Railyard posed an estimated cancer risk for the surrounding population of over 500 in a million 
at the railyard boundaries, declining to about 25 in a million about two miles away from the 
facility (see Figure 7).  At the Point of Maximum Impact (PMI), which is the location of the 
maximum cancer risk for a given receptor, the estimated cancer risk was about 3,300 chances in 
a million based on a 70-year lifetime exposure (REF56). 

Figure 7: Cancer risk associated with BNSF San Bernardino Railyard Operations.  
 
The black outline is the Railyard boundary, and the white curved lines around the railyard 
display the area of increased cancer risk at gradations as shown (100 chances in a million, 250, 
500, ...) (From REF56). 
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This increase in cancer risk is from the railyard operations specifically and do not include 
regional potential cancer risks. To compare the BNSF San Bernardino Railyard cancer risk 
contribution to the surrounding population and the regional background risk, and additional 
figure was included in the 2008 CARB Health Risk Assessment document and appears below as 
Figure 8. 

Figure 8: Comparison of Estimated Cancer Risks from the BNSF San Bernardino Railyard and 
regional background risk levels (from REF56). 

 
 

The non-cancer health risk estimates reported in the 2008 Health Risk Assessment of the BNSF 
San Bernardino Railyard are presented in terms of a “Health Hazard Index” (REF57). The 
reported values were from 0.5 to 0.3, depending on location (See Figure 9). Since these values 
are less than one, they indicate “... that the potential non-cancer public health risks are less likely 
to happen.” (REF56). However, the document also notes that there was a great deal of 
uncertainty associated with these non-cancer risk determinations, and the document suggests the 
focus be on diesel PM cancer risk as the predominant risk driver. As more recent assessments 
have shown, there are considerable health implications in the potential non-cancer public health 
risk category (REF58). These include increased risk for asthma-related emergency room visits 
for children and adults, increased cardiopulmonary mortality, and increased hospitalizations for 
cardiovascular and respiratory illness (REF58) 
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Figure 9: Estimated non-cancer health risks (Hazard Index) associated with operations at the 
BNSF San Bernardino Railyard. 

 
 

45. Please describe the health impacts from operations at the BNSF San Bernardino 
Railyard. 

Health impacts from operations at the BNSF San Bernardino railyard are summarized in the 
response to Question 44. 

 
46. Please describe the communities that are bearing these health impacts from 

operations at the BNSF San Bernardino Railyard.  

The demographics of San Bernardino CA reflect a susceptible community disproportionately 
exposed to multiple environmental burdens.  

As shown in Figure 6 above, the communities surrounding the BNSF San Bernardino Railyard 
are in the highest category of most disproportionately-exposed census tract areas in California. In 
addition to the direct emissions from the railyard, they face a number of other environmental and 
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health hazards that collectively place them in a very susceptible and at-risk category. Socio-
economic concerns (including education, access to health care, access to fresh fruit and 
vegetables, access to greenspace, issues of community violence, unemployment, employment “at 
a living wage”, limited political voice, and quality housing) all combine to put these 
communities at risk.  

From a demographic perspective, the percentage of African-American residents living in close 
proximity to the BNSF San Bernardino railyard was slightly higher (roughly 12% vs. 10%, 
respectively) than the corresponding percentage of African-American residents in San 
Bernardino County (REF59). The percentage of Latinx residents living in close proximity to the 
San Bernardino railyard compared to County estimates was dramatically higher (roughly 72% 
vs. 36%, respectively) (REF59). For the proportion of low-income households, the percentage of 
low-income households was dramatically higher in close proximity to the BNSF San Bernardino 
railyard (roughly 58%) compared to the corresponding percentage for San Bernardino County 
(roughly 34%) (REF59). These stark differences raise the issue of systematic environmental 
injustice in the communities bearing the health impacts of railyard operations. 

 
47. Please provide an assessment of the air pollution health impacts from operations 

at the BNSF Barstow Railyard. 

As summarized in the response to Question 43, an assessment of the air pollution health impacts 
from operations at the BNSF Barstow Railyard involves a multi-dimensional approach that 
considers the emissions associated with railyard operations, the proximity of those exposed in the 
surrounding communities, and the cumulative pre-existing and ongoing environmental and 
health burdens already weighing on those communities. 

The Barstow railyard is the major BNSF maintenance yard for California operations and the 
major California location for engine refueling and technical service of trains and locomotives 
(REF60). It is the highest emitter of diesel particulate emissions (in tons per year) of all 18 
railyards in California (REF59). The population of Barstow is approximately 23,000 people 
(REF61), so local emission impacts a smaller population than the San Bernardino railyard, for 
example, which is surrounded by almost ten times that population (roughly 216,000 people) 
(REF62).  
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Figure 10: CalEnviroScreen 4.0 Visualization of Barstow CA area.  

As the Legend below the Figure shows, Barstow is in the next -to-highest (80 to 90th percentile) 
grouping of environmentally-impacted census tract areas in California; Note that the BNSF 
Barstow Railyard appears in the center of the figure, as a centerline just below the green stripe 
(FROM REF55).  

 
 

  
 

48. Please describe the health risks that CARB found related to the BNSF Barstow 
Railyard in its 2008 Health Risk Assessment.  

The 2008 Health Risk Assessment performed by CARB for the BNSF Barstow Railyard reported 
both on cancer and non-cancer risks. At the Point of Maximum Impact (PMI), the potential 
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cancer risk was about 1000 in a million (REF60), although there was a gradation of risk with 
varying distance and wind direction (see Figure 11). 

The contribution of the BNSF Barstow railyard operations on cancer risk for the surrounding 
population is substantial, as portrayed in Figure 12 below, which shows the relative regional and 
Barstow railyard cancer risk contributions. As can be seen in the figure, the estimated cancer risk 
from BNSF Barstow railyard operations is larger than regional contributions for thousands of 
Barstow residents. 

For the non-cancer risks associated with BNSF Barstow Railyard operations, CARB reported a 
Hazard Index ranging between 0.02 to 0.20 (see Figure 13). Because this index is below 1.0, this 
indicates that exposure is less likely to result in non-cancer effects. Due to uncertainties in 
methodology and calculations at the time, however, CARB recommended that cancer risk be 
focused upon as the primary risk driver. Since that 2008 assessment, additional research has led 
CARB to acknowledge that there are additional non-cancer health risks (including increased risk 
for asthma-related emergency room visits for children and adults, increased cardiopulmonary 
mortality, and increased hospitalizations for cardiovascular and respiratory illness (REF58). 

Figure 11: Cancer risk associated with BNSF Barstow Railyard Operations. 

The black outline is the Railyard boundary, and the white curved lines around the railyard 
display the area of increased cancer risk at gradations as shown (50, 100, and 250 chances in a 
million, respectively) (From REF60). 
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Figure 12: Comparison of regional and BNSF Barstow Railyard operations estimated cancer risk 
(REF60) 

 
 

Figure 13: Estimated non-cancer risks (Hazard Index) from operations at the BNSF Barstow 
Railyards (REF60). 
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49. Please describe the health impacts from operations at the BNSF Barstow Railyard.  

The health impacts from operations at the BNSF Barstow Railyard are described in the response 
to Question 48. 

 
50. Please describe the communities that are bearing these health impacts from 

operations at the BNSF Barstow Railyard.  

From a demographic perspective, the percentage of African-American residents living in close 
proximity to the BNSF Barstow Railyard was equivalent (roughly 9%) to the percentage of 
African-American residents in San Bernardino County (REF59). The percentage of Latinx 
residents living in close proximity to the BNSF Barstow Railyard compared to County estimates 
was somewhat higher (roughly 49% vs. 40%, respectively) (REF59). For the proportion of low-
income households, the percentage of low-income households was dramatically higher in close 
proximity to the BNSF Barstow Railyard (roughly 64%) compared to the corresponding 
percentage for San Bernardino County (roughly 35%) (REF59). These differences raise the issue 
of systematic environmental injustice in the communities bearing the health impacts of railyard 
operations. 

 
51. Please provide an assessment of the air pollution health impacts from operations 

at the Union Pacific (UP) Colton Railyard. 

The Union Pacific (UP) Colton Railyard is a classification yard that primarily serves as a 
location for assembling and disassembling trains for delivery of items to various destinations 
(REF63). The railyard is roughly 5 ½ miles in length and 1/3 mile in width, and is physically 
located parallel to the I-10 Freeway. Based on the 2008 Health Risk Assessment, the UP Colton 
Railyard is among the top third of California railyards in terms of diesel emissions (tons per 
year). Locomotive operations accounted for 99% of on-site diesel PM emissions at the time of 
the CARB Health Risk Assessment, of which switcher locomotives were responsible for 62% of 
the diesel PM emissions (REF63). Other air contaminants associated with UP Colton Railyard 
operations include several organic gases of concern, such as 1,3 butadiene and formaldehyde, but 
the diesel emissions associated with locomotive operations are the predominant emissions for 
consideration. 

The western edge of the UP Colton Railyard was roughly 350 feet from the nearest residential 
area at the time of the 2008 Health Risk Assessment, with a local high school located just south 
of the railyard. The railyard is in the South Coast Air Quality Management District, and the 
region is one prone to elevated levels of ozone and PM2.5 and currently in non-compliance with 
NAAQS and California air quality standards for ozone and PM. 

Figure 14 below depicts the cumulative environmental burdens facing the Colton community, 
and show the UP Colton Railyard to be in the 80th to 100th percentile of all California census 
tract areas with regard to environmental burden. 
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Figure 14: CalEnviroScreen 4.0 Visualization of Colton CA area.  

As the Legend below the Figure shows, Colton is in the two highest designations (80 to 90th  and 
90th to 100th percentile) for environmentally-impacted census tract areas in California; Note that 
the UP Colton Railyard is in the lower-right center of the picture (FROM REF55).  

 
 

 
 

52. Please describe the health risks that CARB found related to the UP Colton 
Railyard in its 2008 Health Risk Assessment (HRA).  

Cancer and non-cancer risks were estimated in the CARB HRA. At the Point of Maximal Impact 
(PMI). The cancer risk was estimated to be about 575 in a million (REF63). An illustration of the 
estimated near-source cancer risks is presented in Figure 15 below. These estimates are based on 
a 70-year lifetime exposure assumption. 
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Figure 15: Cancer risk associated with the UP Colton Railyard Operations.  

The black outline is the Railyard boundary, and the white curved lines around the railyard 
display the area of increased cancer risk at gradations as shown (250, 100, 50, ... chances in a 
million, respectively) (From REF63). 

 

 

The comparative contribution of the UP Colton Railyard to regional cancer risk is shown in 
Figure 16 below. Due to the substantial air quality regional contributions, the contribution of the 
UP Colton Railyard was significant (accounting for a roughly 35% increase) for those most 
highly exposed but only a smaller portion (less than 13%) of the overall cancer risk for most of 
the population (REF63). 
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Figure 16: Comparison of regional and UP Colton Railyard operations estimated cancer risk 
(REF63) 

 

Non-cancer risks reported in the CARB HRA for the UP Colton Railyard showed a Hazard Index 
ranging between 0.02 to 0.20 (see Figure 17). Because this index is below 1.0, this indicates that 
exposure is less likely to result in non-cancer effects. Due to uncertainties in methodology and 
calculations at the time, however, CARB recommended that cancer risk be focused upon as the 
primary risk driver. Since that 2008 assessment, additional research has led CARB to 
acknowledge that there are additional non-cancer health risks (including increased risk for 
asthma-related emergency room visits for children and adults, increased cardiopulmonary 
mortality, and increased hospitalizations for cardiovascular and respiratory illness (REF58). 

Figure 17: Estimated non-cancer risk (Hazard Index) associated with diesel emissions at the UP 
Colton Railyard, according to the 2008 CARB HRA (REF63). 
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53. Please describe the health impacts from operations at the UP Colton Railyard. 

The health impacts are summarized in the response to Question 52. 

  
54. Please describe the communities that are bearing these health impacts from 

operations at the UP Colton Railyard. 

From a demographic perspective, the percentage of African-American residents living in close 
proximity to the UP Colton Railyard was equivalent (roughly 9%) to the percentage of African-
American residents in San Bernardino County (REF59). The percentage of Latinx residents 
living in close proximity to the UP Colton Railyard compared to County estimates was 
somewhat higher (roughly 68% vs. 40%, respectively) (REF59). For the proportion of low-
income households, the percentage of low-income households was somewhat higher in close 
proximity to the UP Colton Railyard (roughly 43%) compared to the corresponding percentage 
for San Bernardino County (roughly 35%) (REF59). These differences suggest a closer look be 
given to environmental justice issues in the communities bearing the health impacts of railyard 
operations. 

 
55. Please provide an assessment of the air pollution health impacts from the 

combined operations at the BNSF San Bernardino, BNSF Barstow, and UP Colton 
Railyards.  

Air pollution impacts from the BNSF San Bernardino, BNSF Barstow, and UP Colton railyards 
is substantial to both the immediate surrounding community and the larger regional area. In the 
immediate vicinities of the respective railyards, their 2008 diesel exhaust emissions were 
estimated to be responsible for placing an estimated 2714 individuals into the increased cancer 
risk category of >100 in a million (see Figures 8, 12, and 16 above). The estimated diesel 
emissions from railyard operations for these three facilities alone accounted for roughly one-third 
of the total estimated Diesel PM emissions (66.4/210.1 tons per year) for all 18 railyards in the 
state of California. In a region struggling to meet the National Ambient Air Quality Standards 
(NAAQS) for PM2.5 and ozone, these operations make achievement and ongoing compliance that 
much more difficult. 

On the health impacts side, the communities of San Bernardino, Barstow, and Colton are home 
to census tracts identified by the State of California as being among the most disproportionately-
environmentally-exposed locations in the entire state (see Figures 6, 10, and 14 above). Airborne 
exposures to the PM and gases associated with the respective railyard operations further stresses 
and exacerbates the environmental health of community residents. 
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56. Please describe the health risks of residing or working near these three railyards 
in San Bernardino County, and who bears those risks. 

As for the health risks of residing or working near these three railyards, please see the response 
to Question 55 above. As to who bears these risks, they both fall on all of the residents and 
workers in the San Bernardino, Barstow, and Colton, but disproportionately fall on a large 
number of susceptible sub-populations in the community. These include children, pregnant 
mothers, newborns and infants, those with pre-existing cardiovascular or respiratory conditions, 
outdoor workers, and people of color; Health research has repeatedly identified these sub-groups 
as being especially sensitive to poor air quality (REF 2,3,5). 

  
57. Please provide an assessment of the air pollution health impacts from operations 

at other large freight facilities like warehouses and diesel corridors in San 
Bernardino County.  

The topic of other large freight facilities like warehouses and diesel corridors in San Bernardino 
County has become one of increasing public concern in the past few years. The proliferation of 
large-footprint mega-warehouses, the growth of Amazon and similar home-delivery services, and 
the expansion of inland ports and redistribution centers have combined to bring increased 
pressure on communities for air quality and health considerations in the face of pressure to 
expand for economic and business pursuits. Increased consumer demand for next-day and home 
shopping services have led to increased truck activity in and through communities to 
accommodate that demand. Although there is an increase in the use of low-emissions or electric 
small delivery vans for intra-community delivery of goods and next-day type deliveries, the 
larger cargo delivery trucks that provide the bulk material goods to the mega-warehouses and the 
locomotives that deliver cargo remain largely diesel-fueled. This has the net result of increasing 
diesel emissions (with increased PM, nitrogen oxides, and organic gases) in local communities 
and throughout the region. In the face of other environmental shifts driven by climate change, 
this has resulted in increasing the number of days with elevated pollution levels in the area. As 
recent trends in county air quality data show (see Figure 18 below), the net effect has been no 
real improvements in overall air quality and an increase in the median Air Quality Index value. 
The “Moderate” days of air quality have been replaced by more days at the extremes (more 
“Good” days, but also more “Unhealthy” days, as well. 
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Figure 18: Ten-year trend (2011 to 2020) Air Quality Index values in each of the sub-categories 
(Good, Moderate, Unhealthy for Sensitive Groups, Unhealthy, and Very Unhealthy) (REF64). 

 
 

The net air pollution health impacts of these operations on the health of San Bernardino residents 
have been negative; as the health research has shown, increased and continuing exposures to 
levels of PM2.5, ozone, NO2, and assorted gases and carcinogenic materials has lasting effects on 
respiratory, cardiovascular, neurocognitive, metabolic, and other system health outcomes 
(REF2,3,5). 

 
58. Please describe the health impacts from goods movement from the Ports of Los 

Angeles and Long Beach (Ports) to San Bernardino County.  

The health impacts from goods movements from the Ports of Los Angeles and Lon Beach to San 
Bernardino County have been broad, far-reaching, and largely negative. The physical footprint of 
the goods movement is decidedly regional and not just local. One needs to consider localized 
impacts adjacent to shipping terminals, railyards, trucking depots, and warehouses, but also be 
aware of regional impacts wrought by the connective links (freeways, roads, rail lines, and 
warehouse re-distribution centers). These cumulative effects – both local and regional – better 
capture the breadth of health impacts.  
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At the local level, noise, increased traffic and road safety, over-illumination, and vibration can 
have effects on stress, blood pressure, quality of sleep, mental focus, and pregnancies (REF65-
67). Exposure to the airborne contaminants emitted from operations can lead to any number of 
system acute and chronic effects and result in emergency room visits for asthma events or other 
conditions (such as cardiovascular events) requiring hospitalization (REF2,3,5). Collectively, the 
health impacts from goods movement operations between the ports of Los Angeles and Long 
Beach and San Bernardino County have affected the health of the millions of residents who live 
in the greater Los Angeles metropolitan region.  

Locomotive Electrification. 

59. How does locomotive electrification relate to health outcomes? 

The major source of emissions associated with railyard operations, as have been described 
above, is with locomotive operations. There have been several successive TIER engine 
refinements and improvements in terms of reduced emissions of particles and gases of 
environmental health concern, and current TIER 4 locomotives do represent a significant 
improvement over their TIER 0 counterparts (see Table 4 above). However, the reality is that the 
working lifetime of locomotives is long, and the replacement turnover of the existing fleet has 
been very slow (see Figure 5 above). 

Locomotive electrification could substantially reduce emissions in and around railyards (for 
switcher locomotives) and for short- and possibly longer line-hauls. This would improve both the 
local and regional air quality and reduce health impacts in very positive and productive ways.  

 
60. Where in your assessment should locomotive electrification be focused to provide 

the most health benefits? 

Major obstacles to locomotive electrification have included recurring stated concerns of duration 
of charge, time required for re-charge, lifetime of performance, and cost of purchase (REF69). 
For switcher locomotives that stay generally in the railyard or on short-haul operations, many of 
these issues seem more readily solvable and worthy of consideration. In California, relatively 
few of the switcher locomotives in operation are of a later Tier (in other words, most have 
relatively poor control of diesel emissions) (REF 32). Substantial reductions in localized diesel 
emissions for the surrounding community would be reflected in substantial health benefits for the 
surrounding population through a reduction in exposure. Accordingly, consideration should be 
focused on accelerated efforts to electrify switcher locomotives to provide the most health 
benefits.  
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Figure 19: California Tier Distribution of Switcher Locomotives, based on Calendar 2017 data 
(REF32). 
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