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EXECUTIVE SUMMARY

Massachusetts has one of the highest rates of asthma in the nation, causing a substantial
societal burden of human suffering, lost capacity and productivity as well as fiscal costs.
Nearly 150,000 children and 500,000 adults currently have asthma in Massachusetts.
Increasingly, health payers, providers, and government programs emphasize the use of
effective chronic disease management programs that can substantially improve the quality
of life for people living with asthma. Despite these efforts, asthma in many people remains
out of control, requiring frequent use of rescue medications and often—particularly for low
income people living in challenging social circumstances and substandard home and
community environments—trips to the emergency room, hospitalizations, and infrequently,
death. Only a small percentage of health care expenditures is devoted to disease
prevention—particularly primary prevention, or preventing disease processes before they
start in the first place—despite the potential to lower rates of disease and reduce costs.

The scientific literature clearly distinguishes between causes of the initial onset of asthma in
people previously free of the disease, and causes of asthma attacks in people who already
have a diagnosis of asthma. As is true of most diseases, both genetic and environmental
factors contribute to asthma onset. Evidence suggests that hundreds of chemicals are
among those environmental factors contributing to the initial development of asthma.
These chemicals along with others can also trigger exacerbations in people who already
have the disease. Much of this evidence comes from workers exposed in the workplace.
Yet individuals may also be at risk from chemical exposures at home, from consumer
products, building materials, and outdoor air pollution. With the exception of occupational
health professionals, clinicians and decision-makers in government and the private sector
tend to overlook strategies for minimizing exposure to asthma-related chemicals as they
work to reduce the burden of asthma. Moreover, efforts to promote research and the
adoption of safer substitutes for chemicals associated with asthma are often not a
component of comprehensive asthma prevention and control agendas.

The purpose of this project was to understand the extent to which chemicals that can cause
the initial onset of asthma or trigger subsequent asthma attacks are being used by
Massachusetts industries who report under the Toxics Use Reduction Act (TURA) program.
TURA is a Massachusetts law passed in 1989 to encourage the reduction in amounts of
toxics and toxic byproduct used or generated by Massachusetts industries. Examining TURA
data can help identify opportunities for reducing exposure to asthma-related chemicals in
the workplace and in the community, which may, in turn, help prevent new cases of asthma
and/or exacerbations in people who already have the disease. The project involved: (a)
assembling a master list of agents that cause the initial onset of asthma or exacerbate
existing asthma; (b) researching trends in the use of asthma-related chemicals in
Massachusetts using TURA data; and (c) exploring the associations between the TURA data
and asthma surveillance data gathered by the Massachusetts Department of Public Health
(MDPH) to help generate hypotheses to explain such trends and point to opportunities for
interventions. This report first provides background on asthma to highlight why this disease
is a public health priority in Massachusetts. We then detail the methods and findings of our
data analyses.



This project yielded the following results and policy/research recommendations:

I. TURA Reportable Chemicals that Cause or Exacerbate Asthma
=  Findings:

1. Approximately 335 substances are known or suspected of causing or exacerbating
asthma based on evidence from a variety of sources.” These substances include
chemicals, as well as biological agents, such as molds, animal proteins, insect
proteins and plant proteins. Of these 335 substances:

o 68 chemicals are reportable under TURA and 41 have been reported to TURA at
some point in the program’s history.

o Of the 41 chemicals that have been reported to TURA, 15 have been
characterized as “more hazardous” (based on endpoints other than asthma) by
the TURA program’s Science Advisory Board.

o TURA does not mandate reporting for approximately 100 chemicals known to be
capable of causing and/or exacerbating asthma.

= Recommendations:

1. TURA decision-makers should consider adding to the “list of reportable chemicals”
those chemicals known or suspected of causing or exacerbating asthma that are not
currently on the list.

2. The Science Advisory Board should also include asthma as an endpoint as it
evaluates chemicals for its “more hazardous” list. Although over a dozen asthma-
related chemicals reported to TURA are on the TURA program’s Science Advisory
Board’s “more hazardous” list because of other health concerns, asthma is not a
health outcome considered in the development of this list.

3. The Science Advisory Board should consider including “capacity to cause and/or
exacerbate asthma” among the criteria for recommending that a chemical from the
“more hazardous” list be reviewed for a “higher hazard” designation, which carries
with it a lower reporting threshold.

Il. Trends in Asthma-Related Chemicals Reported to TURA
= Findings:

1. Between 1990 and 2005, the total cumulative use of asthma-related chemicals in
Massachusetts declined by 27%, but uses of some individual asthma-related
chemicals increased.

o The chemicals driving the total cumulative use of asthma-related chemicals in
Massachusetts from 1990-2005 include: styrene monomer, sulfuric acid, zinc
and zinc compounds, diisocyanates (when all reported diisocyanates are
combined), and chromium and chromium compounds. Of these chemicals,
ammonia, zinc and zinc compounds, and diisocyanates showed an increase in
total cumulative use from 1990-2005. Toluene diisocyanate was the main
diisocyanate driving the increased use for diisocyanates.

" Sources include (1) the Association of Occupational and Environmental Clinics, (2) the Collaborative on
Health and Environment, (3) a 2006 comprehensive review of the literature by Malo and Chan-Yeung, and
(4) the Institute of Medicine’s 2000 report, “Clearing the Air.”
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2. Total cumulative fugitive and point source air emissionst of asthma-related
chemicals from 1990-2005 also declined, 82% and 71% respectively.

o Specific asthma-related chemicals that were the primary contributors of the
total cumulative fugitive releases include: ammonia, sulfuric acid, acetic acid,
styrene monomer, and nitrogen dioxide. Fugitive emissions for all five
chemicals showed dramatic declines from 1990-2005

o Specific asthma-related chemicals contributing the most to the total cumulative
point source air emissions from 1990-2005 include: sulfuric acid, ammonia,
formaldehyde, acetic acid, and styrene monomer. Of the five chemicals,
ammonia and sulfuric acid showed overall increases in point source air
emissions over this fifteen year period (since 1991, sulfuric acid emissions
have been declining).

= Recommendations:

1. The Commonwealth should increase support for the Office of Technical Assistance
(OTA) and the Toxic Use Reduction Institute (TURI) to provide technical assistance
and to support innovation among Massachusetts industries thus enabling them to
further reduce their use and release of asthma-related chemicals.

o Among industries reporting to TURA, millions of pounds of chemicals associated
with asthma continue to be used and released as (1) fugitive emissions, which
may impact workers, and (2) point-source air emissions which may impact
communities. The results of toxics use reduction planning and technical support
to businesses—provided by the state Office of Technology Assistance and the
Toxic Use Reduction Institute are impressive: 40% reduction in use, 71%
reduction in waste, and 91% reduction of on-site releases since the program’s
inception in 1989. With sufficient resources, further reductions in uses and
releases of chemicals known to cause and/or exacerbate asthma could be
expected.

2. The Massachusetts Department of Pubic Health should increase asthma
surveillance activities among individuals and workers at risk from exposure to
toluene diisocyanate (TDI). In addition, the TURA program should also support
research and technical assistance to identify safer alternative to TDI.

o Given the increasing use of TDI in Massachusetts and emerging evidence
about the role of isocyanate skin exposure in the development of asthma,
occupational asthma prevention efforts should be strengthened, and
resources should be allocated for research and technical support to identify
safer alternatives.

lll: Exploring Associations between TURA Chemicals Data and Massachusetts Asthma
Surveillance Data
=  Findings:
o Work-related asthma surveillance data: The Massachusetts Department of Public
Health’'s (MDPH) sentinel work-related asthma surveillance system documents
that asthma-related chemicals, including those reported under TURA, have

" Fugitive air emissions are releases not captured by emission control technologies, such as leaks through
pipe fittings, loading/unloading operations, or evaporative losses. Point source air emissions are those
releases that occur through confined air streams such as stacks, vents, ducts, or pipes.
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caused or aggravated existing asthma among Massachusetts workers. These
surveillance data also show that the highest numbers of work-related asthma
cases are in industries not required to report to TURA, including the health care
industry. Workers in these sectors are exposed to asthma-related chemicals on
TURA's list of reportable chemicals, some of which are also on the TURA program
Science Advisory Board’s “more hazardous” list (e.g. formaldehyde and ethylene
oxide).

o School-based asthma surveillance data: According to MDPH’s school-based
surveillance data, the prevalence of asthma among schoolchildren is higher in
some communities where high amounts of asthma-related chemicals are used
and released by industries that report under TURA. Preliminary analysis was
insufficient to document or to rule out an association between the higher rates of
the disease and higher use or point air releases of asthma-related chemicals.

= Recommendations:

o Work-related asthma surveillance data: Based on substantial numbers of work-
related asthma cases reported from industries other than those that report under
TURA, consideration should be given to require additional industries—in particular
health care—to report .

o School-based asthma surveillance data: Given the high prevalence of asthma
among Massachusetts children, the TURA data are an important data source to
further explore constituents of both indoor and outdoor air pollution and their
connection with pediatric asthma. Priority analyses for future work include
examining the association between prevalence rates in particular schools, as
reported to MDPH, and the use and release of specific asthma-related chemicals,
such as nitrogen dioxide, sulfuric acid and formaldehyde, in those locations.
These more refined ecological analyses could help generate hypotheses for
further testing using more rigorous study designs.

Though the development of asthma is complex and varies individual to individual, exposure
to chemicals is a risk factor for many people. Researching and promoting safer alternatives
has the potential to make an important contribution to reducing exposure to asthma-related
chemicals and thereby reducing the burden of the disease. Toxic Use Reduction programs
in the public and private sectors are an important prevention strategy and should be
included in any comprehensive asthma prevention and control agenda. The declines in use
and air releases of asthma-related chemicals observed in this analysis are good news, yet
there remains ample opportunity for further reductions via technical and planning support
provided through TURA as well as including asthma in the Science Advisory Board’s
evaluation process for chemicals listing and classification. The increase in use of
isocyanates is of particular concern, and deserves attention by public health officials and
the TURA program.
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A. INTRODUCTION

Today, Massachusetts has among the highest asthma rates in the country. Nearly 150,000
childrenc and 500,000 adultsd currently have asthma and the numbers are even higher of
people who report having asthma at some point during their life. Effective chronic disease
management—emphasized increasingly by health payers, providers and government
programs—can improve the quality of life for people living with asthma. Better compliance
with drug treatments, behavior modifications and environmental interventions that reduce a
person’s exposure to allergens and irritants are essential secondary prevention strategies
that can reduce asthma attacks and keep people out of the doctor’s office, emergency room
or hospital. Moreover, though these chronic disease management initiatives are important
for both improving quality of life and health care costs, they do not reduce incident cases of
asthma. To control costs and reduce the burden of asthma over time, there is great need to
pursue opportunities not only for secondary and tertiary prevention but also for reducing
rates of new cases of asthma, in both children and adults.

Chemicals play a potentially important role in asthma. Reducing people’s exposure to
chemicals that trigger asthma attacks—including, for example, fluids used for cleaning and
disinfecting in the home, or chemicals used in the workplace setting—is an important
element of secondary prevention strategies. Though asthma is a complex disease that
varies individual to individual, and there remains much to learn about its etiology, we do
know that chemicals can cause the initial onset of asthma in people previously free of the
disease. The availability of information about chemical uses and releases in
Massachusetts, and the state’s track record in reducing uses of hazardous substances,
provide an opportunity to target exposures of concern and seek safer alternatives.

The purpose of this project was to understand the extent to which chemicals that can cause
or exacerbate asthma are being used by Massachusetts industries in order to identify
potential prevention opportunities. The project first assembled a master list of 335¢ agents
that cause the initial onset of or exacerbate existing asthma. Then, using data reported to
the Toxics Use Reduction Act (TURA) program, we researched trends in the use and release
of asthma-related chemicals, and explored associations between those trend data and data
gathered by Massachusetts Department of Public Health’s (MDPH) asthma surveillance
programs. This report details the methods and findings of this project, but first provides
essential background on asthma to provide greater context for why the disease is a public
health priority. The report ends by providing recommendations to help guide future policies
and programs and to make the connection between asthma prevention and sustainable
production policies and practices.

¢ Based on a current asthma prevalence of 10% (Behavioral Risk Factor Surveillance Survey, 2007) and
population estimates for children under 18 years from the U.S. Census Bureau (see:
http://quickfacts.census.gov/gfd/states/25000.html).

d Based on a current asthma prevalence of 9.9% (Behavioral Risk Factor Surveillance Survey, 2007) and
population estimates for MA adults 18 years and over (U.S. Census Bureau (see:
http://quickfacts.census.gov/gfd/states/25000.html).

e |t is difficult to obtain an exact number, as lists of agents that can cause or exacerbate asthma reflect a
mixture of individual and classes of compounds.



B: BACKGROUND ON ASTHMA

Asthma is a chronic inflammatory disease that results from a complex interplay between
environmental and genetic factors. The disease causes inflammation with recurrent
episodes of wheezing, dyspnea (difficult or labored breathing), breathlessness, chest pain or
tightness and/or cough. Once asthma develops, the airways of the lungs become more
responsive to a variety of stimuli. If left untreated, the resulting inflammation may lead to
irreversible changes in the structure of the lungs.

Asthma i ressin lic health
st alis apressing public ea.t. FIGURE 1. Estimated prevalence of asthma, by persons who
problem. In 2006, over 22.9 million  reported an asthma attack during the preceding 12 months,
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. Asthma in Massachusetts

Massachusetts communities have among the highest rates of asthma in the nation, causing
a substantial societal burden of human suffering, lost capacity and productivity as well as
direct fiscal costs ! According to the most recent health statistics (2007), 10.3% of
Massachusetts children and 9.9% of our adults currently have asthma.[6! Although similar
data are not available for children, data from 2000 through 2007 show that adults in
Massachusetts with current asthma increased 16.5%.[€!

Among Massachusetts children who reported currently having asthma in 2006-2007:(6!

=  40.5% had asthma symptoms in the past 30 days

=  44.2% had an asthma attack within the last year

= 13.3% had one or more visit to the emergency room, other urgent care, or hospital
admission for asthma in the last year

= 14% had a moderate amount or a lot of limitations to their usual activities due to
asthma

= 37.8% missed one or more days of school or daycare due to their asthma in the last
year.

Among Massachusetts adults who reported currently having asthma:[6]

= 67.5% had asthma symptoms in the past 30 days

= 52.9% had an asthma attack within the last year

= 14.3% had one or more visit to the emergency room or other urgent care visit for
asthma in the last year

= 4.4% had one or more hospital admission for asthma in the last year

= 22.1% had a moderate amount or a lot of limitations to their usual activities due to
asthma

=  8.9% were unable to work or carry out usual activities 11 or more days in the last
year

=  40.2% reported that their asthma was either caused or made worse by exposures at
either their current or previous job. Yet among these adults, only 26.8% reported
discussing their work environment in relation to their asthma symptoms with their
health care provider.

A recent analysis examining hospitalizations show that total hospitalization costs due to
asthma in Massachusetts increased 77.7% from $50 million in 2000 to $89 million in
2006.16 Total indirect and direct cost asthma in Massachusetts have not been updated
since 2002. Yet, even at that time, asthma costs in the state totaled over $35 million
annually.l’]

Il. Cause vs. Exacerbation

As with most diseases, asthma develops through a complex process with multiple
contributing factors. Contributing risk factors involved in the initial onset of asthma include
a person’s sensitivity to particular substances, dose and duration of exposure to a causal
agent, genetic makeup, physiologic status at the time of exposure, and previous exposure
to/occurrence of other risk factors for the disease. The scientific literature clearly



distinguishes between causes of initial asthma onset on the one hand and exposures that
result in subsequent asthma attacks or exacerbations of the disease on the other. Current
evidence suggests that not all agents capable of triggering an asthma attack can cause the
initial onset of the disease. For example, the 2000 Institute of Medicine’s (IOM) report,
“Clearing the Air” concluded there is insufficient evidence in the scientific literature that
mold or dander from cats or dogs can cause the initial onset of asthma, yet there is
sufficient evidence that these agents can exacerbate existing asthmal8l. For dust-mites, in
contrast, the IOM declared that there is sufficient evidence that they can both cause the
initial onset of asthma as well as exacerbation of the disease.8! In people who have
asthma, subsequent exacerbations of their disease—also known as asthma attacks—can be
triggered by exposure to the same agent(s) that originally caused the disease, or by
exposure to a range of other agents. Exacerbations cause continued disease symptoms
such as increased airway inflammation and progressively increased non-allergic airway
responsiveness. Frequent asthma exacerbations—which constitute “uncontrolled asthma”™—
result in worsening lung function, referred to as airway remodeling.

Distinguishing between what can cause the initial onset of asthma and what can exacerbate
existing asthma is necessary for characterizing primary prevention opportunities to stop
people previously free of the disease from developing asthma in the first place. However,
once a person has asthma, strategies for secondary prevention that reduce or eliminate
exposure to agents that can trigger asthma attacks are crucial to preserving lung function
and improving overall morbidity.

lll. Two Types of Asthma Onset: Allergic and Irritant

There are two common classifications for the development of de novo asthma (the initial
onset or cause of asthma) which reflect differing exposures and pathologic mechanisms: (1)
allergic asthma and (2) non-allergic (irritant) asthma.

1. Allergic asthma is the most common form of asthma in which an immune-mediated
allergic response that produces symptoms such as wheezing, coughing and
shortness of breath may be triggered by both causal and exacerbating agents.[®!
Allergic asthma is characterized by a causal exposure to a sensitizing agent that
starts the immune-mediated response, though it initially does not produce
symptoms. Sensitizers act as complete antigens. They bind to specific types of
antibodies to produce a cascade of events that activate inflammatory cells and the
synthesis and release of several mediators that control the inflammatory reaction in
the airways.[®! Frequently, people who have allergic asthma also have a family
history of asthma, rhinitis, eczema and urticaria (hives). Agents that cause allergic
asthma include high molecular weight substances found in the workplace, such as
diisocyanates, and some environmental allergens such as cockroaches and dust-
mites. All of these substances and more common environmental allergens such as
animal dander, pollen, and mold can trigger subsequent asthma attacks.

2. Non-allergic (irritant) asthma does not involve the immune system, and allergic
sensitization does not occur. Non-allergic asthma causes the same symptoms as
allergic asthma, but the symptoms are the result of a physical irritant response
rather than due to an allergic/immunologic response.l®! Irritant asthma may be



caused by a single exposure to factors such as cold, exercise, chemicals, tobacco
smoke, gases or fumes.

We know more about the characteristics of exposures that lead to allergic asthma than we
do about those that produce irritant asthma. Research in both occupationall2 and non-
occupationall1ll settings clearly demonstrates that for allergic asthma, the higher the degree
of exposure to an agent, the higher the risk of asthma. Although levels of exposure required
to sensitize an individual vary across individuals and substances, once this event occurs,
extremely low levels of either respiratory irritants or allergens can trigger an asthma attack.
It is not clear from the research literature whether irritant-induced asthma is caused by
intermittent high level exposures, chronic low level exposures, or both.[12] Yet for both
irritant and allergic asthma, it is evident that reducing an individual’s exposure to agents
that trigger their asthma not only decreases asthma symptoms and the need for medication,
but also improves lung function. Response to agents is highly variable. One agent may
trigger asthma in one person and not in another. Some individuals may be responsive to a
few agents and others may be responsive to many agents. The response of some
individuals to these exposures may be mild, but the response of others may be life-
threatening. Asthma symptoms may occur immediately or hours after the exposure.

IV. Occupational and Work-Related Asthma

Occupational asthma is defined in the literature as new cases of asthma caused by work
exposure. Work-related asthma includes both individuals whose work exposures caused
their asthma, and individuals whose existing asthma has been exacerbated by exposures in
their work environment (work-aggravated asthma). Diisocyanates are a leading cause of
occupational asthma worldwide and the majority of cases seem to occur via an immune-
mediated allergic response.l3! Other common occupational agents that initiate allergic
asthma include wood dusts, natural rubber latex, acrylates, and glutaraldehyde.[13]
Exposure to chlorine, sulfur dioxide, combustion products, and ammonia are the most
common occupational agents that can cause irritant-induced asthma.l13! Once asthma is
initiated, subsequent asthma attacks can be triggered by a broad range of substances. For
workers with asthma, understanding what triggers their symptoms and avoiding these
exposures is an essential component of managing their disease.



C. PROJECT METHODS

Our project focused on analyzing data reported to the Toxics Use Reduction Act (TURA)
program. TURA is a Massachusetts law passed in 1989 to encourage the reduction in
amounts of toxics and toxic byproduct used or generated by Massachusetts industries.
TURA requires that Massachusetts companies that use or manufacture large quantities’ of
any one of approximately 1,500 listed chemicalsé: (1) report their use and release of these
chemicals every year; (2) prepare a Toxics Use Reduction Plan every two years describing
how they can reduce their use of toxics; and (3) pay an annual fee based on the size of the
company and the number of chemicals reported. We utilized data reported by industry filers
to identify trends in Massachusetts in the use and release of chemicals known to cause or
exacerbate asthma.

I. Developing the Master List of Substances Capable of Causing or
Exacerbating Asthma

In order to analyze the TURA data, we first developed a Master List of chemicals or other
substances capable of causing the initial onset of asthma and/or exacerbating existing
asthma. This Master List was based on four sources:

1. The Collaborative for Health and the Environment’s (CHE) Toxicant Disease
database.[14] This database outlines the strength of evidence linking chemical and
biological agents in the home, work and intrauterine environments with asthma.
This database does not distinguish agents capable of causing the initial onset of
asthma from those that can exacerbate the disease.

2. The Association of Occupational and Environmental Clinic’s (AOEC) Exposure
Database. This database lists occupational agents capable of causing the initial
onset of asthma.[15! This list includes chemical, biological and physical hazards in
workplaces.

3. The Institute of Medicine’s (IOM) 2000 report, Clearing the Air.!8! This report reviews
the state of the evidence associated with both the initial asthma onset and asthma
exacerbation associated with exposures in non-occupational indoor environments.

4. A comprehensive review of the peer-reviewed literature by Malo and Chan-Yeung
published in Bernstein’s 2006 edition of Asthma in the Workplace.[16] The appendix
of this book provides an extensive list of agents which can cause asthma in the
workplace and serves as an update to the first three sources above, which were
published 5-10 years ago.

We compiled the four lists and eliminated duplication where necessary. Each agent on the
Master List notes the original source that identified it as asthma-related and the strength of
the evidence supporting the association with asthma onset or asthma exacerbation.

fThe 1989 statute defines large quantity as 25,000 pounds per year if a firm manufactures or processes a
substance, or 10,000 pounds per year if a firm "otherwise uses a substance.” Amendments to TURA
adopted in 2006 provide for the designation of higher and lower hazard chemicals. The reporting and
planning threshold for higher hazard chemicals is lowered to 1,000 pounds per year.

9 |dentified through: Massachusetts Department of Environmental Protection. Toxic Use Reporting
Appendices (appendix b), 2006.



Il. Developing the TURA Asthma Toxicant List

Having compiled the Master List of substances capable of initiating or exacerbating asthma,
we then cross referenced it with two TURA lists: (1) those chemicals that are “reportable”
under the TURA legislation and (2) those chemicals that have actually been reported at
some point during the program. A number of related chemicals reported separately to TURA
were combined for this analysis given that the asthma literature does not differentiate
between such agents in terms of their health effects. These agents include:
1. Chromium (CAS# 7440-47-3), chromium and compounds (reference # 1012) and
chromic acid (CAS# 7738945)
2. Nickel (CAS# 7440-02-0) and nickel and compounds (reference # 1029)
3. Para-phenylenediamine (CAS#106-50-3) and meta-phenylenediamine (CAS# 108-
45-2)
4. Toluene diisocyanate A (CAS# 91-08-7), toluene diisocyanate B (CAS# 584-84-9),
and toluene diisocyanate C (CAS# 26471-62-5)
5. Zinc (CAS# 7440-66-6) and zinc and zinc compounds (reference # 1039)

The final TURA list of chemicals capable of causing or exacerbating asthma provides: (1) the
CAS number for each chemical if known (2) the evidence source, (3) the strength of the
evidence (4) whether the chemical is reportable under TURA and (5) whether TURA ranks the
chemical as a “more hazardous chemical.” Under the 2006 TURA amendments, the TURA
Science Advisory Board reviews the scientific evidence as to whether any one of these “more
hazardous chemicals” should be categorized as “higher hazard” and as a consequence,
subject to lower reporting thresholds. Subsets of the Master List are included in Appendix A-
C (A: Chemical Agents Reported under TURA; B: Chemical Agents Reportable under TURA
but Not Reported; and C: Chemical Agents Not Reportable under TURA). The entire Master
List, including biologicals associated with asthma can be found online at the Lowell Center
for Sustainable Production’s website: www.sustainableproduction.org.

Ill. TURA Trend Analysis

Our analysis of trends in the TURA data focused on chemicals that have been reported to
the program at some point during the period 1990-2005. The analysis examined total
cumulative quantities of asthma-related chemicals used and released both as fugitive air
emissions (emissions not captured by emission control technologies, such as leaks through
pipe fittings, tanks and loading/unloading operations, evaporative losses, etc.) and air
releases or from point sources (through confined air streams such as stacks, vents, ducts or
pipes) throughout the 15 years of the program. In addition, we examined annual use,
fugitive air emissions and point source air release trends by chemical, by city/town, and by
industry type. The trend analysis focused on air releases because the primary route of
respiratory sensitization and subsequent asthma attacks for most asthma-related chemicals
is via inhalation.h

" Evidence is emerging for isocyanates that dermal exposure may also be an exposure report that
produces respiratory sensitization.l17]



For all trend analyses we excluded those chemicals where there was only “limited evidence”
of an association with asthma based on the CHE review of the evidence (see data source #1
on page 7). In addition, we did not analyze “phenols” because it represents a class of
compounds rather than a specific chemical identifiable through a CAS number. Finally, for
the top 5 asthma-related chemicals that drive the use, fugitive and point source air release
trends, we reviewed the scientific literature using PubMed to better illuminate the evidence
base regarding the association between asthma and the specific chemical.

IV. Exploring Associations between TURA Chemicals Data and Massachusetts
Asthma Surveillance Data

In the final stage of the project, we examined potential associations between asthma
surveillance data and TURA data to begin to explore potential links between chemical use
and release and the burden of asthma in the Commonwealth. For this analysis, we used
data on cases of work-related asthma and pediatric asthma data collected by the
Massachusetts Department of Public Health (MDPH). Our review of work-related asthma
data did not include specific analyses, but rather reported on data as published in MDPH’s
Sentinel Event Notification System for Occupational Risk (SENSOR), Occupational Lung
Disease Bulletin, July 2007.118! For our review of pediatric asthma data, we used city/town
data as published in MDPH’s report on Pediatric Asthma in Massachusetts 2005-2006.[19]
These data were collected as part of MDPH’s K-8 school-based asthma surveillance
program. We matched asthma prevalence data for all reporting cities/towns with 1990-
2005 TURA city/town asthma toxicant use and point air emission data, and conducted a
correlation analysis using Microsoft Excel.



D. PROJECT RESULTS

I. TURA Reportable Chemicals that Cause or Exacerbate Asthma

Based on the four evidence sources described in the
methods section, there are approximately 335i
substances that can cause or exacerbate asthma.
These substances include both chemicals as well as
biologicals (e.g. plant, animal and insect proteins) and
also include agents where the evidence is considered
“limited” according to the CHE review. Of the 335
agents, 68 (20%) are reportable under TURA, 41
(12%) of which have been reported to TURA at some
point during the program’s history (see Appendix A &
B).

Of those reported, 15 chemicals have been
characterized as “more hazardous” by the TURA
program’s Science Advisory Board. It is important to
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Figure 3: Asthma-Related Chemicals
Included on TURA Program’s Science
Advisory Board’s “More Hazardous” List

Benzene*

Chlorine

Chloroform*

Chromic Acid

Chromium and compounds
Dibromochloropropane*
Ethylene oxide
Formaldehyde

Hydrazine

Methylene Diisocyanate
Nickel and compounds
Phenols (NOS)

Phosgene

Sulfuric Acid (and sulfuric acid fuming)
Toluene diisocyanate

*evidence limited

note that these 15 chemicals are on this list not because of their potential to cause or
exacerbate asthma, but rather because of evidence that they are associated with other
public health or environmental endpoints such as cancer, toxicity (neurotoxicity,
developmental/reproductive toxicity, aquatic toxicity) or the potential for the chemical to

persist in environmental media and/or bioconcentrate.

While Figure 3 lists those chemicals with only limited evidence of an association with
asthma, we excluded these agents from our analyses and associated results. In total, 6
chemicals with limited evidence of an association were excluded from our trend analyses,
including benzene, chloroform, dibromochloropropane (DBCP), dibutyl phthalate,

caprolactam, and toluene.

Of the agents not reportable under TURA, the majority includes drugs, animal antigens, plant

antigens, and other compounds not covered by the TURA mandate, which focuses on
industrial chemicals. However, approximately 100 of the agents not reportable under TURA
are chemicals, including non-specific classes of compounds (e.g. anhydrides), non-specific
compounds (e.g. epoxy resins, cutting oils) as well as non-specific environmental
contaminants (e.g. environmental tobacco smoke, air pollutants). These chemicals are

identified in Appendix C.

Il. Total Use and Release Trends of Asthma-Related Chemicals

The following sections describe the data on use and air releases of asthma-related
chemicals reported under TURA. The total use numbers give a sense of the scale of
potential exposure to chemicals known to cause or exacerbate asthma.

it is difficult fo obtain an exact number, as lists of agents that can cause or exacerbate asthma reflect a

mixture of individual and classes of compounds.




Total Use

The total cumulative use of all asthma-related chemicals by TURA filers from 1990 to 2005
was 7.7 billion pounds. “Use” in this analysis is the amount of chemical a company

manufactured, incorporated into a
product or processed or otherwise
used.

As shown in Figure 4, total use of
asthma-related chemicals declined
27% from 532 million pounds in
1990 to a total of 387 million
pounds by 2005. Of the 41 agents
analyzed, the vast majority showed
overall use reductions. Sixty-nine
percent of the total asthma toxicant
use was from styrene monomer,
which decreased by 31% from
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Figure 3: Total Asthma Toxiant Use,
TURA Program 1990-2005
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1990-2005. Excluding styrene from the calculation of total pounds of asthma-related
chemicals, the decline in use of asthma-related chemicals is 18% over the period 1990-
2005. However, total use of some chemicals increased from 1990 to 2005, notably
ammonia (103% increase), chlorine (1013% increase), ethylene oxide (2200% increase),
hydrazine (732% increase), maleic anhydride (3029% increase), and toluene diisocyanate
(62% increase). Between 1995, when it was first reported to TURA, and 2005, the use of

chlorothalonil increased 295%.

Total Fugitive Air Releases
Fugitive air releases are those not

captured by emission control
technologies, such as leaks
through pipe fittings, tanks and
loading/unloading operations,
losses through evaporation, etc.
These uncontrolled releases can
be of particular concern for worker
health and safety. Total
cumulative fugitive releases of
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Figure 5: Total Asthma Toxicant Fugitive Air
Releases,

TURA Program 1990-2005
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asthma-related chemicals over the period 1990-2005 were 3.8 million pounds. As shown in
Figure 5, fugitive air releases of asthma-related chemicals have dramatically declined since
the beginning of the TURA program. Although total fugitive air releases remained relatively
high until 1995, the data indicate significant improvements in fugitive air releases, with an
overall decline of 82%, from 1990-2005. In general, fugitive air releases of asthma-related
chemicals have decreased since 1990, with the exception of a few chemicals that
experienced increases in the initial years of the program followed by subsequent declines
(e.g. acetic acid, formaldehyde and phenol).
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Total Point Source Air Releases

Cumulative point source air releases of asthma-related chemicals from 1990-2005 totaled
31.3 million pounds. These air releases occur through confined air streams such as stacks,
vents, ducts or pipes and may pose a threat to surrounding ecosystems and the health of
local residents.

As shown in Figure 6 point source 4 Figure 6: Total Asthma Toxicant Point Air Releases, )
’ TURA Program 1990-2005

air emissions dramatically 6,000,000

increased in 1991. This reflects 5,000,000

the phase-in of additional industry 4,000,000

sectors reporting to TURA at that § 3,000,000 / \K/A\

time, rather than a rise in actual 2,000,000 / H\

releases. Point source air releases 1000000 47 A Ak A

steadily declined until 1997, at -

which point there was a gradual ERRRRRRRRRRRRRRD

minor increase until 2005, with 1.5 \ Program Year y

million pounds released in 2005.
From 1991 to 2005, there was a 71% decrease in point source air emissions. Although
point source air releases of nearly all asthma-related chemicals have declined since the
earliest years of the TURA program, a few chemicals showed increases, including ammonia
(224% increase), nickel (305% increase), and sulfuric acid (422% increase).

lll. Asthma-related chemicals Driving the Trends

The top 10 agents that drive total use, fugitive air release and point source air release
patterns are noted in Table 1, Table 2, and Table 3 respectively. Although we calculate
percent change from 1990-2005, these calculations do not always reveal a complete
understanding of trends as few chemicals show steady increases or declines. Thus, we
further describe specific trends in our review of the top five asthma-related chemicals most
frequently used and released to air. Tables 4-6 outline the top 10 Massachusetts
cities/towns with the highest asthma toxicant uses, and air releases. Within these tables,
the top-5 chemicals contributing to the totals within each town are noted.

11



TABLE 1. TOTAL CUMULATIVE USE (1990-2005): TOP 10
ASTHMA-RELATED CHEMICALS*

TABLE 2. TOTAL CUMULATIVE FUGITIVE AIR
EMISSIONS (1990-2005): TOP 10 ASTHMA-RELATED

TABLE 3. CUMULATIVE POINT AIR EMISSIONS
(1990-2005): TOP 10 ASTHMA-RELATED CHEMICALS*

CHEMICALS*
% % %
Change Total (Ibs) | change Total (Ibs) | change
Total (Ibs) 1990- Fugitive 1990- Air Point 1990-
# CAS# Chemical Used** 2005 # CAS# Chemical Emissions 2005 # CAS# Chemical Emissions 2005
+422%
(-86%
STYRENE SULFURIC since
_1_| 100425 _f__MONOMER_ _| 5,300,543,547 f ~ -31% 1 | 7664417 | AMMONIA | 1,841,681 | -85% | 1 | 7664939 ) _ _ACID__ | 17873773 | 1991)_
SULFURIC
_2_| 7664939 | SULFURICACID_| 739,947,593 | -27% 2| 7664939 | _ ACID _ | 664227 | -86% | 2 | 7664417 | _AMMONIA | 9034730 | +224%
7440666, ZINC & ZINC FORM-
3| _1039_ _|_ COMPOUNDS _| 277,513,308 | +2% 3 |_ 64197 | ACETICACID | 565,321 | -85% | 3 | _90000 _( _ALDEHYDE _ | 1.439.539 | -66%_
STYRENE
_A_| 7664417 | AMMONIA_ _ | 243,941,991 [ 103% _ 4 |_100425 | MONOMER _| 327,407 _| _ -51%__| 4 ] _64197 _[_ ACETICACID _ | 1085437 | _-92% _
91087,
584849,
26471625, | DIISOCYANATES
101688, (TDI, MDI, IDI NITROGEN STYRENE
_S_ | _1030_ _[_&Diisocyanates) | 232,592,411 [ +24% _ 2 10102440 | _DIOXIDE _}_ 102,527 _| -100% | 5 ] 100425 | _MONOMER _ | _567,740_ | _-48% _
CHROMIUM & -89%
7440473, CHROMIUM 6 FORM- 6 NITROGEN (since
6| _1012_ | COMPOUNDS _| 149,695,676 | -84% _ | _50000 | ALDEHYDE | 86126 _| 94%__| _ ] 10102440 | _ DIOXIDE | _527.060_ [ 1993)_
PHTHALIC 7 | 7440666, | ZINC & ZINC 7 | 7440666, | zINC & zZINC
7| _85449 _|_ ANHYDRIDE _| 139,378,492 | -91% _ |_ 1039 _| COMPOUNDS | 52,266 _| 72%__] _ ] _ 10389 _| COMPOUNDS_| _107,106_ [ -60% _
CHROMIUM
&
7440473, CHROMIUM
_8_| _64197 _|_ACETICACID _| 120,423,731 [ -65% _ 8 |_ 1012 _| COMPOUNDS_| 40,392 _| -95%__| 8 | _75070 _|_ACETALDEHYDE | 102,300 _ | _-62% _
NICKEL &
FORMALDE- 7440020 NICKEL
_9_ | 50000 _f_ _ _ HYDE_ _ _|[ 105,505,823 [ -63% _ 9 |_&1029 | COMPOUNDS_|_ 30,678 _| - 90%__] 9 | 7782505_|_ _CHLORINE _ | 88389 | -99% _
DIETHYL- DIETHYL-
HEXYL- HEXYL-
10 7782505 CHLORINE 84,818,846 +1013% 10 117817 PHTALATE 23,836 -57% 10 117817 PHTALATE 61,299 -100%

*Agents with only limited evidence excluded from analysis; **Total Cumulative Amount Manufactured, Processed & Otherwise Used: 1990-2005
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Table 4: Top 10- Massachusetts Towns with the Highest

Total Cumulative Use (1990-2005) of Asthma-related

Table 5: Top 10- Massachusetts Towns with the Highest
Total Cumulative Fugitive Air Releases (1990-2005) of

Table 6: Top 10- Massachusetts Towns with the Highest
Total Cumulative Air Point Emissions (1990-2005) of

chemicals* Asthma-related chemicals* Asthma-related chemicals*
Total Total
Top 5 Responsible Top 5 Responsible Cumulative Top 5 Responsible Cumulative
Chemicals Total Chemicals (Ibs) Chemicals (Ibs) Air
(descending order Cumulative (descending or of Fugitive (descending or of Point-
# | Town of use) (Ibs) Use** # Town use) Releases # Town use) Emissions
Styrene, Sulfuric acid, Ammonia, Acetic acid, Sulfuric acid, Ammonia,
1 SPRINGFIELD MD]I, Diisocyanates, 3,585,072,957 1 FALL RIVER Formaldehyde, Sulfuric 816,458 1 EVERETT Formaldehyde, Nickel & 4,775,619
Acetic acid acid, Styrene compounds, Vanadium
Sulfuric acid, Zinc & Sulfuric acid, Nickel &
Styrene, Zinc & NEW compounds, DEHP, compounds, Vanadium,
2 OXFORD compounds 1,022,148,682 2 BEDFORD Ammonia, Nickel & 272,036 2 SANDWICH Ammonia, 4,242,314
compounds Formaldehyde
Styrene, Sulfuric acid, A ia. Acetic acid Sulfuric acid, Ammonia,
Zinc & compounds, Sn?fm onia, dCEt.'C ag 4 Nickel & compounds,
3 HOLYOKE Acetic acid, Chromium 527,152,623 3 PEABODY ulfuric acid, Zinc 254,759 3 SOMERSET Chromium & 4,149,233
compounds, TDI "
& compounds compounds, Vanadium
Sulfuric Acid, Sulfuric acid, Ammonla, Ammonia, Sulfuric acid,
Ammonia, Acetic acid Formaldehyde, Nickel & compounds,
4 FALL RIVER Lo I 323,824,055 4 WORCESTER | Chromium & 236,540 4 SALEM ) - ’ 3,670,557
Sulfuric acid (fuming), . Vanadium, Zinc &
- compounds, Nickel &
Chlorine compounds
compounds
Styrene, Zinc & Sulfuric acid, Ammonia,
compounds, Acetic Ammonia, Styrene Chromium &
5 | LEOMINSTER Acid, DEHP, 275,943,682 5 LOWELL e ! 213,128 5 BOSTON compounds, Nickel & 2,914,876
. Sulfuric acid, DEHP
Chromium & compounds,
compounds Formaldehyde
Phthalic anhydride, Ammonia, Chromium & Ammonia. Nitrogen
Nickel & compounds, compounds, Nickel & dioxide S'tyreneg
6 ATTLEBORO Ammonia, Sulfuric 269,587,876 6 SALEM compounds, Zinc & 212,093 6 SPRINGFIELD Sulfuric’ acid ! 1,432,045
acid, Chromium & compounds, Sulfuric !
] Acetylaldehyde
compounds acid
Chromium &
compounds, Zinc & N - Ammonia, Sulfuric acid,
7 | NEW BEDFORD | compounds, Nickel & | 130,949,817 7 | HAVERHILL | Acetic adid, Sulfuric 151,257 7 | WEST Formaldehyde, Acetic | 864,600
- Acid, Ammonia GROTON ]
compounds, Sulfuric acid
acid, DEHP
TDI, Diisocyanates, Ammonia, Aluminum, ﬁg'lmm?):l:aszgfjl%uric
8 NEWBURYPORT | MDI, Ammonia, 110,260,010 8 CANTON Phenylenediamine, Zinc 112,901 8 PITTSFIELD mpounds, 774,964
f ) acid, Nickel &
Sulfuric Acid & compounds, Styrene
compounds
Zinc & compounds, N|troggn dioxide, Acetic acid, Ammonia,
Sulfuric acid, Nickel & Chromium & Sulfuric acid
9 CHICOPEE ! 102,572,591 9 GRAFTON compounds, Aluminum, 108,819 9 FALL RIVER o 549,974
compounds, - Ethylenediamine,
Formaldehyde, MDI Nickel & compounds, Styrene
! Cobalt
Sulfuric .Ac'd’ Formaldehyde, Sulfuric
Ammonia, acid, Chromium &
10 | PEABODY Diisocyanates, 70,296,586 10 LUDLOW Styrene 104,277 10 FITCHBURG ! d . id 484,562
Chromium & compounds, Acetic acid,

compounds, TDI

Ammonia

*Agents with only limited evidence excluded from analysis; **Total Cumulative Amount Manufactured, Processed & Otherwised Used: 1990-2005
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The following subsections describe the five major chemicals used, released via fugitive
emissions, or released via point source air emissions.

Styrene Monomer

Styrene monomer is used extensively in the production of polymers, co-polymers, resins and
reinforced plastics and is used as a reactant. In Massachusetts, the primary use of styrene
is for the production of polystyrene, a transparent, solid, and very light weight plastic
produced by the polymerization of styrene monomer. Although the total number of
Massachusetts employees working with styrene is unknown, OSHA estimates that more than
90,000 workers are potentially exposed to styrene nationally.

Styrene is the predominant s ~
chemical driving the use trends of Figure 7: Total Styrene Use,
asthma-related chemicals in TURA Program 1990-2008
Massachusetts. Over 5.3 billion 490000.900 |
pounds were used from 1990-2005. 350,000,000 1\\ M
The majority of total cumulative use 300,000,000 N~

250,000,000

of styrene during 1990-2005 200000000 1
occurred among facilities in 150,000,000
Springfield (3.4 billion pounds), ‘gggggggg I
Oxford (1.0 billion pounds) and R

Holyoke (516.2 million pounds) [ | l [ | l I l l | l l [ | l . I I l

(Appendix D). Styrene was the Program Year
highest used chemical among four
of the top 10 cities/towns with the highest total cumulative use of asthma-related chemicals
(Table 4). Use of styrene has declined by 31% from 1990-2005 (Figure 7).

Styrene is also on the top-5 total 4 Figure 8: Total Styrene Air Releases, )
cumulative fugitive air releases TURA Program 1990-2005

and point source air emissions. 90,000

While facilities in the towns of 80,000 ~

Ludlow (104,227 pOUﬂdS), 70009 ——Fugitive Air Releases
Holyoke (59,602 pounds) and | ggggg \ —a—Pt.Air Releases
Norton (42,597 pounds) released 40,000

the highest total cumulative 30000 | T TN\

fugitive air emissions of styrene, 20,000 1

facilities in Springfield (214,276 10,000 1

pounds), Rockland (176,771
pounds) and Oxford (43,829 . . . l l lP. l lYl I l I I I I
pounds) represented the primary ~ —

drivers of total cumulative point source air releases. Styrene fugitive air emissions and point
source air releases have declined over the past 15 years by 51% and 48% respectively
(Figure 8).

Although CHE described the evidence as “limited” regarding styrene monomer’s ability to
cause or exacerbate asthma, AOEC lists it as an agent capable of causing asthma among
those previously free of the disease and Malo and Chan-Yeung list it as an occupational
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asthmagen. Evidence linking styrene with asthma comes from a number of case reports
published in the scientific literature.[20.21] Although the underlying mechanism associated
with styrene-induced asthma is unknown, current evidence suggests that styrene is a
sensitizing agent and that asthma develops via an allergic, hypersensitivity response to
exposure.[22l

In addition to asthma, styrene is identified by International Agency for Research on Cancer
(IARC) as a Group 2B possible carcinogen. Other health effects associated with exposure to
styrene monomer include first degree burns as a result of short term skin exposure, contact
dermatitis, liver toxicity, and encephalopathy from exposure to high concentrations over an

extended period of time.

Sulfuric Acid

Sulfuric acid is used in several industries such as textiles, food and beverage processing,
electronics, metals, and pulp and paper mills, and among electricity generators in processes
including chemical production, electroplating and anodizing processes and is otherwise
used in water and wastewater treatment processes.[23] Sulfuric acid is on the TURA
program’s Science Advisory Board’s “more hazardous” list.

Sulfuric acid was the second
highest asthma toxicant used in
Massachusetts from 1990-2005,
totaling 740 million pounds (Figure
9). The majority reported using
sulfuric acid for the manufacture of
chemicals (Appendix D). Facilities
with the highest total cumulative
use of sulfuric acid were located in
Fall River (85.6 million pounds),
Springfield (84.3 million pounds),
and Peabody (40.6 million pounds)
(Appendix D). Total use of sulfuric
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Figure 9: Total Use Sulfuric Acid,
TURA Program 1990-2005
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acid rose between 1990 and 1991 as additional industries, such as electric utilities and
chemical distributors, began reporting to the TURA program. From 1990 to 2005, total
cumulative use of sulfuric acid declined by over 27%.

Among asthma toxicant air releases,
sulfuric acid had the second highest
total cumulative fugitive emissions
(664,227 pounds) and the highest
total cumulative point source air
emissions (17.9 million pounds).
Both fugitive and point source air
emissions increased sharply from
1990-1991 as electric generating
industries first began reporting to
TURA (Figures 10 and 11). Total
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Figure 10: Total Sulfuric Acid Fugitive Air Releases,
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fugitive emissions were 54,346 pounds in 1990 with a dramatic rise in the second year of
reporting and then a fairly consistent decline to 7,546 pounds in 2005, representing a total
reduction of 86%. Facilities in New Bedford (262,574 pounds) and Worcester (102,452
pounds) were primary drivers of total cumulative sulfuric fugitive air emissions (Table 5 and
Appendix D).

Point source air release trends for ~
sulfuric acid were similar to use Figure 11: Total Sulfuric Acid Point Air Releases,

. . . TURA Program 1990-2005
trends with releases rising from 500,000 -
113,925 pounds in 1990 to over 4.2 4000,000 I*\
million pounds in 1991 as electric 8:500,000 "¢
/

utility industries began reporting to 2500000 e

TURA. Point source air releases A

have dramatically dropped after 1000,000 |

1991 and have leveled out over the 200008 iﬁ*ﬁ%
last seven years to a total of
594,699 pounds in 2005, T T F','m;ran:v;ar
representing an 86% decrease from  \_ S
1991. Electric generating facilities

in Everett (4.2 million pounds), Sandwich (4.0 million pounds), Somerset (3.8 million
pounds), Boston (2.6 million pounds) and Salem (1.1 million pounds) were the primary
drivers of total cumulative sulfuric acid point air source emissions (Table 6).
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Both AOEC and Malo and Chan-Yeung list sulfuric acid as an occupational asthmagen.
Neither CHE nor IOM evaluated this compound, although CHE does rank the evidence for
“acids” as strongly associated with irritant asthma. High dose exposure to sulfuric acid,
often as a result of accidents, spills or equipment failure has caused irritant-induced asthma
among workers. Evidence also suggests that aerosols of sulfuric acid at much lower doses
can exacerbate asthma among workers and the public, including children. Much of this
evidence is from studies demonstrating an increase in asthma symptoms associated with
exposure to acid aerosols in air pollutant mixtures.[24-26]

In addition to asthma, inhalation of sulfuric acid produces other respiratory hazards
including bronchitis, emphysema and respiratory symptoms such as shortness of breath.
IARC classifies exposure to sulfuric acid mists as a known (Group 1) lung carcinogen.
Sulfuric acid can also severely irritate and burn the skin, eyes and potentially cause
blindness.

Zinc and Zinc Compounds

Zinc has many commercial uses, as coatings to prevent rust, in dry cell batteries, and mixed
with other metals to make alloys like brass, and bronze. Zinc compounds include zinc
chloride, zinc oxide, zinc sulfate, and zinc sulfide. Zinc compounds are widely used in
industry to make paint, rubber, dyes, wood pres