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Key Concepts e Although asbestos is no longer used in many products, it will

remain a public health concern well into the 21st century.

e Intact asbestos sources in the home release few fibers and
should be left undisturbed. Damaged or crumbling materials
should be repaired or removed only by certified asbestos-
removal professionals.

e Asbestos exposure is associated with parenchymal
asbestosis, asbestos-related pleural abnormalities,
mesothelioma, and lung cancer, and it may be associated
with cancer at some extra thoracic sites.

About This and  This educational case study document is one in a series of self-

Other Case instructional publications designed to increase the primary care
Studies in provider’s knowledge of hazardous substances in the
Environmental environment and to promote the adoption of medical practices
Medicine that aid in the evaluation and care of potentially exposed

patients. The complete series of Case Studies in Environmental
Medicine is located on the ATSDR Web site at URL:
www.atsdr.cdc.gov/csem/. In addition, the downloadable PDF
version of this educational series and other environmental
medicine materials provides content in an electronic, printable
format, especially for those who may lack adequate Internet
service.
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The state of knowledge regarding the treatment of patients
potentially exposed to hazardous substances in the environment
is constantly evolving and is often uncertain. In this educational
monograph, ATSDR has made diligent effort to ensure the
accuracy and currency of the information presented, but makes
no claim that the document comprehensively addresses all
possible situations related to this substance. This monograph is
intended as an educational resource for physicians and other
health professionals in assessing the condition and managing
the treatment of patients potentially exposed to hazardous
substances. It is not, however, a substitute for the professional
judgment of a health care provider. The document must be
interpreted in light of specific information regarding the patient
and in conjunction with other sources of authority.

Use of trade names and commercial sources is for identification
only and does not imply endorsement by the Agency for Toxic
Substances and Disease Registry or the U.S. Department of
Health and Human Services.
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How to Use This Course

Introduction

The goal of Case Studies in Environmental Medicine (CSEM) is
to increase the primary care provider’s knowledge of hazardous
substances in the environment and to help in evaluating and
treating potentially exposed patients. This CSEM focuses on
asbestos toxicity.

Available Versions

Two versions of the Asbestos Toxicity CSEM are available:

e the HTML version
http://www.atsdr.cdc.gov/csem/asbestos/cover2.html
provides content through the Internet;

e the downloadable PDF version provides content in an
electronic, printable format, especially for those who may
lack adequate Internet service.

The HTML version offers interactive exercises and prescriptive
feedback to the user.

Instructions

To make the most effective use of this course, we recommend
that you

e take the initial check to assess your current knowledge
about asbestos toxicity

e read the title, learning objectives, text, and key points in
each section

e complete the progress check exercises at the end of each
section and check your answers

e complete and submit your Assessment and Posttest
responses online if you wish to obtain continuing education
credit. Continuing education certificates can be printed
immediately upon completion

Instructional
Format

This course is designed to help you learn efficiently. Topics are
clearly labeled so that you can skip sections or quickly scan
sections you are already familiar with. This labeling will also
allow you to use this training material as a handy reference. To
help you identify and absorb important content quickly, each
section is structured as follows:
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Section Element

Purpose

Title Serves as a “focus question” that you should be able to answer
after completing the section

Learning Objectives Describes specific content addressed in each section and
focuses your attention on important points

Text Provides the information you need to answer the focus
question(s) and achieve the learning objectives

Key Points

Highlights important issues and helps you review

Progress Check

Enables you to test yourself to determine whether you have

exercises mastered the learning objectives

Progress Check

Provides feedback to ensure you understand the content and

answers can locate information in the text

Learning Objectives

Upon completion of the Asbestos Toxicity CSEM, you should
be able to

Topic

Objectives

What Is Asbestos?

Explain what asbestos is.

Where Is Asbestos Found?

Identify where asbestos exists in the United
States.

Describe how asbestos is released into the air.

How Are People Exposed to
Asbestos?

Identify the most important route of exposure
to asbestos.

Who Is At Risk of exposure to
Asbestos?

Name the populations most heavily exposed
to asbestos.

Describe Who Is At Risk of domestic exposure
to asbestos.

What Are the U.S. Standards
for Asbestos Levels?

Explain the Occupational Safety and Health
Administration (OSHA) permissible exposure
level (PEL) for asbestos.

Explain the Environmental Protection Agency’s
(EPA) maximum contaminant level (MCL) for
asbestos in drinking water.

What Is the Biologic Fate of
Asbestos?

Identify where asbestos fibers are most likely
to be retained in the body.

How Does Asbestos Induce
Pathogenic Changes?

Describe the three mechanisms by which
scientists hypothesize asbestos induces
pathogenic changes in the lungs.
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What Respiratory Conditions
Are Associated with Asbestos?

Describe the four respiratory diseases
associated with asbestos.

What other health conditions
can be associated with
Asbestos?

Identify nonrespiratory conditions that might
be associated with exposure to asbestos.

How Should Patients Exposed
to Asbestos Be Evaluated?

Identify the primary focuses of the exposure
history and medical history.

Describe the most typical findings on patient
examination.

What tests can assist with
diagnosis of asbestos-related
diseases?

Describe pulmonary function test findings
associated with parenchymal asbestosis.

Describe chest radiograph findings associated
with other asbestos associated diseases.

How Should Patients Exposed
to Asbestos Be Managed and
Treated?

Identify two primary strategies for managing
asbestos-associated diseases.

Describe specific strategies for managing
parenchymal asbestosis.

What Instructions Should Be
Given to Patients?

List four instructions for patient self care and
two instructions for clinical follow up.
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Initial Check

Instructions

This Initial Check will help you assess your current knowledge
and skill level about asbestos toxicity. To take the Initial Check,
read the case below, answer the questions that follow, and then
compare your answers with the answers provided.

Case

A 66-year-old retired male presents with dyspnea on exertion.
He first noticed the shortness of breath several months ago but
was not concerned because it seemed so minor; he attributed it
to aging. During the past few months, however, the dyspnea on
exertion has gradually worsened.

The patient has no other symptoms of respiratory or cardiac
disease. His medical history is unremarkable except for

e an old back injury (compression fracture of L4) sustained
while working as an electrician at a local shipbuilding facility
and

e a 25 pack-year history of smoking, though the patient quit
smoking 5 years ago.

On physical examination, the patient is in no apparent distress.
Auscultation reveals bibasilar end inspiratory rales. There are
no signs of cyanosis, no clubbing of the fingers, and no
peripheral edema. Heart sounds are normal, as are the results
of the rest of the physical examination.

Initial Check
Questions

1. What further workup is required for this patient?

2. The exposure history indicates a 15-year history of
exposure to asbestos at the shipyard, beginning 35 years
ago and ending 20 years ago. The patient does not know
the exposure levels but notes that he used a respirator
during the last 5 years at the shipyard. In addition, when he
was 21 years old, he swept floors at a vermiculite handling
facility for a summer. He notes that the vermiculite plant
was extremely dusty, but he was told it was just “nuisance
dust.”

Are the patient’s symptoms likely to be related to asbestos
exposure? Why or why not?

3. The radiologist (a certified "B reader”) finds small, irregular
opacities in both lung bases consistent with early-stage
parenchymal asbestosis. The pulmonary function tests
reveal a mostly restrictive pattern of deficits, with
decreased carbon monoxide diffusing capacity (DLco). You
refer the patient to a pulmonologist. The pulmonologist
diagnoses parenchymal asbestosis on the basis of the
patient’s exposure history, latency of symptoms (occurring
45 years after first exposure), chest x-ray findings, and
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spirometry results. How will you manage the patient’s
condition?

4. Is the patient at risk for other asbestos-associated
diseases? Why or why not?

5. Are the patient’s family members at risk for asbestos-
associated disease?

6. The patient has been married for 46 years and has four
children. He notes that his wife laundered all his clothes
from work, including his clothes from the summer job at the
vermiculite plant and those from his job at the shipbuilding
facility. His children had only incidental exposure from
hugging him after work. The patient’s wife, a two-pack-a-
day smoker, has recently lost weight and developed sharp
pains in her lower chest.

Could the wife’s recent weight loss and chest pain be
related to her husband’s occupational exposure to
Asbestos? What work-up do you suggest for the patient’s
wife?

7. The patient asks if his children are at risk of asbestos-
associated disease. How do you answer?

Initial Check 1. The exertional dyspnea and bibasilar end inspiratory rales

Answers are suggestive of some type of interstitial pneumonitis.
Because of the patient’s history of work at a shipbuilding
facility, a detailed exposure history is warranted. You should
ask the patient about

e possible exposures (especially to asbestos) at the
shipbuilding facility

e other jobs at which the patient may have been exposed
directly or indirectly to asbestos

e the source, intensity, frequency, and duration of any
exposure

e the time elapsed since first exposure

e workplace dust measurements or cumulative fiber dose,
if extant

e use of personal protective equipment

e other sources of exposure, including paraoccupational
exposures to or from family members and other
household contacts

e sources of environmental exposure, such as a residence
near a source of naturally occurring asbestos or hobbies
or recreational activities that involve materials
contaminated with asbestos (e.g., home repairs or auto
maintenance).
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In addition to taking a detailed exposure history, it is
prudent to order chest X-ray and pulmonary function tests.

The information for this answer comes from section How
should patients exposed to asbestos be evaluated?

2. Yes, the patient’s condition is likely to be related to
asbestos exposure. Diagnoses to consider include

e parenchymal asbestosis

e idiopathic pulmonary fibrosis
e other pneumoconiosis

e hypersensitivity pneumonitis

e sarcoidosis and other interstitial pulmonary diseases

Several aspects of the patient’s case point to parenchymal
asbestosis as a likely diagnosis:

e history of exposure to asbestos in the shipbuilding
facility and vermiculite handling plant

e onset of symptoms many years after the exposures
(consistent with a long latency period)

e insidious onset of dyspnea on exertion, and

e Dbibasilar end inspiratory rales on auscultation.

The results of the chest X-ray (which should be read by a
certified "B reader”) and pulmonary function tests will help
with the differential diagnosis.

The information for this answer comes from section How
Should Patients Exposed to Asbestos Be Evaluated?

3. To manage this patient’s condition, you will

e advise the patient to avoid any further exposure to
asbestos, smoke, and other respiratory irritants as
practical

e provide regular pneumococcal and annual influenza
vaccines

e advise the patient to contact you at any sign of
respiratory infection

e aggressively treat any respiratory infections that
develop in the patient

e advise the patient to contact you at any sign of other
health changes, particularly changes that might be early
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signs of neoplasia (e.g., hoarseness, sores in the mouth,
blood in urine or stool)

e perform colon cancer screening in accordance with
American Cancer Society guidelines

e schedule regular follow-up visits to monitor progression
of the parenchymal asbestosis and possible development
of other asbestos-associated diseases.

e document any impairments related to work-related
asbestos exposure

¢ notify the patient that he has an occupational disease.
In states where occupational lung diseases are
reportable conditions, report this case of asbestosis to
the health department

The information for this answer comes from section How
Should Patients Exposed to Asbestos Be Managed and
Treated?

4. Yes, the patient is at risk of other asbestos-associated
diseases. The patient’s past exposures to asbestos were
significant enough to have led to the development of
parenchymal asbestosis. These exposures can also lead to
the development of other asbestos-associated diseases such
as asbestos-related pleural abnormalities, lung carcinoma,
and pleural or peritoneal mesothelioma.

The information for this answer comes from section What
Other Health Conditions Are Associated with Asbestos?

5. Possibly. While taking the exposure history, it is important
to ask about possible paraoccupational exposures to family
members and other household contacts. These can include
inhalation of asbestos fibers from

e the worker’s skin, hair, and clothing (if PPE was not
used)

e air and dust from local vermiculite- or asbestos-handling
facilities.

e air and dust from local mining operations or other
blasting/disruption of asbestos-bearing rock.

You should also ask about other possible exposure sources such
as
e materials used for hobbies and recreation

e outdoor activities that could involve exposure to
naturally occurring asbestos particularly if the patient
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lives near a geologic source

e vermiculite attic insulation contaminated with asbestos.

These types of exposures could place family members and
other household contacts at risk of asbestos-associated
disease.

The information for this answer comes from section Who Is
At Risk of Exposure to Asbestos?

6. Yes, the wife’'s symptoms could be related to her husband’s
occupational exposures to asbestos. Given that she
laundered her husband’s work clothes when he had two jobs
involving asbestos, she could have received significant
paraoccupational exposures to asbestos. To determine
whether these exposures led to an asbestos-associated
disease, you recommend that the patient’s wife:

e come in for an office visit
e receive chest X-rays

e undergo pulmonary function tests

The wife’s chest X-rays show a pleural thickening associated
with a slight pleural effusion on the lower right lung field.
You refer the wife to a pulmonologist, who performs a
computed tomography (CT) scan and a biopsy of the pleural
mass. The pulmonologist diagnoses pleural mesothelioma,
refers her to a cancer center, and provides the family with a
referral for psychosocial support.

The information for this answer comes from section How
Should Patients Exposed to Asbestos Be Evaluated?

7. You explain that the risk of asbestos-associated diseases,
especially parenchymal asbestosis, is generally dose-related
and that asbestosis develops in approximately 50% of
adults with heavy industrial exposures. The children
received paraoccupational exposure to asbestos from dust
and residue carried home on their father’s skin and clothing,
so their risk of asbestos-associated disease is less than the
occupational risk. You note that asbestos-associated
disease, particularly mesothelioma, can occur with
paraoccupational and even background exposures to
asbestos but at background levels, the risk is low.

The information for this answer comes from section What
Respiratory Conditions Are Associated with Asbestos?
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What Is Asbestos?

Learning Upon completion of this section, you should be able to
Objective
o explain what asbestos is.

Definition Asbestos is the name given to a group of six naturally occurring
fibrous silicate minerals that have been widely used in
commercial products. Asbestos is composed of silicate chains
bonded with magnesium, iron, calcium, aluminum, and sodium
or trace elements to form long, thin, separable fibers. These
fibers are often arranged in parallel or matted masses.

Asbestos occurs naturally, but much of its presence in the
environment stems from mining and commercial uses.

Classes Asbestos fibers are classified by mineral structure as serpentine
or amphibole.

Serpentine Amphibole

Long, flexible fibers Brittle with a rod or needle shape

Member: chrysotile Members: crocidolite, amosite,
anthophyllite, tremolite, actinolite,
winchite, richterite

Accounts for 93% of world’s commercial, |Accounts for 7% of commercial, purposeful
purposeful use of asbestos use of asbestos

Properties Asbestos was widely used commercially because of its

high tensile strength
resistance to acids and alkalis
resistance to heat and flame
flexibility

These properties make asbestos commercially useful but also
stable in the environment. Asbestos is nonbiodegradable. Once
released to the environment, asbestos tends to persist.
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Key Points e Asbestos is a group of fibrous silicate minerals.
e There are two classes of asbestos: serpentine and
amphibole.
e Asbestos was once used more widely for commercial
purposes.

e Asbestos is stable and persists in the environment.

Progress Check

1. Asbestos is a
A. group of fibrous mineral silicates
B. naturally occurring substance
C. commercially used substance
D. all of the above

To review relevant content, see Definition in this section.

2. Asbestos is useful commercially, but also persists in the environment, because it
is

. reactive with water, acids, alkalis, and other chemicals

. strong and stable

. rigid and inflexible

. all of the above

onNw>X

To review relevant content, see Properties in this section.
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Where Is Asbestos Found?

Learning Objective Upon completion of this section, you should be able to

e identify where asbestos still exists in the United
States.
e describe how asbestos is released into the air.

Introduction Asbestos was widely used commercially until the 1970s,
when health concerns led to some uses being banned
and some voluntary phase outs (Seidman and Selikoff,
1990). Mining and milling of the raw material and
production of asbestos has declined since the early
1970s, but asbestos is still used in some construction
materials. Some asbestos-containing products, such as
amphibole-contaminated vermiculite insulation, remain
in many homes in the United States. Asbestos fibers
are released into the air and dust when asbestos-
containing materials are loose, crumbling, or disturbed.

In addition to being at risk for exposure from the
commercial uses of asbestos, people in some areas of
the world are at risk because of geological deposits of
asbestos near the surface which release asbestos if
disturbed.

Current Commercial Uses Today, most asbestos used in the United States is
imported. Asbestos is still used in

brake pads

automobile clutches

roofing materials

vinyl tile

and, imported cement pipe and corrugated sheeting
(American Thoracic Society 2004).

Former Commercial Uses Until the 1970s, asbestos was widely used in the
construction, shipbuilding, and automotive industries,
among others. For example, asbestos was formerly
used in the following items

boilers and heating vessels

cement pipe

clutch, brake, and transmission components
conduits for electrical wire

corrosive chemical containers

electric motor components

heat-protective pads

laboratory furniture

paper products

pipe covering
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roofing products

sealants and coatings
insulation products,
textiles (including curtains)

These materials remain in many buildings, ships, and
automobiles built before 1975 (Seidman and Selikoff,
1990)

Contaminated
Commercial Products

Asbestos has been a contaminant in other products
such as

e vermiculite in potting soil

e vermiculite home insulation

Vermiculite contaminated with amphibole asbestos was
produced as late as 1990 from a mine near Libby,
Montana. The mined ore was processed at more than
200 sites around the country, and contaminated
vermiculite products were distributed nationally (ATSDR
2001a). Although all the new vermiculite in potting soil
is amphibole free, pre-1990 products from that source
may contain amphiboles, and many homes may still
have vermiculite insulation in their attics.

For more information on amphibole asbestos and
vermiculite insulation, please refer to the ATSDR
website on asbestos.

Homes and Buildings

Some home-attic insulating materials produced before
1975 contained asbestos. Of particular concern is
vermiculite insulation contaminated with amphibole
asbestos, because this is a loose material that can
easily be disturbed, causing asbestos fibers to be
released into the air. Asbestos in friable (easily
pulverized or crumbled) material is also a concern.
Asbestos embedded in solid materials (such as
wallboards) is less easily disturbed and therefore less
likely to be released into the air unless it is cut, drilled,
or sanded.

Many other home and building materials produced
before 1975 contained asbestos including the following
e duct and home insulation

e fire protection panels

e fireplace artificial logs or ashes

o fuse box liners

e gypsum wallboard
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e hair dryers

o toasters

e heater register tape and insulation
e joint compounds

e patching and spackling compounds
e pipe or boiler insulation

e pot holders and ironing board pads
e sheet vinyl or floor tiles

e shingles

e textured acoustical ceiling

e textured paints

e underlayment for flooring and carpets

The Natural Environment Because of widespread human use of asbestos, its
fibers are found in many or most parts of the
environment. These background levels are extremely
low, about 0.0001 fibers/cc of air (Holland and Smith
2003).

Asbestos is also present in the environment naturally,
primarily in underground rock. In most areas, the rock
is too deep to be disturbed easily, so asbestos fibers
are not released into the air. In some areas, such as
parts of California, Virginia and New Jersey (and across
the globe in Turkey and Corsica), asbestos-bearing rock
is close enough to the surface that construction and
other human activities can disturb it, leading to release
of high concentrations of asbestos fibers into the air
and dust (ATSDR 2001a; Hasanoglu et al. 2003; Luo et
al. 2003). For a map of sites in the United States where
naturally occurring asbestos outcroppings, please see:

http://www.atsdr.cdc.gov/asbestos/sites/national_map/

The table below shows examples of sources of asbestos
in the environment.

Asbestos Source Environmental Contamination

Mining, milling, and weathering of Outdoor air and dust
asbestos-bearing rock

Release of fibers from disturbed building Indoor air
materials (e.g., vermiculite insulation)

Manufacture, wear, and disposal of Outdoor and indoor air and dust
asbestos-containing products
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Release of fibers from brake linings or Street dust
crushed asbestos-containing rock used in
road construction

Erosion of natural land sources, discarded Drinking water
mine and mill tailings, asbestos cement

pipe, disintegration of other asbestos-

containing materials transported by rain

Key Points e Until the 1970s, asbestos was widely used in the
construction, shipbuilding, and automotive industries.

e Asbestos-contaminated vermiculite materials were produced
until 1990.

e Some home insulation and other building materials
produced before 1975 contain asbestos.

e Asbestos fibers are mainly released into the air and dust
when asbestos-containing materials are loose, crumbling, or
disturbed.

e In afew areas, asbestos-bearing rock close to the earth’s
surface can be disturbed and release high concentrations of
asbestos fibers into the air and dust.

Progress Check

3. Asbestos currently in the environment comes from
A. current production of commercial products and building mater
B. past production of commercial products and building materials
C. natural release of asbestos fibers from weathered rock
D. all of the above

To review relevant content, see Natural Environment in this section.
4. Asbestos fibers are released into the air mainly when

asbestos-containing materials are loose, crumbling, or disturbed
asbestos is fixed in solid materials such as wallboard
asbestos-bearing rock lays unexposed deep underground

all of the above

A WNR

To review relevant content, see Introduction in this section.
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How Are People Exposed to Asbestos?

Learning Upon completion of this section, you should be able to

Objectives e identify the most important route of exposure to asbestos

Introduction Exposure to asbestos can occur when asbestos-containing
material (manmade or natural) is loose, crumbling, or
disturbed, releasing asbestos fibers into the air and dust.
Asbestos that is embedded or contained in undisturbed solid
materials presents a negligible risk of exposure.

The primary route of asbestos entry into the body is inhalation
of air or dust that contains asbestos fibers. Asbestos can also
enter the body via ingestion. With dermal exposure, asbestos
fibers may lodge in the skin.

Inhalation The air pathway is the most important route of exposure to
asbestos, and the route that most commonly leads to illness.
Exposure scenarios include inhalation of contaminated air and
dust

e during work with asbestos

e during work in the same space as others working with
asbestos

e on worker’s skin, hair, and clothing

e in areas surrounding a mining operation

e in areas of the world where construction or other human
activity (such as gardening) results in disturbance of
natural outcrops of asbestos-bearing rock

e in homes and buildings where renovations or demolitions
disturb asbestos-containing building materials

The first four scenarios were common until the 1970s, when
the Environmental Protection Agency (EPA) began to regulate
the industrial uses of asbestos and the Occupational Safety
Health Administration (OSHA) developed workplace exposure
standards (Seidman and Selikoff, 1990). Today, the last two
scenarios are the more common because of declining use of
asbestos in developed countries (British Thoracic Society
2001).

Ingestion Ingestion—a minor pathway of exposure—occurs through

e swallowing material removed from the lungs via
tracheociliary clearance by a person who has inhaled
asbestos fibers into the lungs

e drinking water contaminated with asbestos for example,
from erosion of natural land sources, discarded mine and
mill tailings, asbestos cement pipe, or disintegration of
other asbestos-containing materials transported by rain

Asbestos levels in most water supplies are well below the EPA
maximum contaminant level (MCL), so significant exposure by
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drinking water is uncommon.

Skin Today, with the advent of personal protective equipment,
dermal contact is rarely a significant exposure pathway. In the
past, handling asbestos could result in heavy dermal contact
and exposure. Asbestos fibers could become lodged in the skin,
producing a callus or corn, but not more serious health effects.

Key Points e The air pathway (inhalation of contaminated air or dust) is
the most important route of exposure to asbestos, the route
that most commonly leads to illness.

e Ingestion is a minor exposure pathway, but exposure can
occur after swallowing of material cleared from the lungs.

e Heavy dermal contact is unusual, but it can lead to calluses
or corns.

Progress Check

5. The most important route of exposure to asbestos is

A. inhalation

B. ingestion

C. dermal contact

D. all are equally important

To review relevant content, see Inhalation in this section.
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Who Is at Risk of Exposure to Asbestos?

Learning Upon completion of this section, you should be able to
Objectives

e Name the populations most heavily exposed to asbestos.

e Describe who is at risk of domestic exposure to asbestos.

Introduction In the past, asbestos exposure was associated mainly with mining
and milling of the raw material and with workers engaged in
construction and product manufacture or use of end products. In
the industrialized west, these heavy asbestos exposures peaked
during the 1960s and 1970s and then it declined as worker
protection regulations were put in place and later as industrial use
of asbestos decreased. Because of long latency periods (10-40
years), workers exposed to asbestos in the 1960s and 1970s are
now manifesting asbestos-associated diseases. Indeed, the
incidence of asbestos-associated diseases among people
occupationally exposed is beginning to peak and will likely begin to
decline some time in the next 2 decades. National statistics that
illustrate this trend are available at

www.cdc.gov/niosh/topics/surveillance/ords/NationalStatistics.html.

Today in the United States, most occupational exposures occur
during repair, renovation, removal, or maintenance of asbestos that
was installed years ago. People can also be exposed at home, both
to old sources of asbestos as a result of activities such as home
renovation or to new sources of asbestos as a result of certain
types of recreational activities and hobbies such as auto repairs or
gardening, which may disturb natural outcroppings of asbestos in
the environment.

Past In the past, many occupations entailed exposures to asbestos (see
Occupational table below). Studies have documented the scale of the problem.
Exposure
e In the United States, an estimated 27 million workers were
exposed to aerosolized asbestos fibers between 1940 and 1979
(Nicholson et al. 1982).

Occupations Businesses where workers may be exposed to asbestos
e Auto e Asbestos product manufacturing (insulation, roofing,
mechanics building materials)
e Boiler makers e Automotive repair shops ( especially those that involve
e Bricklayers repair of brakes, clutches)
e Building e Construction companies
inspectors ¢ Maritime companies
Carpenters e Mining companies
Demolition e Offshore rust removal businesses
workers e Qil refineries
e Drywallers e Power plants
e Electricians e Railroads
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Floor covering
workers
Furnace
workers
Glazers
Grinders

Hod carriers
Insulators
Iron workers
Laborers
Libby
vermiculite
exfoliation
plant workers
Longshoremen
Maintenance
workers
Merchant
marines
Millwrights
Operating
engineers
Painters

Pipe fitters
Plasterers
Plumbers
Roofers
Refinery
workers
Sheet metal
workers
Shipyard
workers
Steam fitters
Tile setters
U.S. Navy
personnel
Welders

Manufacturers of sand or abrasives
Shipbuilders, ship lines, and ship yards
Steel manufacturers

Tile cutters

Source: NIOSH, 2001

Past Secondary
Occupational

Secondary exposure occurred when people who did not work
directly with asbestos were nevertheless exposed to fibers as a

Exposure result of sharing workspace where others handled asbestos.
For example, electricians who worked in shipyards were
exposed because asbestos was being used to coat the ships’
pipes and hulls (Pan et al. 2005).

Past Para- In the past, because of a lack of proper industrial hygiene,

occupational asbestos workers went home covered in asbestos dust. The

Exposures workers’ families and other household contacts were then

exposed via inhalation of asbestos dust
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e from workers’ skin, hair, and clothing, and
e during laundering of contaminated work clothes.

A mortality study of 878 household contacts of asbestos
workers revealed that 4 out of 115 total deaths were from
pleural mesothelioma and that the rate of deaths from all
types of cancer was doubled (Joubert et al. 1991)

In addition, asbestos was released into the air and soil around
facilities such as refineries, power plants, factories handling
asbestos, shipyards, steel mills, vermiculite mines, and
building demolitions. People living around these facilities were
also exposed to asbestos.

Current
Occupational
Exposures

Currently, the people most heavily exposed to asbestos in the
United States are those in construction trades. This population
includes an estimated 1.3 million construction workers as well
as workers in building and equipment maintenance (American
Thoracic Society 2004). Because most asbestos was used in
construction, and two-thirds of asbestos produced is still used
in this trade, risk to these workers can be considerable if the
hazard is not recognized and OSHA standards are not
enforced.

Direct Domestic
Exposures

As noted previously, some home attic insulation and many
other home and building materials produced before 1975
contain asbestos. People who live in homes with these
materials are at risk of exposure if the materials are loose,
crumbling, or disturbed by household activities or renovations.
In such cases, the asbestos materials should be removed or
encapsulated by a trained and certified asbestos contractor.
For information on where to find certified asbestos contractors
in your state, contact your local health department.

On the other hand, asbestos contained in intact solid material
poses a negligible risk of exposure. A 1992 study of indoor air
in homes and schools with asbestos-containing materials
found an average concentration of 0.0001 fibers/cc (Lee et al.
1992).

There are many ways that people can also be exposed to
asbestos through hobbies and recreational activities that entail
contact with materials containing asbestos; some examples
are such activities as home renovation, auto repair, and urban
spelunking. In places where naturally occurring asbestos is
close to the earth’s surface, activities such as gardening and
dirt biking can cause exposures if asbestos-bearing rock is
disturbed.

Exposure at School

Measurable asbestos levels in schools are usually 100 to 1,000
times below OSHA'’s permissible exposure limit of 0.1 fibers/cc
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of air for asbestos (Holland and Smith 2003). However, ATSDR
does not use occupational standards when considering the
risks to health of the general population from asbestos in the
general environment. A specific environmental health risk
assessment process is used.

Over time, public concern led to widespread removal and
abatement programs. Some facilities have higher levels of
airborne asbestos after removal than before, highlighting the
importance of proper encapsulation or removal by trained and
certified contractors.

Background No known truly unexposed group exists in the world. The

Exposures cumulative risk of background exposures is probably minor,
however, and these concentrations cannot be reduced
(Hillerdahl 1999). Any source of pollution that releases
significant amounts of asbestos fibers should be eliminated,
using proper equipment and techniques, as soon as it is
discovered.

The Libby Most vermiculite used today contains low or non-detectable

Vermiculite levels of asbestos. However, the vermiculite mined in Libby,

Example Montana, from the turn of the 20th century to 1990 was

contaminated with various fibrous amphiboles, including
tremolite asbestos, and constituted 95% of the vermiculite
used in the United States during that time. The vermiculite
operations in Libby, Montana, are a good example of the many
ways people can be at risk of asbestos exposure. In this
example, mining of the asbestos- contaminated vermiculite
ore in Libby resulted in asbestos exposures to

e miners
e household contacts of miners and other Libby asbestos
workers

e children playing in piles of vermiculite in the area

e residents of nearby towns (where the air was contaminated
by industrial activities involving asbestos)

e workers who handled the vermiculite in vermiculite
exfoliation and handling sites throughout the United States
after it was shipped there from Libby

e people who live in homes with vermiculite home insulation

This vermiculite was also used in potting soil, but EPA
concluded that consumers “face only a minimal health risk
from occasionally using vermiculite products at home or in
their gardens” (EPA 2000).

For more information about amphibole-contaminated
vermiculite, see
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e an ATSDR map of 28 priority vermiculite exfoliating sites at
http://www.atsdr.cdc.gov/asbestos/sites/national_map/

e an EPA fact sheet about how to recognize and avoid
exposure to vermiculite insulation in homes at
http://www.epa.gov/asbestos/pubs/insulation.html

e an EPA fact sheet about how to avoid asbestos exposures
while using potting soils at
http://www.epa.gov/asbestos/pubs/vermfacts.pdf

Key Points e Today, the populations most heavily exposed to asbestos
are those in construction trades.

e In the past, pipe fitters, shipyard workers, military
workers, automobile mechanics, and people in many other
occupations were also exposed.

e In the past, household contacts of asbestos workers were
exposed to asbestos dust on workers’ skin and clothing.

e People in homes and buildings with loose, crumbling, or
disturbed asbestos materials can be exposed to asbestos.

e During renovations or abatement, asbestos materials
should be encapsulated or removed by trained and certified
asbestos contractors.

e Asbestos embedded in intact solid materials poses little
risk of exposure as long as it remains intact and
undisturbed.

Progress Check

6. In the past, occupations that entailed exposure to asbestos included which
of the following?

A. construction workers, carpenters, sheet metal workers, and pipefitters
B. utility workers, boiler makers, and electricians

C. shipyard workers and automobile mechanics

D. all of the above

To review relevant content, see Past Occupational Exposure in this section.

7. Of the following, who is most likely to be at risk of asbestos exposure?

A. a child attending a school with asbestos-containing tile flooring
B. an adult who uses vermiculite potting soil while gardening

C. a person who resided with an asbestos worker in the 1940s

D. a family living in a home with intact, solid asbestos-containing
materials

To review relevant content, see Direct Domestic Exposure and Exposure at
School in this section.

What Are the U.S. Standards for Asbestos Levels?
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Learning
Objectives

Upon completion of this section, you should be able to

e explain the Occupational Safety and Health Administration
(OSHA) permissible exposure limit (PEL) for asbestos.

e explain the Environmental Protection Agency’s (EPA)
maximum contaminant level (MCL) for asbestos in drinking
water.

Introduction

The earliest evidence of asbestos-associated disease in workers
was found in the 1930s by British studies (Lee and Selikoff,
1979). We now know that the toxic effects of asbestos depend
on the nature and extent of exposure, particularly on the

concentration of asbestos fibers involved in the exposure
duration of exposure

frequency of exposure

type of asbestos fibers involved in the exposure
dimensions and durability of the asbestos fibers

United States government agencies (OSHA and Centers for
Disease Control’s center National Institute for Occupational
Safety and Health (NIOSH)) began establishing standards for
asbestos in the 1970s. US regulatory agencies such as EPA and
OSHA recognize six asbestos minerals (chrysotile, actinolite,
tremolite, anthophyllite, amosite, crocidolite) as legally
regulated forms of asbestos out of the group of asbestiform
minerals. Asbestiform minerals are defined as crystal
aggregates displaying these characteristics groups of
separable, long, thin, strong, and flexible fibers arranged in
parallel or in matted masses (ATSDR, 2001a).

Other regulations focus primarily on the concentration of
asbestos fibers in air. Currently, we have

e a standard for asbestos in the workplace

e a standard for asbestos in drinking water

e regulatory requirements for school boards regarding
asbestos in schools

Occupational
Standards

In 1986, OSHA established the current permissible exposure
limit (PEL) for asbestos in the workplace: 0.1 fibers/cc of air).
PELs are an allowable exposure level in workplace air that are
averaged over an 8-hour shift of a 40 hour workweek.

OSHA requires employers of all workers who are exposed to
asbestos (regardless of exposure level) to

e provide training in the proper use of personal protective
equipment (PPE)
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