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IMPORTANT INFORMATION—READ THIS FIRST

This manual is not intended to satisfy or to be a substitute for the safety and heaith
requirements of federal, state, or local regulatory agencies. Appropriate regulations and laws
should be consulted and followed. The program described in this manual has been developed to
meet the specific needs and challenges of the industrial sand industry for surveillance of
exposure to crystalline silica. It is not intended to be an occupational health program (OHP) for
exposure to crystalline silica in other industries, since parts of this program may not be well
suited to other industries and elements of an appropriate program specifically aimed at another
industry may not be included in this program.

The scope of this program is purposely limited to surveillance of exposure to respirable
crystalline silica. It does not address the corrective measures, such as engineering and
administrative controls, that are necessary when exposures approach or exceed acceptable limits.
The National Industrial Sand Association (NISA) has prepared for its member companies other
information sources on control measures applicable to the industrial sand industry, which |
supplement this manual. In addition to the assessment of crystalline exposure and medical
assessment of silicosis covered in this manual, the other elements of the NISA Silicosis
Prevention Program include: commitment of the member company to the program and the goal
of eliminating silicosis, control of exposures through engineering and administrative measures or
the use of personal protective equipment, involvement of workers in the prevention aspects of
the program, and implementing a smoking cessation program as part of an inclusive respiratory
program to prevent smoking-related lung discases. More importantly, the environmental and

medical programs described in this manual must not be considered total programs. Other stresses



such as noise, heat, radiation, non-silica-bearing dusts, chemical contaminants, and other site-
specific conditions, although obvious elements of a total occupational health program, are

beyond the intended coverage of this program.
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PREFACE

This manual provides guidelines by which National Industrial Sand Association (NISA)
member companies can monitor occupational exposures and associated respiratory health effects
of crystalline silica exposure.

The program consists of the following basic components:

Job placement health evaluations for respiratory status.

. Periodic respiratory health evaluations.
. Workplace dust exposure monitoring.
. Integration of exposure and medical findings.

This manual provides guidelines by which NISA member companies can engage in
monitoring of silica exposures and medical surveillance of their employees both to control
exposure to respirable crystalline silica and to provide a data base for future epidemiological
studies. The guidance included in this manual reflects the recommendations of health research
organizations such as the American Thoracic Society (ATS) and the National Institute for
Occupational Safety and Health (NIOSH) and regulatory agencies such as the Mine Safety and
Health Administration (MSHA) and the Occupational Safety and Health Administration
(OSHA). This guidance is provided to assist member companies in designing a program to meet
the elements of assessment of silica exposure and medical assessment of silicosis of the NISA
Silicosis Prevention Program. However, each company is ultimately responsible for tailoring its
program to meet its individual needs. Competent physicians, industrial hygienists, and other
professionals should be consulied as needed for advice on implementing a program that meets

these guidelines.



We are indebted to Jonathan B. Borak, MD, DABT, Yale University School of Medicine,
New Haven, CT, Daniel A. Henry, MD, FACR, Virginia Commonwealth University School of
Medicine, Richmond, VA; and John Howard, MD, MPH, JD, LLM, and Frank Hearl, PE,

NIOSH, CDC, Washington, DC, for their review and valuable contributions to the preparation of

thig manual.
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OCCUPATIONAL HEALTH PROGRAM FOR EXPOSURE TO
CRYSTALLINE SILICA IN THE INDUSTRIAL SAND INDUSTRY

SECTION 1—INTRODUCTION

Industrial sand is used in a wide variety of manufacturing and industrial processes. It is
an indispensible ingredient in glass — it becomes walls and windows of buildings, mirrors, light
bulbs, eyeglasses, and even windows for spacecraft. It is used as a proppant in the hydraulic
fracturing process by the oil and gas industry to restore or increase oil and gas production. It is a
raw material for many whiteware ceramics such as earthenware, stoneware, and porcelain.
Industrial sand is a raw material for the production of Portland cemeﬁt and is extensively used
for water filtration.

The resistance of industrial sand to heat makes it a necessity to ferrous and nonferrous
foundries and to steel mills, which use it as a surface lining in conveying, casting, and molding
molten metals. Ground silica is an ingredient in fiberglass and paints. Nearly all industries in the
U.S. and abroad use silica sand in some way, and for most of the industrial sand used, there are
no known suitable substitutes,

The exposure to airborne respirable crystalline silica remains a significant occupational
hazard encountered by the industrial sand workforce. The primary health risk is from the
inhalation of respirable crystalline silica dust, which may result in the occupational lung disease
silicosis. Respirable crystalline silica from occupational sources has been designated as a
carcinogen by the International Agency for Research on Cancer (IARC). Other evidence has
linked exposure to respirable crystalline silica with the increased incidence of several

autoimmune disorders, diseases affecting the kidneys, tuberculosis, and other non-malignant
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respiratory diseases. The recognition, evaluation, and control of exposures to respirable
crystalline silica have long been of concern to the occupational health profession and to NISA.

The primary purpose and intent of this manual is to provide mechanisms by which
individual NISA member companies can properly and systematically monitor the environmental
aspects of dust exposures at their operations and the respiratory health status of employees.
Ultimately, this manual serves as a guide for adequately protecting the workforce from the
effects of respirable crystalline silica. The material presented in this manual is organized into
separate sections in a logical sequence providing the rationale for and the various interrelated
required components to be considered in developing an ongoing occupétional health program.
The manual consists of three major sections—health effects of exposure to crystalline silica, dust
surveys, and medical surveillance—which are summarized below.

HEALTH EFFECTS OF EXPOSURE TO CRYSTALLINE SILICA

The section of the manual on “Health Effects of Equsure to Crystalline Silica” contains
a general review of the human respiratory system, how silica is deposited in the body, and how
the body deals with the silica particles followed by a bésic review of the health impacts
associated with exposure to respirable crystalline silica. An introduction to the concepts
associated with medical health surveillance and the ability to use this information in
epidemiological studies is then covered. The section wraps up with a discussion of occupational
exposure limits for respirable crystalline silica.

WORKPLACE DUST SURVEYS

The section titled “Workplace Dust Surveys” consists of recommendations for collecting
and analyzing air samples to evaluate exposures of workers to respirable crystalline silica. The

procedures are presented in a language and format intended to be used by a safety officer,
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laboratory technician, quality control analyst, or any person within a company who has
responsibility for the industrial hygiene program. This section includes procedures for
conducting sampling using 10-millimeter Dorr-Oliver cyclones for personal .and area sampling as
well as the utilization of direct reading instruments.

MEDICAL SURVEILLANCE

The section titled “Medical Surveillance™ presents criteria for a medical surveillance
program designed for the early detection of pulmonary disease. Much of this section relates to a
respiratory medical surveillance program and prescribes both baseline and periodic medical
surveillance of the workforce. Procedures by which the medical information is to be obtained are
described in detail. The section is intended for health professionals since the health surveillance
program must be the responsibility of those trained in evaluating and interpreting data related to
exposure to respirable crystalline silica. However, any member company employee or employees
who have responsibility for the safety and health program should have a working knowledge of
the elements of the medical surveillance program.

The data collected using the criteria presented in this section will be the basis for
maintaining surveillance of employees’ responses to exposures to respirable crystalline silica and
for future epidemiological studies.

SUMMARY

This manual is the basis for an OHP for dust exposure and medical assessments to
respirable crystalline silica for NISA member companies. The contents of this manual offer a
means of protecting workers’ health from exposure to respirable crystalline silica and provide a

source of data for epidemiological studies of the industry.
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SECTION 2—HEALTH EFFECTS OF EXPOSURE
' TO CRYSTALLINE SILICA

THE HUMAN RESPIRATORY SYSTEM

Only a small portion of the dusts that are breathed in and enter the lungs are deposited
and remain there; the rest leave the lungs when a person exhales. Some dust particles that remain
behind are later removed by lung clearance mechanisms. However, the deposited dust particles
that remain behind may be capable of causing local injury to the lung. Understanding how dust
particles get into and are deposited in the lung, and how some remain and others are removed,
requires information about the human respiratory system. The following discussion provides
some introductory material on this subject.

Description of the Respiratory Tract

The lungs provide a means of exchanging oxygen needed by the body’s cells as well as a
means of removing carbon dioxide, a waste product produced as cells use oxygen. This process
is referred to as gas exchange. As shown in Figure 2-1, air entering through the nose or mouth
passes immediately into the pharynx and then into the larynx, or voice box. From this point, the
air enters the trachea, or windpipe (the beginning structure of the lung), which then divides into
the right and left bronchi. The bronchi divide into successively smaller branches called
bronchioles. As these air passages progress further into the lungs, the total cross-sectional area
increases, resulting in a slowing down of the air. The trachea, bronchi, and larger bronchioles are
lined with a mucus membrane and cells that are covered with cilia. The cilia, minute hairlike
structures, constantly lash back and forth in the mucus, which moistens the airway walls. This

process is called mucociliary action (See Figure 2-2).
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FIGURE 2-1—HUMAN RESPIRATORY SYSTEM

Beyond the terminal bronchioles are alveolar (air) sacs whose walls make up extremely
small air-filled cavities called alveoli that are only 150—400 micrometers in diameter (400
micrometers 18 0.015 inches). The walls of the alveoli contain pulmonary capillaries (extremely
small blood vessels) within which the oxygen and carbon dioxide gas exchange (transfer) takes
place.

There are approximately 300 million alveoli in the [ung, along with 14 million alveolar
ducts. The total surface of these 300 million alveoli and 14 million alveolar ducts is
approximately 90 square yards, which is roughly the size of a tennis court. The surface area
depends on individual factors such as age, sex, body structure, and state of health,

Because of the delicate and complicated structure of the thin walls that separate the
alveolar air spaces from the bloodstream (capillaries), the lungs are in a weak position to resist

injury from airborne dust particles that become deposited in the alveoli. Fortunately, the larger
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airborne particles are deposited in the twisting air passages through which the air must pass and
are quickly removed.by ciliary clearance that takes place along these airways. In a small
percentage of cases, however, these defenses are overrun by smaller particles, which are
deposited in the alveoli, where harmful reactions may occur. When these natural defenses are

overrun by small crystalline silica particles, silicosis can develop.
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FIGURE 2-2—MUCOCILIARY ESCALATOR

Influence of Particle Size on Deposition
Small dust particles capable of entering the lungs and being deposited there are
influenced by three primary means:
1. Inertial impaction.
2. Gravitational settling (sedimentation).
3. Diffusion (Brownian motion).
These three mechanisms and examples of how the branching of airways influences deposition

are shown in Figure 2-3. [nertial impaction occurs when inhaled particles being carried along in
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an airway are unable to change direction and travel around the turns where airways branch and
divide. The forward motion, or momentum, of the particle carries it on its initial path so that it
collides with the airway wall and comes to rest. With gravitational settling or sedimentation, as
the airways branch and become smaller and smaller, the dust particles slow because the total
cross sectional area of the airways is increasing. As the dust particles slow, they settle out
because of the influence of gravity and come to rest on the airway walls or surfaces of the
alveoli. An example of gravitational settling can be seen when a shaft of light enters a darkened
room and small dust particles are seen floating and falling through air. The third mechanism of
deposition in the lungs is diffusion, or Brownian motion. All airborne particles move randomly
as a result of being constantly bombarded by gas molecules in the air. Particles less than 0.5
micrometer in diameter, especially those less than 0.1 micrometer in diameter, have such a small
volume and mass that they have significant Brownian motion. A micrometer is extremely small

(1 micrometer is equal to 1/39,000™ of an inch). For comparison, a human hair

Impaction

Sedimentation
Diffusion

FIGURE 2-3—PRINCIPAL MECHANISMS OF DUST DEPOSITION IN THE LUNG
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is approximately 90 micrometers in diameter. The movement of these very small particles is
completely random, and if a particle is in close proximity to the alveolar wall, it is likely to be
deposited due to impacts with the gas molecules in this fashion.

As the dust particles become smaller and smaller, the first two mechanisms, impaction
and sedimentation, become less effective since the smaller particles are able to change direction
in the airways and avoid colliding with the airway wall. Similarly, as particles become smaller,
they are less likely to settle out and instead continue to be moved along by air currents in the
airways. It is only the smallest of dust particles (below one micrometer) that are captured by the
diffusion process. The velocity in the airways also affects where dust particles will be deposited.
The higher the velocity in an airway, the more effective inertial impaction will be in removing
particles since they are less able to change direction. The opposite is true for both gravitational
settling and diffusion. The slower the velocity, the more the particles will be able to settle out,
and the more likely they are to come into contact with an airway wall through random Brownian
motion. Based on these physical laws and the knowledge of airflow patterns during the
respiratory cycle, one clan make the following predictions: The coarsest particles found in
industrial dust exposures (10 micrometers and larger in diameter) will be deposited largely by
impaction in the nasal chamber, owing to relatively high air velocities in this entrance structure.
To a lesser extent (and with decreasing effect), inertial deposition will also take place at points of
branching as the dust-laden air descends through the passageways of the upper respiratory tract.
Although the rate of gravitational settling is greatest for the coarsest particles, the probability of
removal by this mechanism increases with depth of penetration into the respiratory structure
owing to two facts—the decreasing distance of fall to the fixed surface of the increasingly

smaller airways, and the longer time available for settlement as the air velocity decreases. The
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alveolar spaces provide ideal settling chambers because of their minute size and the nearly still
air conditions that prevail. Removal by diffusion is significant only for particles that are less than
one micrometer and is especially favored in the tiny alveoli.

The importance of the mechanisms that affect where dust particles are deposited in the
lungs is medically important. To be capable of causing silicosis, silica dust particles must reach
the alveolar region and be retained there for long periods of time. Not all of the dust that
penetrates to the alveolar region is retained. Some of the dust is exhaled without deposition, and
some is quickly removed from the lung by the protective mechanisms discussed below.

Fate of Deposited Dust

Within the alveoli are specialized cells called macrophages that are released in large
groups when stimulated by foreign bodies such as dust or bacteria. The macrophages surround
and engulf the dust particles deposited in the lung. Some of the dust-laden macrophages, which
are able to move freely within the air spaces of the lung and alveoli, are removed from the lung
via two different pathways:

1. Mucociliary escalator. The macrophages that have engulfed dust particles move from the
alveolar region to the bronchioles, which, as discussed above, are lined with a mucus film
and special hair cells that sweep back and forth, The dust-laden macrophages and other large
dust particles that are deposited in the upper respiratory system are swept along on the mucus
layer until they reach the mouth where they are either swallowed or spat out. Since the
digestive system is much more capable of coping with foreign particulate matter than is the
respiratory system, the swallowed particles seldom do any harm. Most of the dust deposited

in the alveolar spaces is removed in this manner,
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2. Lymphatic system. Dust-laden macrophage cells may pass through the alveolar walls of the
lungs into the lymphatic system, which starts as a network of fine vessels that drains the
tissue spaces of lymph. These lymph vessels come together to form larger and larger vessels
that eventually discharge the lymph into the bloodstream (see Figure 2-4). At the various
branching points (bifurcations) of the trachea and the bronchi, the lymph passes through
glands (called lymph nodes), one of whose functions is to filter foreign bodies. Hence, a great
deal of particulate matter is deposited by the macrophages at the lymph nodes, where fibrosis
of healthy tissue often starts. Other dust-laden cells may be deposited and remain on the

alveolar walls where, again, fibrosis can be initiated.
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FIGURE 2-4 — POSITION OF LYMPH NODES IN THE RESPIRATORY SYSTEM

PNEUMOCONIOSIS

r

In general, the human respiratory system’s reaction to any inhaled particle (dust, pollen,
bacteria, etc.) depends directly on the size, form, concentration, and chemical composition of the

particle. At least seven types of reactions are possible—irritation of the nose and throat, allergic
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reaction, metal fume fever, pneumoconiosis, systemic reaction, radioactive damage, and
carcinogenic damage. Of these, pneumoconiosis is the primary concern with silica-containing
dusts. The issue of silica and lung cancer will be discussed later in this section.

The term pneumoconiosis means “dust in the lungs” and is defined in medical terms as
the accumulation of dust in the lungs and the tissue reactions to its presence.’ The inhalation of
many types of dust, over a long period and at excessive concentrations over the permissible
exposure limit (PEL), can result in scar tissue forming in the hungs, referred to as pulmonary
fibrosis. The general term for this type of reaction to dust is pneumoconiosis; similar medical
conditions take their names from the type of dust involved. The condition is termed silicosis for
silica exposure, asbestosis for asbestos exposure, coal worker’s pneumoconiosis for coal dust
exposure, and so forth. The fibrosis or scarring that takes place in the lung from silica exposure
is similar to a cut on the skin that in healing produces a scar. The pulmonary fibrosis is
permanent; once the scarring forms, it will not go back to being healthy tissue.

SILICOSIS

Three types of silicosis can be produced when dusts containing crystalline silica are
retained in the lung: chronic silicosis, accelerated silicosis, and acute silicosis.

Chronic Silicosis

Chronic silicosis 1s the most common type of silicosis. It results in scarring (pulmonary
fibrosis) in the lungs and occurs after many years, usually 10-30, of breathing too much
respirable crystalline silica.” Chronic silicosis is further divided into two different types, simple -
silicosis and complicated silicosis.

Simple silicosis is the term used to describe the mildest and earliest form of chronic

silicosis. Workers with simple silicosis usually feel normal and have no physical symptoms. The
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fibrosis in simple silicosis occurs mainly in the top most portion of the lungs (upper lung zones)
and appears on the chest X-ray as small (1-10 millimeters), well-defined, rounded scarring
(nodular lesions). If the fibrosis progresses, these nodular lesions can increase in number and size
and be distributed within the lung zones.

Complicated silicosis results when these small lesions increase in size and grow together
(coalesce) into larger lesions, appearing on a chest X-ray to be greater than 4/10 of an inch (1
centimeter). A worker with complicated silicosis will have symptoms ranging from minimal
complaints, such as a chronic cough with mucus production, to serious shortness of breath and
rapidly occurring respiratory failure. The breathlessness is related to a loss in the ability of the
lung to expand, which reduces the amount of air the lung can contain (lung volume). The
condition can become worse and be disabling or even fatal.

Accelerated Silicosis

Accelerated silicosis results from breathing in very high concentrations of crystalline
silica over a relatively short period (5-10 years), whereas chronic silicosis may take as many as
10-30 years to develop.® Although accelerated silicosis develops in a pattern similar to that of
simple silicosis, with rounded scarring (nodular lesions) in the upper portion of the lungs, the
time from first silica exposure to the beginning of disease and the worsening to complicated
disease are much faster than with chronic complicated silicosis. This type of the disease is life
threatening, and death may occur, as a result of insufficient levels of oxygen in the blood, in as
little as 10 years.

Acute Silicosis

Acute silicosis is the most destructive and serious type of silicosis and develops from

breathing in extremely high concentrations of crystalline silica over a period ranging from as
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234 Acute silicosis differs from the other two types of silicosis in

little as a few weeks to 5 years.
that the rounded scarring (nodular pattern) is absent. Instead, the chest X-ray’s appearance is
more similar to that of pneumonia (a hazy white timage called “diffuse ground glass pattern” by
doctors), resulting from the air spaces (alveoli) filled with a thick mucus (fluids and cells).
Symptoms of acute silicosis include cough, weight loss, and fatigue and may progress rapidly to
respiratory failure over a period of several months. Death can occur after a few months from lack
of oxygen in the bloodstream. Acute silicosis has been reported among workers who engage in
sandblasting and drilling through silica-containing rock; in the early 1980s, the condition
occurred in some ground silica workers. In these situations, exposures have been uncontrolled,

and measured silica levels have been found to be 10 to 30 times the MSHA PEL.

TUBERCULOSIS AND OTHER INFECTIONS

As silicosis progresses, it may be complicated by mycobacterial or fungal infections.*
The most common of these infections is tuberculosis (TB). TB occurs when the alveolar
macrophages are overwhelmed by silica dust and are unable to kill the infectious tuberculin
bacteria (mycobacterium tuberculosis). Other mycobacterial infections include mycobac{erium
kansasii and mycobacterium avium-intracellulare. Fungal infections associated with silicosis
include cryptococcus and nocardia asteroids. The New Jersey Department of Health
recommends that tuberculin tests be administered to persons with silicosis as well as to those
without silicosis who have at least 25 years of exposure to silica’

SILICA AND LUNG CANCER

Whether crystalline silica exposure 1s related to lung cancer in humans has been strongly
debated among scientists.* In 1996, the IARC reviewed the published studies of cancer in

laboratory animal experiments and in studies of workers exposed to respirable crystalline silica
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and concluded there was “sufficient evidence in humans for the carcinogenicity (associated with

cancer) of inhaled crystalline silica in the form of quartz or cristobalite (two different types of

crystalline silica) from occupational sources.” TARC is part of the World Health Organization

and is responsible for coordinating and conducting research on the causes of cancer and how

cancers develop, and for developing strategies for controlling cancer. In the same year, the

American Thoracic Society (ATS) adopted an official statement describing the adverse health

effects of exposure to crystalline silica, including lung cancer.” The ATS is a professional society

of physicians and scientists that study and treat lung diseases. The ATS found the following:

1. The available data support the conclusion that silicosis produces increased risk for lung
cancer.

2. However, less information is available for the lung cancer risk among silicotics who never
smoked and workers who were exposed to silica but did not have silicosis.

3. Whether silica exposure is associated with lung cancer in the absence of silicosis is less
clear.

NIOSH is a U.S. government organization responsible for conducting occupational health
and safety research and recommending measures to OSHA and MSHA to prevent occupational
illness and injury. NIOSH has reviewed the studies considered by IARC and ATS, and NIOSH
agrees with the conclusions of IARC and the ATS.**” NIOSH recommends that crystalline silica
be considered a potential occupational carcinogen.® NIOSH believes further research is needed to
determine whether non-smoking workers exposed to increasing levels of silica dust are at
increased risk for lung cancer and to determine why lung cancer risks appear to be higher in
workers with silicosis. To reduce the risk of developing lung cancer, workers who smoke should

make an effort to quit; all workers should take measures to prevent breathing in silica dust.
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CHRONIC OBSTRUCTIVE PULMONARY DISEASE

Chronic obstructive pulmonary disease (COPD) is a slowly progressing disease of the
airways characterized by a gradual loss of lung function.” COPD is a term used to describe two
related lung diseéses: chronic bronchitis and emphysema. '’ Chroﬁic bronchitis is inflammation
and may result in eventual scarring of the bronchi (airway tubes). Emphysema is enlargement
and destruction of the alveoli within the lungs. Many persons with COPD have both of these
conditions. Persons with COPD have difficulty breathing because they develop smaller air
passageways and have partially destroyed alveoli. The air passageways also become clogged
with mucus. Smoking cigarettes is the most important risk factor and cause of COPD. About 80
to 90 percent of COPD cases are caused by smoking, and a smoker is 10 times more likely than a
nonsmoker to die of COPD. The best way prevent or keep COPD from getting worse is to quit
smoking.'! Breathing in excessive amounts of dust, fumes, smoke, gases, vapors, or mist at work
over a long period may also cause COPD.*"2 COPD caused by breathing dusts is not limited to
dusts containing silica. As discussed above, it is generally accepted that occupational dust
exposures, including dusts containing silica, are a cause of chronic bronchitis. Studies of South
African and Australian gold miners and U.S. coal miners have found a relationship, independent
of smoking, between exposure to mine dusts and chronic bronchitis.” U.S. studies of
molybdenum mineré, uranium miners, and taconite miners have not found a relationship,
independent of smoking, between dust exposures and bronchitis.*

It has been known for many years that miners exposed to coal dust have an increased
prevalence of emphysema, but .its prevalence among non-coal-exposed workers is not as clear.*
Studies of emphysema in workers exposed to dusts, including dusts containing silica, show

conflicting results, and it is not clear whether silica exposure is associated with emphysema in all
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exposed workers or mainly in silica-exposed workers who smoke.* NIOSH reviewed five
studies, one that indicating a relationship with emphysema independent of smoking and two
others that found no relationship between emphysema and years of mining."'*"* The fourth
study found that workers who smoked and were exposed to high dust were more likely to have
emphysema, but the results among non-smokers were not interpretable since only four of 1553
miners were non-smokers.'® The fifth study of 242 non-smoking miners did not find a
relationship between the severity of emphysema and lung function measurements, years of gold
mining, cumulative dust exposure, or severity of silicosis.’

AUTOIMMUNE DISEASES

There have been a number of medical reports describing autoimmune diseases among
workers exposed to silica. The most frequently reported autoimmune diseases related to silica
exposure have been scleroderma, systemic lupus erythematous (lupus), and rheumatoid arthritis.
There are more than 80 types of autoimmune diseases, and some have similar

181920212223 The immune system protects the body from disease and infection. With

symptoms.
autoimmune disease, one’s own immune system mistakenly attacks healthy cells in the body.
Though little is known about the specific causes of autoimmune diseases, medical experts have
determined there 1s a genetic component as well as an environmental agent that triggers the
autoimmune process. For unknown reasons, about 75 percent of autoimmune diseases oceur in
women, most frequently during the childbearing years. It has been difficult to conduct acceptable
studies of some autoimmune diseases (for example, scieroderma and lupus) in silica-exposed

workers because the disease 1s rare and because there are not a sufficient number of workers

exposed.”*” NIOSH concluded that further clinical and immunologic studies are needed to
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characterize the relationship between occupational exposure to crystalline silica and autoimmune
. 4
diseases.

KIDNEY DISEASE

Kidneys filter waste from the blood and remove it from the body as urine. Kidneys also
release hormones that regulate blood pressure and stimulate the bone marrow to make red blood
cells. When damaged, the kidneys cannot remove the waste as efficiently, and chronic kidney
disease (CKD) can develop. Almost 20 million people in the U.S. have some type of CKD.
Common causes and risk factors of CKD are high blood pressure, diabetes, heart disease, and a
family history of kidney failure. Without proper treatment, CKD can lead to kidney failure
requiring kidney dialysis or transplant. The factors relating to silica exposure and CKD are not
well understood.! Silica may directly affect the kidney, thus causing injury, or kidney failure
may be the result of an autoimmune injury similar to scleroderma, lupus, or rheumatoid arthritis.

Seven studies have found associations between occupational exposure to silica dust and
kidney diseases such as end-stage renal disease, glomerulonephritis, chronic renal disease, and

26,27,28,29,30,31,32 . : .
27, However, only four studies analyze whether the workers with

systemic vasculitis.
higher exposure have more kidney disease.”’~**'*? One of found no increase in end stage renal
disease overall, but did ﬁﬁd an increase for one specific type of kidney disease
(glomerulomephritis).”” The Steenland et al. study found a relationship between increased silica
exposure and end stage renal disease.” The deKlerk study found no relationship between end
stage renal disease and silica, and it also failed to find an increase of end stage renal disease in
workers with silicosis (evidence of heaviest exposure).” In a study of 2,670 industrial sand

workers, researchers did not find any deaths from kidney disease related to increased levels of

silica exposure.32 There are two other studies that failed to find an increase of CKD in silica-
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exposed workers. One study found an increase of renal failure among 583 workers diagnosed
with silicosis, but renal failure was not related to the number of years exposed to silica or to the
stage of silicosis by chest X-ray results.” Surprisingly, when this study was repeated and more
workers diagnosed with silicosis were included (1328 workers), no increase in kidney failure was
found.*" Overall the studies of silica and associated kidney disease are not reliable enough to
conclude that silica exposure causes kidney disease, although it might be the case. It is possible
that this casual link may be answered if and when more reliable studies are conducted in the
future.

OCCUPATIONAL MEDICAL SURVEILLANCE

The medical surveillance program, discussed in detail in Section 4, 1s structured to collect
information to be used for three primary purposes: baseline evaluations, periodic health status
evaluations, and epidemiological surveys.

Baseline Evaluations

The baseline evaluation has many advantages, two of the more important being (1) to
assess whether the employee is physically capable of performing essential job functions safely,
and (2) to develop baseline information on the individual for use in assessing future changes. The
evaluation can also sometimes detect non-occupationally related conditions.

Periodic Health Status Evaluations

Periodic evaluations should be made for early detection of occupational illness and for
identifying jobs and operations that pose a hazard and require further evaluation. When
abnormalities are detected, whether or not they are occupationally related, they should be

disclosed to the employee with appropriate medical follow-up, as recommended by a physician.
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Epidemiological Surveys

It is important to collect medical data in a consistent and systematic manner that can be
used to detect whether higher than normal cases of occupationally related diseases are occurring
and to determine whether the incidence is correlated with occupational exposure or other factors.
Epidemiological surveys depend on large numbers of employees to detect, or discount, adverse
health effects, necessitating collective, uniform databases for smaller industries such as the
industrial sand industry.

OCCUPATIONAL EXPOSURE LIMITS

MSHA adopted an exposure limit for crystalline silica in surface metal and nonmetal
mines from the 1973 Threshold Limit Values (TLVs®™) established by the American Conference
of Governmental Industrial Hygienists (ACGIH).” OSHA adopted a PEL for crystalline silica as
quartz in general industry that pertains to the regulation of industrial sand in manufacturing
operations from the 1968 TLVs®.*® TLVs® refer to airborne concentrations of substances and
represent conditions under which it is believed that nearly all workers may be repeatedly exposed
day after day without adverse health effécts. As it turns out, although the sources for the adopted
respirable quartz PELs are slightly different for OSHA and MSHA, the corresponding formulas
and consequently the PELs are the same.

TLVs® for substances that produce chronic effects, such as crystalline silica, are based on
a time-weighted average concentration for a normal 8-hour workday and a 40-hour workweek.
The MSHA exposure limit for respirable dust that contains quartz, expressed in milligrams per

cubic meter, is determined from the following formula:

10
Quartz+2

Quartz(Respirable) =
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Below are examples of the calculation of the exposure limit for a respirable dust
containing different percentages of respirable quartz.

Example 1

The following example shows how to calculate the exposure limit for respirable dust

containing 10 percent quartz:

_ _ 10
PEL = 10 + 2

10
12

— 0.83mglm>

Example 2

The following example shows how to calculate the exposure limit for respirable dust

containing 70 percent quartz:

_ _ 10
PEL = 70 + 2

10
72
_ 3
=0.14mg/m

The ACGIH Threshold Value Committee determined that cristobalite, one of the three
major crystalline forms of crystalline silica, demonstrated a more severe response than quartz in
animal studies and produced a diffuse rather than a nodular fibrosis. Therefore, ACGIH

recommended a lower threshold value for cristobalite. The MSHA exposure limit for respirable

31



National Industrial Sand Association

cristobalite is one half the value for quartz. The exposure limit for respirable dust containing

cristobalite is determined from the following formula:

PEL = 10 (0.5)
% Cristobalite + 2

NIOSH was authorized under the 1970 Occupational Safety Act. One of its
responsibilities under the Act was to conduct research and recommend workplace standards for
OSHA. Later, this NIOSH responsibility was added for MSHA under the 1977 Mine Safety and
Health Act. Tn 1974, NIOSH established a recommended exposure limit of 0.05 mg/m’ as a 10-
hour TWA for respirable crystaliine silica to prevent the risk of silicosis from occupational
exposure.3 7 In 1989, NIOSH identified crystalline silica as a potential occupational carcinogen.®

In 2005, the ACGIH revised its current crystalline silica exposure limit by adopting a
TLV of 0.025 mg/m’ for all three common forms of crystalline silica (quartz, cristobalite, and
tridymite).*® Table 2-1 outlines the MSHA and OSHA federal legal standards for silica exposure
and the guidelines of NIOSH and the ACGIH regarding occupational silica exposure. Hazard
communication standards in the U.S. and other countries often require that legally enforceable
and other recommended occupational exposure limits be transmitted by various means to end
users. Appendix A contains a listing of the current occupational silica standards and guidelines

for various countries at the time of the preparation of this manual.
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Reference | Substance Guideline or Limit (mg/m3)

MSHA Respirable dust containing PEL = 10 + % quartz + 2 (8-hr
quartz in underground surface TWA)
metal and nonmetal mines

OSHA Respirable dust containing silica, | PEL = 10 + % quartz + 2 (8-hr
quartz TWA)
Respirable dust containing silica, | PEL = half of value calculated from
cristobalite the formula for quartz (8-hr TWA)
Respirable dust containing silica, | PEL = half of value calculated from
tridymite the formula for quartz (8hr TWA)

NIOSH Respirable crystalline silica REL = 0.05 (for up to a 10-hr

workday during a 40-hr workweek)
ACGIH Respirable crystalline silica:

a-Quartz

Cristobalite

TLV = 0.025 (8-hr TWA)

TLV = 0.025 (8-hr TWA)

TABLE 2-1—10.S. GUIDELINES AND LIMITS FOR OCCUPATIONAL EXPOSURE TO
CRYSTALLINE SILICA AND RESPIRABLE DUST CONTAINING CRYSTALLINE SILICA
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SECTION 3—WORKPLACE DUST SURVEYS

PURPOSE

The primary purpose of dust sampling recommended in this manual is to characterize the
environment in the breathing zone of individual workers to evaluate their work exposure.
Breathing zone samples are collected within a few inches of the worker’s nose to determine the
amount of respirable dust the worker inhales during the workday. Worker dust exposure
assessments can be used for comparison with occupational exposure limits and as a measure of
dose in epidemiological studies; other reasons include evaluating the effectiveness of
engineering controls, changes iﬁ dust Ievels as a result of process changes, and the adequacy of
personal protective devices such as respirators.

In some situations area sampling is conducted by placing samplers at strategic locations
in the workplace to measure concentrations of dust in the general workplace air. For the purposes
of this program, afea sampling may be appropriate to document dust levels in work areas thought
to be relatively dust free, such as offices, laboratories, and lunchrooms. Area sampling can also
be used to evaluate dust sources and the effectiveness of engineering controls, work practices,
and administrative controls.

In other situations, personal data real-time aerosol monitor (PDR) sampling is conducted
by affixing the instrument to an individual or by placing instruments at strategic locations in the
workplace. The PDR provides instantaneous quantification of airborne respirable dust levels
within the workplace; this information can be used to confirm attempted improvements in dust

control or, conversely, to identify improvement opportunities.

The goal of this section of the OHP is to collect sufficient personal breathing zone

samples from all employees exposed to industrial sand so that cumulative individual exposure
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assessments can be made. The order of preference for interpreting personal exposures based on

air sampling is as follows:

1. Employee’s personal breathing zone sample.

2. Estimates of exposure based on averaging measured exposures of workers engaged in similar
activities or similar exposure groups.

3. Estimates of exposure based on general area sampling accompanied with appropriate time-
motion studies.

RESPIRABLE DUST SAMPLING

The level of airborne dust present at any given work site depends on several factors: the
type of task being performed and how that task is being performed; the physical (wet or dry)
state of the material being handled, the size of the particulates, and the nature and location of the
work site, (for example, an enclosed or open space).

The airborne dust to which the industrial sand worker is exposed is generally considered
to be 1n one of two classes:

[. Respirable particulates that are small enough to be inhaled into the lung (generally less than
10 micrometers in diameter).
2. Non-respirable particles that are too large to be respirable and generally do not enter the deep

lung region.
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FIGURE 3-1—RESPIRABLE DUST SAMPLING SETUP

Respirable dust sampling 1s performed using a sampling train consisting of (1) a cyclone
separator and filter assembly, (2} a sampling pump, and (3) tubing to connect the cyclone and
pump (Figure 3-1). The cyclone assembly is a two-stage sampler that separates the larger
particles in the dust and allows the smaller particles to pass through the cyclone, where they are
collected on a filter for analysis (Figure 3-2). The fraction of dust collected on the filter

represents the dust that is capable of penetrating into and being retained in the lung (respirable

dust).

Respirable Sampling Equipment

1. Size-selective device. Respirable dust samples are collected using a two-stage, 10-millimeter

nylon cyclone size-selective sampler that meets ACGIH criteria.
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FIGURE 3-2—10-MILLIMETER CYCLONE (1.7L DORR -— OLIVER) WITH FILTER

2. Filters and filter holders. The cyclone assembly is connected to a two-piece 37-millimeter
cassette containing a collecting medium that consists of a 37-millimeter, low-ashing
polyvinyl chloride (PVC) filter with a 5.0-micrometer pore size. Duplicate filters or blanks
are subjected to identical handling but do not have air drawn through them and are submitted
with sampled filters to serve as controls. For each day of sampling, one blank filter or a
number equal to approximately 10 percent of the total number of filters submitted for
analysis, whichever is greater, should be sent to the laboratory.

3. Backup pads. A backup pad is used to support the PVC filter inside the cassette.
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4. Personal sampling pumps. A portable battery-operated pump that will draw 1.7 liters of air
per minute for at least 8 hours is used as a vacuum source. Sampling pumps equipped with
flow-compensating features automatically maintain the desired flow rate as dust loading on

the filter increases. These pumps are recommended because of their inherent accuracy.

Calibration of Sampling Train

Since the accuracy of a dust sample is no greater than the accuracy of the volume of air
measured, proper calibration of the sampling pump is essential for correct interpretation of the
pump’s indicated flow rate. The performance or ability of the 1.7 L Dorr-Oliver cyclone to
separate the respirable fraction of the dust, smaller than 10 microns, from the non-respirable
fraction, is reliant upon a flow rate of 1.7 liters per minute (Ipm). Flow rates less than 1.7 Ipm
will allow particles exceeding 10 microns to be collected, causing an over-reporting situation.
Conversely, flow rates exceeding 1.7 Ipm can cause under-reporting. Any error in the assumed
airflow rate through the collecting filter will result in a corresponding error in the final
calculation of the dust concentration. Therefore, descriptions of two calibration techniques used
for pumps in connection with this dust monitoring program are provided below. Both techniques
utilize the “bubble meter” method as the primary standard.

The most widely used technique is the electronic digital readout calibration device
because of its speed and ease of use. These devices require recalibration by the manufacturer
from time to time to ensure their accuracy.

The secondary procedure is based on the use of a glass burette. While it is accurate,
simple, relatively inexpensive, and scientifically accepted as a primary standard, this method is
considerably slower, requires preparation time, énd involves conversion factors in determining

flow rates.
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ELECTRONIC FLOW APPARATUS AND CALIBRATION METHOD
Apparatus

1. An electronic flow calibrator. These calibration instruments are highly accurate electronic
bubble flow-meters that prévide instantaneous airflow readings and cumulative averaging of
multiple measurements. They measure the flow rate of gases and present the results as
volume per unit of time, e.g., liters per minute (Figure 3-3).

2. A jar or other container with an opening large enough to admit the sampling head (cyclone
assembly) and an airtight lid fitted with two tubing connectors. (Note that jars are
commercially available for this purpose.)

3. A sampling head (10-millimeter nylon cyclone assembly with an assembled 37-millimeter
éassette and a S-micrometer pore size, 37-millimeter-diameter PVC filter, and backup pad;
see Figure 3.2).

4. A battery-powered portable sampling pump capable of producing a flow of 1.7 lpm with the
sampling head in place.

5. Connecting tubing (flexible PVC with an outside diameter of 3/8 inch and an inside diameter
of 1/4 inch).

6. A soap solution or equivalent (for example, kids’ bubble solution).
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FIGURE 3-3—ELECTRONIC FLOW CALIBRATORS

Procedure

1. Assemble the apparatus as shown in Figure 3-4. Follow the manufacturer’s instructions
carefully; the steps listed below are usually outlined in the instructions.

2. Visually inspect the PVC tubing and connections for kinks, obstructions, cuts, etc.

3. Wet the inside of the electronic flow cell with the supplied soap solution by pushing on the
button several times.

4. Turn on the pump and adjust the pump to a flow rate of 1.7 lpm.

5. Press the button on the electronic calibrator, which in turn will automatically release a bubble
and measure the time it takes to traverse the detection zone. The accompanying readout or
printer will display or print out the calibration flow rate reading ..in liters per minute.

6. Repeat Step 5 until two consecutive readings are obtained that are within five percent of each
other and within = five percent of 1.7 Ipm.

7. If necessary, adjust the pump while it is still running, using the manufacturer’s recommended

procedures.
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8. Repeat the procedure for all the pumps to be used for sampling and record entries in the

calibration log.
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FIGURE 3-4—CALIBRATION OF CYCLONE RESPIRABLE DUST
SAMPLER USING AN ELECTRONIC FLOW CALIBRATOR

Burette Apparatus and Calibration Method (Manual)

Apparatus

1. A 1-liter burette for use as a soap-bubble meter.

2. A jar or other container with an opening large enough to admit the sampling head (cyclone
assembly) and an airtight lid fitted with two tubing connectors. (Note that jars are
commercially available for this purpose.)

3. A sampling head (10-millimeter nylon cyclone assembly with an assembled 37-millimeter
cassette and a 5-micrometer pore size, 37-millimeter diameter PVC filter, and backup pad;
see Figure 3-2).

4. A battery-powered portable sampling pump capable of producing a flow of 1.7 lpm with the

sampling head in place.
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5. Connecting tubing (flexible PVC with an outside diameter of 3/8 inch and an inside diameter
of 1/4 inch).

6. A timing device (for example, a stopwatch or electronic timer).

7. A support (a rectangular base with rod).

8. Two burette clamps.

9. A beaker or dish capable of fitting over the large opening of the burette.

10. A soap solution or equivalent (for example, kids’ bubble solution).

Tulng
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250 red o telifre frottie Sanpling pump

FIGURE 3-5—CALIBRATION OF CYCLONE RESPIRABLE DUST
SAMPLER USING A BUBBLE METER

Procedure

1. Assemble the apparatus as shown in Figure 3-5.
2. Calibrate the sampler as follows:
a. Record the name of the person doing the calibration, date, temperature, barometric
pressure, and pump serial number (see Appendix B, Form B-1, for examples of

calibration log entries).
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b. Calculate the time, at the existing temperature and barometric pressure conditions, for the
bubble to traverse the 1000-milliliter distance within the burette at a rate equivalent to 1.7
Ipm. The following formula can be used to determine the bubble traverse time. The
temperature (in degrees Celsius) and the barometric pressure (in inches of mercury) are
available through local weather reporting systems and National Weather Service radio

broadcasts. Conversion factors are listed below.

p o [ 35181 ),
273.16 + C

Where:
The = bubble traverse time, in seconds.
C = temperature, in degrees Celsius.
Py = barometric pressure, in inches of mercury (Hg).

The following example illustrates how to calculate bubble traverse time for a

temperature of 85°F (29.44°C) and a barometric pressure of 30.10 inches of mercury:

I - 351.51 30.10)
273.16 + 29.44

= 34.96

In this example, at a temperature of 85°F (29.44°C) and a barometric pressure of
30.10 inches of mercury, when a bubble traverses the burette in 34.96 seconds, the
corresponding pump flowrate will be 1.7 lpm.

The formula for bubble traverse time at standard atmospheric pressure (25°C and

760 mm Hg) was derived from the formula for basic flow rate:
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o (Vo[ RY 2984,
T \ K )\ 760

S

Where:
F = flow rate, in liters per minute.
Fin = measured volume, in liters,
T, = time, in seconds.
Py = barometric pressure, in millimeters of mercury.
K = temperature, in kelvins (see “Conversion Factors” below).

c¢. Switch the sampling pump on and set its flowmeter to 1.7 lpm.

d. Start the timer as the bubble passes the lower (0-milliliter) mark on the burette; stop the
timer as the bubble passes the upper (1000-milliliter) mark. Check the pump flowmeter
setting. If it has not changed (that is, it remains 1.7 lpm), record the flowmeter setting and
the timer indication to the nearest 0.1 second. Make at least three such measurements at
each flow setting.

e. Readjust the sampling pump’s flowmeter to achieve the calculated bubble traverse time
(Step b) and repeat Step d. Repeat this process until the calculated bubble traverse time is
achieved. Record and/or mark the sampling pump’s rotameter, if so equipped, or airflow
reading at which the calculated bubble traverse time was achieved, since this represents
the actual flow rate of 1.7 Ipm. For constant flow pumps, it may be necessary to refer to

the manufacturer’s recommended procedure for adjusting flow.
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Conversion Factors

Temperature, in kelvins

= Temperature, in degrees Celsius, plus (+) 273
Pressure, in millimeters of mercury

= Pressure, in inches of mercury, times (x) 25.4

Calibration Log

An accurate record of the calibration data must be maintained. A running log of the
calibrations performed on each sampling unit should be kept as part of the dust survey records.
The NIOSH Manual of Analytical Methods recommends that sampling pumps be calibrated with
each use and that this calibration be performed with the sampling device in line. It also
recommends that calibration records be maintained for each unit. Forms and examples of a
calibration log are found in Appendix B.

Because the accuracy of dust samplingrresults is only as good as the precision of the
instruments used, extreme care should be exercised in performing all calibration procedures. The

following list summarizes the philosophy of air sampler calibration:

1. Use care, and pay attention to detail.

2. Ensure that all sampling and calibration connections are as short and free from
constrictions and resistance as is possible.

3. Exercise care in reading scales and timers and in making adjustments.

4. Obtain enough data to provide confidence in the calibration measurements.

5. Maintain complete, permanent records.

6.  When calibration results differ from previously recorded results, determine the cause

before accepting the new data or repeating the procedure.
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Sampling Procedures

This subsection provides detailed, step-by-step procedures for collecting samples of airborne
respirable dust from the breathing zone of workers and from general work areas. The information
obtained from such samples will be entered into occupational exposure records and will be used
to make exposure characterizations of individual workers.

" Personal Sampling Procedure

To measure the amount of airborne dust to which a worker is exposed, prepare and calibrate
a personal sampling pump and sampling apparatus, as discussed above. The sampling head
(cyclone assembly) must be located in the worker’s breathing zone by attaching the cyclone
assembly to the upper lapel, collar, or another point on the worker’s clothing in an area bordered
by the right and left shoulders, upper chest, and forchead (see Figure 3-6).

Samples of airborne respirable silica from workers’ breathing zones are collected as follows:
1. Prepare and calibrate the sampling pump in accordance with the procedures discussed above.
2. Select the worker to be sampled, and inform the worker about the sampling process:

a. Inform the worker that the pump should not interfere with normal work procedures.

b. Instruct the worker not to cover the inlet of the cyclone, not to tamper with the cassette,
not to remove the sampler for any reason, and to keep the orientation of the sampler head
{cyclone assembly) in a vertical position.

c. Emphasize the need for the worker to continue to work in a routine manner and to report
any unusual occurrences during the sampling period.

d. Tell the worker what you are doing, what the sampling device does, and the reason for

the sampling (to evaluate exposure to respirable silica dust).
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¢. Inform the worker when and where the sampler will be removed and how to contact you
if a problem arises during sampling.

3. Assemble the sampling train as shown in Figure 3-2:

a. Confirm that the cassette is numbered with a sample identification code. The sample
number is to be noted on Form B-2, “Respirable-Dust/Silica Sampling Data Sheet” (see
Appendix B). If the cassette is not numbered, assign it a unique identification number that
can be used to identify the sample at a later time.

b. Remove the blue and red plugs from the cassette and place them in a plastic bag or other
clean, convenient location.

c. Assemble the cassette and cyclone as shown in Figure 3-2:

(i) Make sure the backup pad or metal screen is on top of (that is, on the pump side of)
the assembly. The dust-laden air is drawn into the cyclone and up through the filter.

(il) Make sure that all fittings are tight and that the cassette is secured to the lapel
holder. (Note: O-ring seals may need replacing due to aging if the seal with the
grommet of the cassette i1s not tight).

(i1i) Make sure the cyclone is properly attached and the fitting into the bottom of the
cassette is tight.

d. Insert the metal coupler on the end of the tubing into the outlet of the cassette and attach
the other end of the tubing to the pump inlet.

4. Attach the sampling train to the worker as shown in Figure 3-1:

a. Attach the pump to the worker’s belt, preferably in the back. It is advisable to have some
adjustable belts available for this purpose.

(i) Position the pump so it does not interfere with the worker’s activities.

(11) Position the pump so the exhaust port is not covered or obstructed.
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b. Attach the sampling train to the lapel or collar of the worker’s clothing in the breathing
zone. Attach the sampling train so the cyclone’s grit chamber is on the bottom of the
assembly and the filter side of the cassette is facing down. Be certain the inlet orifice of
the cyclone is facing away from the body of the worker and is not covered by articles of
clothing.

¢. Clip, pin, or tape the tubing to the worker’s clothing to reduce the possibility of its
nterfering with the worker’s tasks.

5. Prepare at least one blank filter or a number equal to approximately 10 percent of the total
number of samples submitted for analysis, whichever is greater, for each day of sampling.
The blank filter is used to determine the amount of weight change on the filter due to
outgassing from the cassette assembly. The amount of outgassing from the cassette assembly
is related to temperature fluctuation in the environment.

a. Do not remove the pre-sealed shrink band or the small plugs from the cassette. Mark the
shrink seal band with “BLANK?” for easy identification.

b. Subject the blank or control filters to the same time, temperature, and handling conditions
as the exposed filters; that 1s, take the blank filters to the location being sampled, or allow
the individual to possess/retain the filter cassette during the test, and treat the blanks the
same as the exposed filters when 1n the office or laboratory.

6. Collect the sample:

a. Turn on the pump; adjust the flow rate to a setting corresponding to 1.7 lpm, as
determined during the calibration procedure; and record on the sampling form the time,
the pump and filter numbers, and the worker’s location.

b. Observe the pump’s operation for a short time and adjust it as necessary to maintain a

calibrated flow rate of 1.7 Ipm.
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c. Check the pump’s flow rate and sampling train as frequently as is practical, for example,
at the end of the first half-hour of sampling and every two hours thereafter to ensure the
pump is operating properly, the filter 1s not becoming overloaded, and tubing and

connections are not leaking or kinked, as well as to ensure the proper flow rate.

Note: If a buildup of dust on the filter is apparent (that is, if the filter becomes overloaded), the cassette
should be replaced. If the pump motor is racing or running at a higher speed than when the test was started,

the filter may have excessive buildup and should be an indicator to change filters.

d. Record all pertinent information on the sampling data sheet:
(i) For pumps lacking constant flow capability, record pump and sampling-train
checks, any adjustments to the pump, the suspected reason for adjustments, and the
degree of adjustment (for example, “up 1/2 ball” or “down 1/4 ball”’) for pumps with
rotameters.
(11) If the cassette is changed because of overloading, record the new filter number
and the start time. |
(1i1)  Record the controls in use, provide a general description of the types of controls,
and state whether or not they seem adequate.
(iv)  Record potential sources of exposure, provide a general description of these
sources, state whether it is a routine or occasional source, and suggest possible additional
controls.
) Record the worker’s activity and equipment operating in the area throughout the
sampling period (see Appendix B, Form B-3).
e. Collect a full-shift sample. If the filter shows large visible deposits and the pump cannot
maintain a flow rate of 1.7 lpm, two or more consecutive samples may need to be collected.

7. Be at the location specified for sampler removal before the end of the shift.
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8. Collect the sampling train from the worker:

a. Before removing the device from the worker, turn off the pump and immediately record
the pump-off time.

b. Remove the sampling apparatus. For respirable dust sampling, carefully remove the
cyclone/filter assembly, making sure to keep the cyclone upright. This ensures accurate
measurements because it keeps the larger particles in the grit chamber from falling back
through the cyclone onto the filter.

c. Remove the cassette from the sampling train and reinsert the plugs in the cassette.

d. Place the blank filters with the exposed filters for later packaging and shipment to the
laboratory.

9. When sampling is completed, the filter must remain in the cassette. Do not tamper with the
pre-sealed shrink band. Package the exposed and blank cassettes securely in a container that
will maintain the integrity of the samples, and arrange for the samples to be transferred to the
laboratory for analysis. Include copies of the sampling forms and any other data needed by
the laboratory for calculating and reporting results.

10. Handle all equipment and supplies associated with the dust monitoring program with extreme
care. This is particularly true of the filters, since they can easily be contaminated. To avoid
problems such as fugitive dust, fluctuating humidity, and temperature gradients, a specially
designated room or area should be used for handling and storing supplies and for calibrating

equipment.
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FIGURE 3-6—PERSONAL BREATHING ZONE

General Workroom or Process-Area Sampling Procedure

For the reasons listed below, air sampling in general work areas may be a necessary part
of the ongoing dust monitoring program. This can be done with the same equipment used for

personal sampling.

1. For some job activities, it may be impractical to use personal sampling equipment on the
worker. In such cases, a reasonable estimate of time-weighted exposure can be made on the
basis of results from general areca sampling and appropriate time-motion analyses.

2. When a personal sample indicates exposure to anrexcessive concentration of respirable silica
dust, without the use of a real-time aerosol monitoring device, there is no direct way of
determining which of the worker’s several job activities contributed most significantly to his
or her total exposure. Strategic géneral area sampling during specific jobs can be used to
define relative exposure potentials and thus allow appropriate, selective, corrective action to
be implemented.

3. General area sampling can be used as a basis for categorizing various work areas in terms of
potential exposure risks. Such information can be tabulated or graphically displayed to

indicate the relative dustiness of areas within the plant,
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4. General area sampling is extremely useful in evaluating the performance of engineering
controls, the effect of process changes on dust concentrations, and the effectiveness of

administrative controls.

General workroom or process-area samples of respirable airborne dust should be

collected as follows:

1. Prepare and calibrate the sampling pump in accordance with the procedures discussed
previously.

2. Place the battery-operated sampling pump in a secure location within the area to be tested. A
secure location (1) is representative of the general work areas which employees occupy, and
(2) is a site where the pump is not likely to be damaged as a result of normal work
operations. In certain instances, it may be necessary to fasten the pump to a stationary, rigid
object. The more closely the conditions at the chosen location approximate those of the areas
workers occupy, the more representative and meaningful the resulting sample will be in
terms of workers” exposures. For comparative general area dust analyses, sampling stations
should be established where all samples will be collected for a given area using the same
exact location.

3. After selecting a sampling location and positioning the pump, attach the sampling apparatus
(consisting of a cyclone and a 37-millimeter-diameter cassette, described above) to the inlet
(suction) side of the pump using a length of tubing. Particular care must be taken to ensure
that the height of the filtration apparatus approximates that of the breathing zone of workers

in the area.
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From this point, the procedure is similar to that for personal sampling and includes
recording pertinent information, checking the pump’s flow rate, removing the sampler at the end

of the sampling period, and shipping the exposed filters and blanks to the. laboratory for analysis.
DIRECT-READING INSTRUMENTS

A powerful and often overlooked tool in achieving the lowest possible workplace dust
exposure levels in an expeditious manner is the personal data real-time aerosol monitor (PDR).
The PDR provides an instantaneous reading of total respirable dust via a liquid crystal display,
but contains data logging capabilities permitting the analysis of total respirable dust
concentrations over a specific period of time. The PDR may be used in three primary ways:

1. As a spot checker of total respirable dust concentrations
2. As alogger of general area total respirable dust concentrations
3. Asalogger of personal total respirable dust concentrations

When the PDR is used as a spot checker of total respirable dust concentrations, a set of
strategic locations within the workplace must first be identified. Once these locations are
identified, the PDR is taken from location to location with instantaneous total respirable dust
concentrations recorded. Over time, analysis and trending of the data may be performed to help
identify areas or equipment requiring improvement.

When used as a logger of general area total dust concentrations, the PDR is set-up in one
workplace location and left for a set period of time. During the sampling period, the PDR will
log total respirable dust concentrations as frequently as defined by the user (i.e. as frequently as
every second, although typical logging periods range from 10 to 60 seconds). At the conclusion

of sampling, the logged PDR data can be downloaded for analysis.
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The most effective use of a PDR is as a logger of personal total respirable dust
concentrations. When used as a personal logger, the PDR 1s affixed to a worker in much the
same way as a conventional sampling pump. The worker carries the PDR on his or her body over
the course of a shift; the PDR logs total respirable dust concentrations as the worker moves from
place to place. At the completion of the worker’s shift, the logged data can be downloaded and
compared to the Employee Activity Log (Appendix B, Form B-3) for analysis (see Figure 3-7).
Analysis of this data can often pinpoint the exact locations or work practices that are contributing
most to the worker’s time weighted average exposure level.

These meters are not acceptable by MSHA for compliance sampling, although they are
used by MSHA as diagnostic tools. In addition, these meters only provide data for respirable
dust; they do not provide data that can be compared with the allowable dust limit at the sampled
location, since they cannot determine the crystalline silica content of the dust. They only measure

total respirable dust rather than a specific type.

] chark an plenn F36 oom heed b

FIGURE 3-7—PDR GRAPH - TIME VS RESPIRABLE DUST CONCENTRATION
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Analytical Procedures

For the most part, NISA member companies rely on commercial laboratories to perform
the two analytical procedures required for respirable samples: (1) determining the weight of dust
collected on the filter, and (2) measuring the amount of crystalline silica in the dust. This
discussion covers selecting a laboratory for analyzing samples and specifying the method for
determining the amount of crystalline silica. A detailed discussion of the analytical procedures
can be found in the NIOSH Manual of Analytical Methods or obtained from the laboratory
performing analyses for your company.8

Laboratory Selection

Many laboratories are qualified to conduct the analytical procedures required by the
OHP. The American Industrial Hygiene Association (AIHA) conducts an accreditation program
for laboratories that analyze industrial hygiene samples. As part of its laboratory accreditation,
ATHA conducts an analytical reference and quality assurance program known as the Proficiency
Analytical Testing (PAT) program. Under the PAT program, prepared spiked samples of known
quantities of a confaminant (analyte} are periodically sent to participating laboratories for
analysis. The laboratories report results to the PAT program, and the data are subjected to
statistical analyses for precision and accuracy. Laboratories whose results are outside of control
limits are removed from the program. Quartz is one of the contaminants that can be selected
when a laboratory elects to participate in the program. NISA urges its member companies to use
only ATHA-accredited laboratories for their analytical services and participate in the PAT
program for quartz determination. A list of AIHA accredited laboratories may be found at the

AIHA website (hitp://www.aiha.org).
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Crystalline Silica Analytical Method

For the purposes of the OHP, analyses of crystalline silica should be performed in
accordance with NIOSH Method 7500, which is an X-ray diffraction technique.® Although other
acceptable methods, such as infrared analysis, are available, the X-ray method is considered
appropriate for crystalline silica. Therefore, in procuring analyses of crystalline silica, NTOSH
Method 7500, X-Ray Powder Diffraction, should be specified. Both OSHA and MSHA use this

method for respirable crystalline silica determination in their enforcement activities.

Sampling Records

To provide proper documentation and historical data for future reference, proper
sampling records must be maintained. These records provide the tools to track personnel and
compliance histories and are invaluable in conducting epidemiology studies.

Pump Calibration Record

The Pump Calibration Record (Appendix B, Form B-1) is used to document proper pump
calibration and is an integral part of a complete sampling program. Two samples of pump
calibration forms can be found in Appendix B. In lieu of forms, a calibration record in a bound
laboratory notebook can be used to record pump calibration.

Respirable Dust/Silica Sampling Data Sheet

The most important of the required records is the Respirable Dust/Silica Sampling Data
sheet (Appendix B, Form B-2), which lists all pertinent information about a particular sample
and analytical results. The completed Form A-2 should be retained indefinitely, since future

exposure studies will rely on the form’s data to accurately determine exposure levels.
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Respirable Crystalline Silica Sampling Summary

The Respirable Crystalline Silica Sampling Summary (Appendix B, Form B-4) is a useful
tool for tracking exposure trends. It is suggested that one sampling summary be used to track all
samples taken at a plant, with additional summaries devoted to specific job classifications or
areas.

Employee Activity Log

The Employee Activity Log (Appendix B, Form B-3) is used to document the activity of
the worker wearing the dust sampler. This log may be useful in deterimining areas that contribute
to high dust measurements, work practices that influence dust measurements, respirator-wearing
practices that mitigate dust inhalation, and so forth. Employees participating in dust sampling
should be instructed to specifically make note on their activity logs of any visible dust they

encounter during their shift. This can greatly help identify sources of dust.

It should be mentioned that soiled clothing, outerwear, and gloves can have a significant
negative impact on silica dust sampling results and can lead to false assumptions as to potential

sources of dust.

In addition to Forms B-1 through B-4, information should be retained regarding
manufacturers’ specifications for dust sampling equipment, laboratory analysis, and other data
pertinent to sampling.

SAMPLING FREQUENCY

The number of personal dust samples to be collected at each location within a plant is a
function of the size of the workforce at the location, the uniformity of dust emissions at the

location, and the overall dustiness of operations at each location. When a sampling frequency
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program is established for a plant, Table 3-1 can be used to determine the number of employees
to be sampled at each process or operation within the plant.

It is essential that the exposure for each employee be characterized. If a number of people
perform the same function, a representative of the group can be sampled; the results will
therefore be characteristic of the others who work in the same operation. However, if certain
tasks are being performed by different workers and involve subtle differences between the two,
dust sample result differences can be significant. An example of this subtle difference would be
if one worker carefully places a filled bag on a pallet, while the other worker drops a filled bag
on a pallet from several inches. Ultimately, personal samples should be obtained for each person
exposed to industrial sand. This means that sampling in a particular operation will be rotated
among the individuals working in that operation.

Once the initial group of employees has been sampled, the exposure results obtained will

be used to determine the frequency of periodic sampling.

Nummber of
Emplovees Number of Time-Weighted
Exposed Average Determinations
1-20 50% of the total number of workers
>20 10 plus 25% of the excess over 20 workers

TABLE 3-1—NUMBER OF EMPLOYEES TO BE INITIALLY
SAMPLED AT A PLANT QOPERATION OR PROCESS

DISCUSSION OF RESULTS

The vast majority of dust samples collected by MSHA from the industrial sand industry
are collected in the breathing zone of individuals. These samples are analyzed to determine the

concentration of respirable dust and the amount of crystalline silica in the dust. Sampling in this
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manner represents the amount and kind of material that would enter a person’s lungs during a
particular period of sampling. Every sampling program should therefore follow that of MSHA,
although, as discussed above, individual companies may also elect to collect samples that

represent a given area of their plant or facility.

Dust sampling filters are normally purchased from an analytical laboratory, and each
filter is labeled with a number affixed by the laboratory. This number is a reference to the weight
of the filter as shipped from the laboratory. Since each filter used is pre-weighed at the servicing
analytical laboratory, reweighing the filter at that laboratory after sampling and noting the
difference in weight determines the amount of respirable dust collected during the sampling

period.

The following example follows a sample through the entire dust collection sequence. For

this example, the filter contained 0.110 milligram of dust after sampling,

Note: Filters must be sent to the originating laboratory for analysis, since this is the only facility that has information

about the original weight of each filter.

Sampling was done using a known airflow rate: 1.7 liters per minute (Ipm) of room or
plant air passing through the filter via the battery-operated pump attached to the person being
sampled. Multiplying the sampling flow rate by the total number of minutes in the sampling
period provides the volume of air passing through the filter. For example, an 8-hour workday
consists of 480 minutes. The volume of air sampled would then be 1.7 Ipm for 480 minutes, or
816 liters. Exposure limits are expressed in terms of cubic meters of air, so 816 liters is
equivalent to 0.816 cubic meters (1 cubic meter = 1000 liters).

The sample weight and volume of air sampled are combined in an expression of weight

per unit volume, milligrams of dust per cubic meter of air sampled. In this example, therefore,

60



Occupational Health Program for Exposure to Crystalline Silica

the average concentration of respirable dust in the air during the sampling period was 0.110
milligram, divided by 0.816 cubic meter of air passing through the filter, or 0.13 milligram per
cubic meter. This value represents the concentration of respirable dust sampled during this
particular period.

The next step is to evaluate the sample result. Normally, samples results aré evaluated
based on the PEL for silica dust specified by MSHA. This 1s the concentration of respirable dust
that may not be exceeded for a given percentage of crystalline silica, averaged over a work shift.
The evaluation will determine whether the sample result is above or below the PEL and by how
much. The MSHA PEL for respirable silica dust is determined by the following fomiula:

PEL =—1°

Quartz %+ 2

Where:

PEL = Permissible exposure limit, in milligrams per cubic meter,

Quartz (%) = percentage of respirable quartz.

So far, the percentage of respirable quartz contained in the dust coliected on the filter 1s
unknown. This determination requires another laboratory procedure. In addition to being
weighed, the filter is subjected to X-ray diffraction analysis to determine the amount of quartz
within the dust on the filter. The results sent by the laboratory will include the concentration of
dust and the amount of quartz for each filter. The amount of quartz in dust varies from plant to
plant and within each plant or mining process. For example, respirable dust collected from a
front-end loader at the quarry may only contain about 10 percent quartz, but samples collected
from a mill operator at the product end of a plant after mined material has been processed rhay

contain 98 percent quartz.
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Note: The percentage of quartz is determined for eack sample submitted to the laboratory. You may send six samples to the
laboratory for analysis, and the percentage of quartz can be different for each sample. In the above example, assume that the
laboratory determined the sample to contain 36 percent quartz. This means that of the dust on the filter, 36 percent was quartz and
the rest was other dust material of respirable size. The exposure limit would then be 10436 + 2), or 0.26 milligram per cubic
meter. Since the measured dust concentration was 0.13 milligrams per cubic meter and the exposure limit was calculated to be

0.26 milligrams per cubic meter, this particular sample does not exceed the PEL.

A sample result comparison, sometimes referred to as Severity Index (the sample value
compared with the PEL) can be expressed as exposure. This expression is similar to dose. For
example, MSHA obtains employee noise exposure data using a noise dosimeter, and the results
are reported in terms of dose as percentage: 100 percent dose is the maximum allowed by
regulation, lower values are within regulatory limits, and values greater than 100 percent exceed
the limits. Percentage exposure for dust is similar: 100 percent is the maximum allowed, or the
exposure limit. Percentage exposure values below 100 percent mean that dust sample results are
below the exposure limit, and percentage exposure values above 100 percent mean that sample
results exceed the exposure limit. Exposure, as expressed in percentage, is determied by
dividing the sample dust concentration by the PEL and multiplying by 100.

In the above example, the Exposure (Es;) would be as follows:

0.13
E, = |==1100) = 50
* 0.26( )

This means the person sampled was experiencing about one-half the allowable exposure
to that particular respirable dust. Percentage exposures should always be maintained below 100
percent. Percentage exposures that exceed 100 percent should be evaluated in a timely manner,
and steps should be taken to reduce the exposure to an allowable level.

This example is further illustrated in Appendix B as a completed Form B-2 that uses the

data from the example.
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MANAGEMENT OF EXPOSURE DATA

The previous discussion of evaluating sample results provides an example of comparing
the results of a single measurement with the MSHA PEL for compliance purposes. While this
type of comparison, referred to as compliance sampling, 1s useful for determining legal
compliance with a federal regulation, a measurement-by-measurement comparison considers
only the variability associated with each measurement. It provides no useful information about
the variability that occurs due to the separate tasks involved in a job or due to workers who
perform the same job but employ different work practices. It also gives no meaningful
conclusions related to variability of the time of day, the month of the year, the shift being
sampled, and the location within the mine or mill. The measurement-by-measurement variability
(compliance sampling) is very small compared with the variability related to these other factors.

For these reasons, and because of the fact that as the sampling program database of
measurements grows year-by-year, consideration should be given to using other statistical
techniques to analyze sampling data. The subject of statistical analyses of large databases is
complex and beyond the scope of this manual, but a brief description of two methods is included
here, and some examples are included in Appendix C. For a more in depth understanding, the
reader should study additional sources of information listed in Appendix C and consider using an .
industrial hygiene consultant to develop a program for data analyses.

Descriptive and Inferential Statistics

Descriptive statistics are used to describe the basic features of sampling data.'? They
provide simple summaries about its central tendency and the dispersion. The central tendency of
a distribution of sampling measurements is the estimate of the “center” of that distribution. Some

central tendency measurements of interest include the arithmetic mean (average), median, mode,

63



National Industrial Sand Association

and geometric mean. The dispersion of data refers to the spread around the central tendency.
Three common measures of the dispersion are the range, the standard deviation, and the -
geometric standard deviation. Most descriptive statistics can be calculated using a spreadsheet
such as Excel or a scientific calculator with statistical functions. In addition, there are many
university statistical websites that will calculate statistics once data is entered [ATHA Strategy]."
The following descriptive statistics can be calculated from the sampling data and can provide
more information about its statistical features:
= number of samples
"  maximum exposure {max)}
"  minimum exposure {min)
= range
*  percent of exposures above the PEL (%>PEL)
» mean of exposure (%) [Need mean symbol which is a bar over small x]
» standard deviation of exposure (s)
»  geometric mean (GM)
* geometric standard deviation (GSD)

Sampling data can be understood by simply comparing the descriptive statistics with the
PEL.' This is often the case when the sampling data is clustered well below or well above the
PEL. However, if the distribution of the sampling data contains measurements approaching or
above the PEL, then inferential statistics can be useful in understanding the data and assessing
the potential hazard represented by the data. With inferential statistics, a dataset is used to arrive
at conclusions that extend beyond the data.? In other words, confidence limits are calculated in
order to quantify uncertainty in the arithmetic mean and measures of central tendency. One

method often used to ensure workers are adequately protected is to calculate a 95™ percentile of a
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dataset and compare the result with the occupational exposure limit. The 95" percentile is the
value of a dataset below which 95 percent of the observations fall. Using this approach in
analyzing a set of dust measurements gives some assurance that it operations are sampled 100
times, 95 of those times the measurement would be below the 95™ percentile value. Examples
and calculations using these techniques are shown in Appendix C.

Bayesian Statistics

A strategy gaining use among industrial hygienists for analyses of exposure sampling
data uses Bayesian statistical techniques for determining, from a limited dataset, the exposure
profile and severity of exposure for a similar group of data.” The strength of the Bayesian
decision analysis (BDA) is that it allows the analyst to factor in professional judgment or other
information into the statistical calculations. BDA is especially useful when interpreting small
datasets of 10 or fewer samples of an operation. However, for sample sizes from 10 to 20 or
larger, calculating descriptive and inferential statistics istecommended. The BDA technique
mcludes complex calculations that are best undertaken with adequate training. References are
included in Appendix C for those seeking additional information on this technique, Training

courses are also available for applying BDA techniques to industrial hygiene sampling data.

Note: Individual sample results reflect the exposure of an individual at the time of sampling; that is, the results relate to the work
the individual was performing and the quartz content of the material in question during the particular sampling period. The results
may or may not represent the person’s “normal” or average exposure. This is why a structured sampling program, in which
average exposures can be determined based on periodic sampling, is recommended. Because of variations in work activities, even
for an individual, it is important to record the type of work performed during the sampling period. This information can be
recorded on the Employee Activity Log (Appendix B, Form B-3). Although the discussion of sampling centers on specific
calculations, sampling is best discussed in terms of a program. Information collected during sampling becomes more meaningfisl
as a database of sample results develops. A program that comprises sampling frequencies and locations tailored to each facility

will enable the dust exposures of workers to be characterized.
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Worker Notification of Dust Sampling Results

Timely worker notification of dust sample results ensures that workers are kept apprised
of NISA member company efforts to improve the working environment while maintaining
transparency in the process of evaluating hazards in the workplace.

General Area Dust Sample Result Notification

Within 15 days of receiving the results of laboratory analysis, general area dust sample
results are to be posted conspicuously (e.g. bulletin boards) for worker review.

Personal Dust Sample Result Notification

Within 15 days of receiving the results of laboratory analysis, personal area dust sample
results are to be provided to the affected worker via Form A-5—Employee Notification of Dust

Sample Results.

SAMPLING STRATEGY

This subsection provides a strategy that member companies can use to determine a
sampling frequency based on personal exposures. Sampling frequency is based on average
exposure profiles of personal exposures in a job or operation.

Personal exposures with exposure profiles of less than 50 percent of the PEL to respirable
crystalline silica dust in which no operational, engineering, or administrative process changes
have been implemented should be sampled at least once every 12 months. This is done to ensure
confidence that levels of respirable crystalline silica dust have been maintained at the exposure
profile.

Personal exposures with exposure profiles of 50-100 percent of the PEL to respirable
crystalline silica dust in which no operational, engineering, or administrative process changes

have been implemented should be sampled at least once every six (6) months. This is done to
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ensure that levels of respirable crystalline silica dust have been maintained at levels less than the
limit.

Personal exposures with exposure profiles greater than 100 percent of the PEL to
respirable crystalline silica dust should be sampled on a basis that is consistent with any
engineering, operational, or administrative process changes. Control measures should be
implemented in a timely manner to reduce exposures below the limit. Repeat dust sampling with
the same worker doing essentially the same job procedures but with the corrective control
measures in place. Provided the result of this sample is below the PEL, two additional samples
should be collected under the same circumstances to confirm the results and to ensure exposures
are below the PEL.

When operational, engineering, or administrative changes that could increase or decrease
dust emissions are made to a process, personal sampling should be undertaken monthly until two
consecutive sample results are less than the PEL.

This strategy has been developed to provide member companies with some degree of
confidence that exposure levels are measured and corrective measures are taken if needed. Table

3-2 provides guidance in this strategy.

Exposure Time-Weighted
Classification Average Bxposure Prequency of Sampling
| <50% Every 12 months
It 50-100% Every 6 months
i >100% Every 3 months (minirmum)*

TABLE 3-2—SAMPLING FREQUENCY BASED
ON PERSONAL EXPOSURES
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SECTION 4—MEDICAL SURVEILLANCE FOR SILICA EXPOSURE

PURPOSE

The objective of this recommended medical surveillance program is to prescribe baseline
and periodic health evaluations of workers exposed to crystalline silica. The guidance in this
section is modeled after an official American Thoracic Society (ATS) statement, adopted in June
1982." the guidance of an Evidenced Based Statement of the American College of Occupational
and Environmental Medicine (ACOEM), Medical Surveillance of Workers Exposed to
Crystalline Silica,” the ASTM Standard Practice for Iealth Requirements Relating to
Occupational Exposure to Respirable Crystalline Silica,” and the National Kidney Foundation’s
Clinical Practice Guidelines for Chronic Kidney Disease.”

Medical surveillance is accomplished by performing screening examinations, which are
not necessarily the same as diagnostic tests (see Table 4-1).° The key distinction is that medical
surveillance is performed on a worker because the worker is at risk from a specific occupational
exposure, whereas a diagnostic test is performed on a patient because of a specific medical
complaint or finding. Abnormal findings detected by screening examinations must be confirmed
and then referred for diagnostic studies to determine their relationship to occupational exposure
and their true significance. This manual should be provided as guidance to physicians and
allied health professionals who conduct medical surveillance for member company employees.
Consideration should be given to specifying appropriate criteria of this section in contracts and

procurement agreements with medical providers.
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Screening Examination
Performed periodically on a worker who is judged to be at risk from an occupational
exposure Example: Periodic chest X-ray on a brick worker
Diagnostic Examination
Performed on a patient because of a specific medical complaint or finding Example:
Sputum culture on a patient with pneumonia

TABLE 4-1— SCREENING VERSUS DIAGNOSTIC EXAMINATION

MEDICAL SURVEILLANCE PROGRAM

The medical surveillance brogram has the following objectives:

1. To establish a baseline from which to assess changes that may develop in the individual at a
future date. Thus, each worker serves as his or her own control, and the ability to recognize
early change is greatly enhanced.

2. To detect abnormalities that might be consistent with the health effects of silica exposure at
an early stage, when intervention can lead to disease reversal or cessation of disease
progression.*

3. To prevent the development of silicosis that could produce pulmonary impairment in the
worker.

4. To prevent the development of other occupational conditions that might be associated with
exposure to silica.

5. To disclose to the worker occupationally and non-occupationally related abnormalities for
appropriate medical follow-up.

6. To identify potentially hazardous working conditions and underscore the need for
improvements in control measures.

7. To develop data on which epidemiological studies of crystalline silica exposure can be based.
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COMPONENTS OF A MEDICAL SURVEILLANCE PROGRAM FOR SILICA

The primary focus of a medical surveillance program for silica exposure has traditionally

been conducted for the early detection of silicosis. However, with more recent studies finding a

possible association between silica exposure and kidney disease, and given that kidney diseases

are suitable for screening and early detection, some components have been included in the OHP
medical surveillance to assess kidney function, and to gather information on potential risk factors
for kidney disease. The medical surveillance program for silica exposure consists of the
following components:

1. A medical history that focuses on the presence of respiratory symptoms, smoking habits, and
risk factors for kidney disease.

2. A comprehensive occupational history that details prior exposure to potentially harmful
dusts, chemicals, and other physical agents. Any adverse effects related to these exposures
must be recorded.

3. A physical examination to assess the general condition and respiratory status of the worker.”

4. A 14-by-17-inch posterioranterior (PA) chest X-ray, preferably obtained using a high-
kilovoltage technique. A PA chest X-ray exposure means the X-ray beam penetrates the
individual from the back to the front of the chest with the film to be exposed in front of the
subject. For silicosis and other pneumoconioses, films should be interpreted by qualified
board-certified radiologists who are NIOSH-certified B readers.” Films should be classified
in accordance with the 2000 Guidelines for the Use of ILO International Classification of

Radiographs of Pneumoconioses.® Many advances have been made in the past decade in

* NIOSH B-Reader information and a listing of certified B-Readers can be accessed online. Accessed on line at:
http/Awww ede.gov/niosh/topics/chestradiograshy/breader-info hitml
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digital chest radiography. While the International Labour Organization (ILO) system still
requires conventional radiographs for classification, studies have shown that digitized images
are an acceptable alternative to interpretation of conventional film images.”™ All indications
are that the conversion from conventional films to digital radiography in medical settings will
continue. For these reasons, in addition to accepting conventional chest X-rays, the NISA
OHP program will accept good quality digital chest images reproduced on film to be used
with the current [LO system for classification of the pneumoconioses. ™

Pulmonary function tests that include spirometric measurements of forced expiratory volume
in one second (FEV1) and forced vital capacity (FVC). Such tests should be performed,
calculated, and interpreted in accordance with the ATS 1994 Update Standardization of
Spirometry and the 2005 ATS-ERS Standardization of Spirometry guidelines.'*"

The baseline tuberculin skin test reactivity status of workers should be established.!>""
Early inactive tuberculosis infection can be detected using two kinds of tests; the tuberculin
skin test (TST) or a QuantiFERON blood test (QF test). Either the QuantFERON-TB Gold
test or the QuantiFERON-TB Gold In-Tube test is acceptable.™'® TST should be performed
by intradermal injection of purified protein derivative (PPD), using the Mantoux technique.
A two-step TST should be performed for initial, baseline testing, following current Centers
for Disease Control and Prevention {CDC) guidelines for the detection and evaluation of

tuberculosis.”” Alternatively, initial baseline testing can use a single QF test. Subsequent

periodic testing should be done using a single TST or QF test.'® Because of the high risk that

* (Note: In 2008 NIOSH hosted a workshop to address issues for classifying digital radiographs for subjects with
pneumoconioses. Information can be accessed online. Accessed online June 5, 2009 at:
http://www.cdc.gov/niosh/docs/2008-139/. When ILO guidelines for acquisition and viewing of digital chest images
and ILO standard radiographs become available in digital format, classification can be performed on viewing
workstations that meet ILO guidelines or the minimum American College of Radiology guidelines for viewing of
digital images.)
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untreated inactive or latent TB infection (LTBI) could progress, early detection by periodic

testing for LTBI should be performed annually in those with X-ray evidence of silicosis (1/0

or greater profusion category using the ILO classification).!” Periodic testing should also be

considered for those with more than 25 years of silica exposure but without evidence of
silicosis."

7. The National Kidney Foundation recommends three basic tests to screen for kidney disease:
a quantitative test for protein or albumin in the urine (proteinuria), a calculation of
glomerular filtration rate (GFR) based on a serum creatinine measurement, and a blood

18,19,20

pressure measurement.

MEDICAL AND QCCUPATIONAL HISTORY

A medical history, including respiratory symptoms and smoking history, should be
completed with the assistance of a trained interviewer such as a physician, physician’s assistant,
or nurse-practitioner. If a trained interviewer 1s not available, the forms can be completed by the
worker to the best of his or her ability. Sample forms and examples for these purposes are
provided in Appendix C. The OHP forms have been developed as guidelines for obtaining
medical and work history information specific to the chest and related lung disorders. The
medical information in Appendix D, Form D-1, should be gathered as part of the OHP, either by
administering this portion of the examination separately or by including these items in the
questionnaire used by the examining health professional. If the worker is uncertain about a
response, the question should be left blank. A separate record detailing the subject’s occupational
history and potential exposures should be obtained. Such a record consists of a chronological
entry of all jobs, setting forth the specific duties of the person and the nature of potential

occupational exposures. The job history should contain a question regarding hobbies that might
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affect the respiratory system. All jobs up to the present employment—even part-time work---
should be accounted for. If the employer cannot ascertain from personnel records the jobs held
by a worker, then this information should be included on the occupational history form. A form
for obtaining an occupational history is included as Appendix D, Form D-2.

MEDICAL EXAMINATION

The physical examination should be focused on the general condition and respiratory.?
Where examination by a physician is not practicable, a physician’s assistant or nurse-practitioner
can conduct a routine examination and refer abnormalities to a physician for further evaluation;
alternatively, clinical data collected by a mobile medical-evaluation service and reviewed by a
physician can be used for follow-up medical evaluation. Tt is important that NISA member
companies determine that a mobile medical service provider is reputable and capable of
providing high quality examinations that meet the specifications referenced in this manual. The
physician or other person conducting the examination should be provided with a description of
the duties and physical abilities required by the job, respiratory protective equipment used by the
worker, an estimate of the crystalline silica exposure level, and other information pertinent to the
clinical assessment. If possible, the person conducting the examination should gain first-hand
knowledge of the workplace conditions by visiting the work site to observe the job requirements.
The examination should note whether observations relating to the chest, such as symmetry,
expansion, percussions, breath sounds, and palpitations are normal, and whether wheezes, rales,

“and rubs are present. An assessment of the worker’s ability to wear a respirator during the course

of work should be made and documented.
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CHEST X-RAYS

Radiographic changes in workers exposed to crystalline silica are the most practicable
means of early detection of silicosis; that is, abnormalities are usually seen radiographically
before pulmonary function loss can be detected spirometrically or before symptoms appear. A
high resolution chest computed tomography (HRCT) scan is more sensitive in identifying the
parenchymal opacities of silicosis. However, the lack of standardized imaging techniques and
widely accepted methods of classification make HRCT implementation as a surveillance tool
impractical at this time.> HRCT has been found to be useful as a follow-up to conventional
radiographs in interpreting and attributing subtle changes consistent with silicosis from other
pathology. Chest radiography is also useful for monitoring the progression of silicosis as well as
for identifying treatable complications including mycobacterial diseases such as TB.” Périodic
chest X-rays are therefore a vital part of medical surveillance.

Chest radiography is one of the most commonly performed radiographic examinations,
but it is often difficult to obtain consistently high-quality radiographs. The proper interpretation
of the subtle findings of pneumoconiosis depends on a technically superior chest radiograph.**!
Radiographs should be produced using the best current techniques, and films produced under any
[ower standard are not acceptable.

Specifications

Although other X-rays may be ordered by an examining physician, a PA projection on a
film no less than 14x17 inches and no more than 16x17 inches at full inspiration is essential to
the program for detection of the pneumoconioses.” The film must be exposed quickly enough to
avoid blurring as a result of motion and must use factors adequate for optimum penetration

without “graying” caused by scattered radiation. Ancillary measures, such as the use of a grid,
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may be necessary. A high-kilovoltage technique with a grid is the preferred method, but adequate
films can in some instances be obtained by a lower voltage method.

Guidelines providing comprehensive discussion of the importance of proper equipment
and technique in producing radiographs for evaluating pneumoconioses have been

d.1622224 Detailed specifications for chest X-rays for the NIOSH Underground Coal

publishe
Miner X-Ray Surveillance Program can be found in the Code of Federal Regulations, Title 42,
Part 37, which describes factors important in obtaining high-quality X-rays.”> These
specifications should be brought to the attention of the medical facility or provider contracted to
perform the X-rays and are reproduced in Appendix D. Questions concerning the suitability of a
facility to perform X-rays and exceptions to these specifications should be brought to the
attention of the radiologist performing the interpretation.

Over the past decade, there have been remarkable advances in the technology of chest
imaging.26 Because of inherent advantages over chest films, digital radiography for chest
imaging is rapidly replacing film screen-based chest units in the radiology departments of most
academic hospitals and is spreading to community hospitals and clinics as well, Digital
radiography can produce consistent high quality images that can be archived and retrieved easily,
eliminating the problem of the “lost film.” Perhaps the greatest advantage of the newer digital
techniques is the evolving advancements being made by linking to sophisticated computer
programs that will aid the physician in computer-aided diagnosis. A number of studies have
shown that the interpretation of small opacities using digital imaging is comparable to tht_air
detection using conventional chest X-rays.”*® For these reasons, the NISA OHP program has
determined it will accept good quality computed radiography (CR) or digital radiography (DR)
chest images reproduced on film to be used with the current ILO system for classification of the

pneumoconioses.
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Interpretations

In clmical practice, it is customary for physicians reporting radiological findings from
chest films to do so in non-quantitative, narrative form. For most clinical purposes, this is
satisfactory. However, when information is to be used for medical surveillance or for
epidemiological studies, the reporting must be more quantitative.™
ILO Classification System

For the OHP, the radiographic changes associated with pneumoconioses must be
classified according to the 2000 Guidelines for the Use of ILO International Classification of
Radiographs of Pneumoconioses.” The interpretation must be recorded on a form, as shown in
Appendix D. All pertinent observations must be recorded on the interpretation forms. These
documents should be provided as a requirement for radiologists engaged to interpret chest X-rays
as part of the OHP.

The ILO system is designed to classify the appearances of pneumoconioses on a PA chest
radiograph. The classification system does not attempt to define specific medical diagnoses, but
it is very important in recording the type and extent of radiographic changes as well as in
describing any progressive changes, when comparing successive studies. It has been used
extensively internationally for epidemiological research, the surveillance of those in dusty
occupations, and for clinical purposes.6’23

The ILO classification system provides a means of systematically recording the
radiographic abnormalities in the chest caused by the inhalation of dusts .° As noted in the ILO
Guidelines:

The object of the Classification is to codify the radiographic abnormalities of
preumoconiosis in a simple reproducible manner. The Classification does not define pathologic

characteristics, nor take into account the ability of the person to perform work (working
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capacity). The Classification does not imply legal definitions of pneumoconiosis for
compensation purposes, nor set, nor imply a level at which compensation is payable.

The ILQ classification system requires the codification of a chest radiograph according to
its pulmonary (parenchymal) and pleural abnormalities. The chest film or image must also be
graded as to its technical quality.”* Four grades of technical quality are used:

1. Good;

2. Acceptable, with no technical defect likely to impair classification,

3. Acceptable, with some technical defect but still adequate for classification; and

4. Unacceptable for classification.

When it is not possible to replace a grade 3 radiograph with a better one, more details about the
technical defects should be recorded.

Pleural findings are not discussed in this manual because pleural changes are not
considered to be associated with silica exposure but are instead regarde.d as a marker of exposure
to fibers such as asbestos. Classification is performed by viewing a worker’s chest X-ray,
considering all affected zones of the lung, and comparing the worker’s film with a set of ILO
standard radiographs. With respect to pulmonary findings, the system divides lung opacities into
twé categories, small and large, with each defined in specific quantitative terms.

Small opacities are recorded according to four characteristics: shape, size, profusion, and
extent. Figure 4-1 illustrates shape and size classification for small opacities. Two shapes are
recognized—small rounded and small irregular. For each shape, opacity size 1s graded in three
categories; for example, rounded opacities (p,q.r) are grouped according to the approximate
diameter of the predominant lesions as follows:

1. Opacities (p) up to 1.5 millimeters in diameter.

2. Opacities (q) greater than 1.5 millimeters and up to about 3 millimeters in diameter.
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3. Opacities (r) exceeding about 3 millimeters and up to about 10 millimeters in diameter.

VA
A X
i

FIGURE 4-1—SHAPE AND S1ZE CLASSIFICATION FOR
*
ROUNDED AND IRREGULAR OPACITIES

Irregular opacities (s,t,u) are classified according to the approximate width of the

predominant lesions as follows:

1. Fine linear opacities (s) up to about 1.5 millimeters.
2. Medium opacities (t) greater than about 1.5 millimeters and up to about 3 millimeters.

3. Coarse, blotchy opacities (u) greater than about 3 millimeters and up to about [0 millimeters.

Two letters are used to record shape and size. If the reader considers that virtually all the
opacities are of one shape and size, this should be noted by recording the appropriate symbol
twice, separated by an oblique stroke (for example, g/q). If, however, another, less predominant
shape or size 1s observed, this should be recorded as the second letter (for example, g/t). Hence,
¢/t would mean that the predominant small opacity is round and of size q but that significant
numbers of small rrregular opacities of size t are present. Figure 4-2 illustrates recordings of
shape and size classifications. In the TLO Classification system only the two most prominent size

and shape opacities are recorded.

* Adapted from Reference 6.
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The term profusion refers to the concentration or number of small opacities in the
affected zones of the lungs. The right and left lungs are divided into three zones (upper, mid, and
lower) by horizontal lines drawn at approximately one-third and two-thirds of the vertical
distance between the lung apices and the domes of the diaphragms. The determination of
profusion is based on a comparison of the observed opacities with a series of ILO standard
radiographs. The 22-film set and the 14-film Quad Set of standard radiographs can be obtained

from ILO. In early versions of the system, profusion was graded only in four major categories:

Category (0. Small opacities are absent or less profuse than in Category 1.
Categories 1, 2, and 3. Small opacities are increasingly profuse, as defined by the corresponding

radiograph.

In 1968, the codification of small-opacity profusion was modified by the expansion of the
profusion scale from four major mid-categories (0-3) to a total of 12 categories. This expansion
to a twelve category scale with minor categories flanking the major categorics was a reflection of
the varied appearance of radiographs and the difficulty with borderline films that did not closely
meet the mid-category definition. Figure 4-3 illustrates the scale as it relates to the profusion of

small opacities.

The current notation designating the divisions of the 12-point scale is as follows:

0~ 0/0 0/1
/0 1/1 172
2/1 222 23
32 3/3 3+

The first number in each subcategory indicates the major category to which the subject
radiograph belongs; the second number indicates whether the profusion level is judged to be

somewhat [ess than, equal to, or somewhat greater than the profusion level corresponding to the
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major category indicated. Thus, the notation 2/1 is used to indicate a profusion level that is

Category 2 but at less than the midpoint of that category.

FIGURE 4-2—EXAMPLES OF RECORDINGS OF SHAPE AND SI1ZE CLASSIFICATIONS

Wiajor Category Profusion of Opasities Minor Categories

FIGURE 4-3—TWELVE-POINT SCALE AND ITS RELATIONSHIP TO PROFUSION OF QPACITIES®

* Adapted from Reference 6.
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The category of profusion is based on comparison of the subject radiograph to the ILO
Standard Radiographs. For profusion, the written descriptions are a guide, but the standard
radiographs take precedence. The appropriate category is chosen by comparison with the
standard radiographs that define the levels of profusion characteristic of the centrally placed
subcategories (0/0, 1/1, 2/2, 3/3). The category is recorded with the corresponding symbol
followed by an oblique stroke (0/, 1/, 2/, 3/}. If no alternative category was seriously considered,
the subject radiograph is classified into the central subcategory (0/0, 1/1, 2/2, 3/3). If an
alternative category was seriously considered, that category symbol is placed after the oblique
stroke, 1.e. 2/1. A subcategory 2/1 refers to a radiograph with profusion similar in appearance to
that depicted on the subcategory 2/2 standard radiograph, but category 1 was seriously
considered as an alternative.®

The fourth characteristic of small opacities that must be recorded in the [LO classification
system is the spatial distribution of pulmonary disease. To record this parameter, the lungs are
divided into three zones on each side, corresponding to the upper, middle, and lower thirds of the
[ungs. Figure 4-4 provides an example of coding of the zones of Jung involvement for small-
opacity profusion. In reporting the extent of disease, the B-reader simply checks off the zones
affected. The zones can be coded R or L for right or left lung; U, M, or L correspond to the
upper, mid, or Iowér lung zone (e.g. RU = right upper).

Of the four characteristics of small opacities requiring codification, profusion is very
important, for it is a good indicator of the concentration of any dust disease that may be present.
When profusion levels vary from one portion of the lung fields to another, the category of
profusion to be recorded 1s determined by considering the profusion as a whole, over the affected

lung zones. Where there 1s a marked difference in profusion (three minor categories or more)
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among different zones, the zone or zones that show less profusion are ignored for classification

purposes.

Y

FIGURE 4-4—EXAMPLE OF CODING OF LLUNG ZONES
OF INVOLVEMENT OF QOPACITIES

A large opacity is considered to be present when an opacity presents 1its longest
dimension exceeding one centimeter and is evident on a chest film in which there is sufficient
evidence to suggest the presence of a pneumocontiosis. The classification excludes
nonpneumoconiotic large opacities due to other causes such as lung cancer. Simple silicosis is
said to be present when a profusion of small opacities (1/0 to 3/+) exists, and complicated
silicosis is said to occur when large opacities are present. Figure 4-5 illustrates the classification
of large opacities. Most often, a background of small opacities will exist when dust-induced large
opacities are present.

Large opacities are codified in three categories, depending on the size of the lestons:

Category A. A single opacity whose greatest diameter exceeds about 1 centimeter but is no more
than about 5 centimeters, or several opacities, each greater than about 1 centimeter in diameter,

the sum of whose diameters does not exceed about 5 centimeters.
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Category B. One or more opacities larger or more numerous than those in Category A whose
combined area does not exceed the equivalent of the right upper zone of the lung.
Category C. One or more opacities whose combined area exceeds the equivalent of the right
upper zone of the lung.
A
g+g+0= 1-5om

8
O+D+ Tem*=RY

'
[1+{7+ [Tem? > RY ‘

FIGURE 4-5—CLASSIFICATION OF LARGE OPACITIES

Narrative Radiology Report
Although it is not an OHP requirement, companies may also wish to have chest films

evaluated by a narrative method, as is customary among radiologists. In such a report, each facet
of the film is noted, and a statement about it 1s included. A narrative evaluation can include
adequacy of technique; soft tissues and bones of the thorax; position and shape of the diaphragm;
costophrenic angles; the size and shape of the cardiac shadow; the size, shape, and position of the
hila; the appearance and distribution of the bronchovascular markings; the appearance of the
pleura and the lung parenchyma, including a statement about whether or not abnormal
_parenchymal opacities are present; a summary of the findings; and a statement about whether the

film 1s normal or abnormal. If the chest film is determined to be abnormal, the narrative should

* Adapted from Reference 6.
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describe the way in which it is abnormal and what the abnormality means. An example of a

narrative report is presented in Appendix D.

Cumulative Radiology Report

Another approach to industrial surveys of chest X-rays is a cumulative radiology report.”’
A cumulative radiology report contains a listing of serial interpretations and findings in
chronological order, or reverse chronological order, analogous to clinical progress notes. Putting
serial X-ray reports into a single- or multiple-page format improves the quality of the report and
conveys the information to the industry client in an effective, understandable manner. This style
of report can be produced on a personal computer, but some customization of a commercial word
processing package will be necessary.”’ An example of a cumulative radiology report is

presented in Appendix D.

Reader Variability, B-Readers, and Consensus Readings

Repeated classification of the same radiograph may vary considerably, not only from
reader to reader (inter-reader variability) but also among multiple readings by the same reader
(intra-reader variability). This variability has been reported in the medical literature?: *%-3% 31-32
and is greatest when profusion levels are near the lower end of the TLLO 12-point scale. Generally
speaking, B-readers have more difficulty distinguishing a series of radiographs at the boundary
between Categories 0 and 1, namely, 0/1 and 1/0.

To improve the proficiency of readers and minimize the variability of readings, NIOSH,
in conjunction with the American College of Radiology, has conducted training programs and
instituted a proficiency examination for physicians who want to demonstrate competence in the
classification system.” Those who successfully pass the examination are certified as B-readers

and are periodically required to pass a recertification examination. Physicians who only attend an
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instructional course on the ILO classification system or submit other documentation to NIOSH

are called A-readers and are not generally as proficient as B-readers,

X-ray taken by
toca! facility or mobile van

First Inteepretation

Mafor Category O Major Céiégéry 1 or >, large : Abnormal
(G-, 0/0, 071) opacities, pleural changes nonoccupational condition
& 110}
[ interpretation nofed ; [ Referred for follow-up ‘
J Worker informed § L Worker informed ‘

Second Enterpretation

Mincr category classification Lack of minor
agrees with first interpretafion category agresment
{Ex. 1/0, 140} (Ex? 1/0. 144}

|

interpretation noted g

E

g Worker informed §

Third Lterprefation.

|

Consensus equals the median
reading of the 3 interprefations
{HG, 1110

Interpretation noted
(1765

FIGURE 4-6—NISA CONSENSUS PROCEDURE FOR X-RAY INTERPRETATIONS

For the purposes of the NISA OHP, all chest X-rays should be interpreted by a physician
who 1s certified as a B-reader, is board-certified.in radiology, and has considerable experience in

occupational lung diseases. Because of the inter- and intra-reader variability in readings, the ILO
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Guidelines recommend that at least two, and preferably three, independent readings be made for
each r(;idioglra]:;h.6

NISA recommends that multiple interpretations of all films 1/0 or greater be obtained and
that five to ten percent of the films interpreted as 0/1 receive multiple interpretations, according
to the decision logic shown in Figure 4-6. Such a system will allow a consensus interpretation or
median reading to be noted. NISA has identified an expert panel of radiologists who are willing
to participate in a consensus interpretation methodology. Any company that would like to have a
listing of the members of the NISA Radiology Panel should contact NISA headquarters. Any
NISA member may choose to participate in the consensus reading program. Selection of
radiologists and other physicians proficient in ILO classification is vital to the X-ray component

of the OHP. Other member companies and the NISA staff can provide information on selecting

B-readers.

Retention and Storage of Film

Chest X-rays must be stored safely for an indefinite period in a place from which they can
be retrieved for subsequent comparisons. Copies are not acceptable for this purpose. Hospitals
and X-ray facilities are known for purging old X-rays to relieve storage-space problems and to
recover silver from the X-ray film’s emulsion. X-ray films should be kept for 30 years after the
worker ceases employment; companies may want to consider taking possession and sel{-storing
X-ray films to ensure that inadvertent destruction does not occur. It may be advisable to arrange
for centralized storage of films at a medical facility, with a written agreement specifying storage
conditions.

The International Standards Organization (ISO) has developed a standard 18911, /maging
Material —Processed Safety Photographic Films—Storage Practices, which provides guidance

for storing and preserving photographic film.>

87



National Industrial Sand Association

One of the most important factors affecting the storage life of radiographs is the amount
of residual thiosulfate left in the radiograph after processing and drying. Residual thiosulfate
comes from the fixer chemicals; thorough washing of the film after developing and fixing is
important. Testing for residual thiosulfate is beyond the capability of most member companies,
therefore it may be advisable to confirm with the X-ray provider that processing of the films
meets ISO criteria.

General guidelines for NISA members storing radiographs are as follows:

1. Store films at a temperature of 32°F-75°F and a relative humidity of 30 to 50 percent. Peak
temperatures for short time periods should not exceed 90°F, and relative humidity should not
exceed 60 percent.

2. Avoid cycling of temperature (+ 4° F) and relative humidity (+ 5% RII).

3. Avoid storage in the presence of chemical vapors.

4. Place each film in a protective folder, or if several films are stored 1n a single folder, place
interleaving paper between films

5. Never store unprotected films in sunlight or other bright light.

6. Avoid pressure damage caused by stacking a large number of films or by forcing more
radiographs than fit easily in a file drawer or on a shelf.

7. Avoid storage locations in which water damage could occur.

Quality Control

Technical quality control is an exceedingly important factor for chest radiographs, since
it has a dramatic effect on the interpretation and categorization of pneumoconioses. Film quality
ratings of Grades I and 2 are acceptable for the interpretation of pneumoconioses. Grade 4 or
unreadable film is unacceptable, and occurrences of Grade 4 film should be reduced to zero.

" Grade 3 films, which are “poor,” contain technical defects but are still acceptable for
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classification purposes. Though not stated, it is implied that the technical defects associated
with Grade 3 films could affect the 1L.O classification process. In occupational health
surveillance activities, when more than 1 in 10 chest films are considered to be Grade 3 or worse,
a review of the factors influencing technical quality is in order. This should serve as a minimum
goal. One must bear in mind, however, that reader assessment of quality is somewhat subjective
and that agreement among readers on quality grade is often poor. Thus, procedures for providing
feedback to stationary and mobile X-ray facilities and X-ray technicians to upgrade quality and
achieve high standards is a factor that must not be overlooked.

SPIROMETRY TESTING
BACKGROUND

Spirometry is a medical screening test that measures various aspects of breathing and
lung function, It is performed using a spirometer, a special device that measures the volume of
air a subject inhales or exhales and the rate at which the air is moved into or out of the lungs. The
most common spirometric tests require that the subject exhale as forcefully as possible after
taking in a full, deep breath. The subject’s effort is called the forced expiratory maneuver.

Spirometry is an important component of the NISA respiratory medical surveillance
program but is one that requires special attention from the spirometry provider to provide quality
data useful in a surveillance program. It should be emphasized that pulmonary function tests are
nonspecific; one can seldom make a diagnosis based on spirometric findings alone.>™* The total
clinical presentation, including medical history, physical examination, chest X-ray, and
appropriate ancillary laboratory studies, must be considered. Experience has shown that most

abnormalities on screening spirometry are not due to work-related disorders. Smoking,

89



National Industrial Sand Association

nonoccupational pulmonary disease, and other variables are more common causes of alterations
in pulmonary function.

In the past, spirometry practices in the industrial setting have experienced drawbacks due
to inadequate training of technicians, nurses and physicians to perform and interpret test results,
and certain spirometers have been found to be technically deficient. This has improved largely
due to the efforts of the ATS in upgrading spirometric instruments and practices.12 Spirometry is
used to affect decisions about individual employees, such as: “Does this worker have enough
evidence of impaired lung function to preclude working at a specific job? Should this person
have further tests to evaluate his/her lung function? How likely are these changes a result of
his/her dust exposure? Should treatment be considered?”

Answers to each of these questions based on spirometric maneuvers can have a dramatic
effect on a person's lifestyle, standard of living, and future treatment. For these reasons, NISA
members are encouraged to ensure that spirometry 1s conducted to meet stringent quality control
parameters. The physician or health professional performing spirometry for a member company
should be thoroughly familiar with and meet the guidelines in this subsection and the criteria of
the ATS.

The routine assessment of ventilatory function with a spirometer is a common practice in
occupational medicine.>* Properly conducted, spirometry is regarded as a useful component of
respiratory medical surveillance programs for baseline evaluation and periodic monitoring.

Routine follow-up studies of workers exposed to respirable crystalline silica can detect
pulmonary function loss in its earliest stages, although radiographic changes consistent with
silicosis will normally precede losses detected by spirometry that result from the inhalation of

respirable crystalline silica.
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Fundamentals of Spirometry

Spirometry 1s used to detect lung abnormalities that show obstructive or restrictive
patterns, or a combination of the two. Obstructive diseases or abnormalities interfere with the
flow of air into and out of the lungs. The underlying disease process frequently alters the
diameter or integrity of the airways, causing increased airflow resistance from bronchospasm,
mucosal edema, and increased production of secretions. Emphysema is one form of obstructive
disease. When individuals with emphysema exhale, especially if they exhale forcefully, the
airways narrow further or collapse. Asthma and chronic bronchitis aré other common obstructive
diseases. Restrictive diseases, such as asbestosis and silicosis, are caused by the development of
fibrotic (scar) tissue in the lungs that reduces the ability of the lungs to expand (i.e., they have
low compliance) but does not necessarily affect air flow. Disorders that affect the neuromuscular
functioning of the chest wall may also produce a restrictive pattern. Other lung diseases, such as
pneumonia, may show both obstructive and restrictive patterns.

There are two types of spirometers: (1) those that record the amount of air exhaled or
inhaled within a certain time (volume) and (2) those that measure how fast the air flows in or out
as the volume of air inhaled or exhaled increases (flow). Both are used in screening for lung
disease. If the primary measurements of interest are forced expiratory volume at one second

(FEV,, and forced vital capacity (FVC), which are volume measures, then an instrument that

measures volume directly will, in general, be superior to an mstrument that measures flow and
derives volume. The main advantage of flow-measuring devices is their smaller size and
portability. Howgver, flow-measuring devices are usually less accurate and more difficult to
calibrate and maintain. For the NISA OHP, volume spirometers are preferred over flow

spirometers.
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Certain diseases or conditions affect the rate at which air moves through the lungs
(obstructive diseases) or the ability of the Iungs to expand (restrictive diseases). Since spirograms
reveal both the rafe of air flow and the volume of air moved, they identify individuals who have
these diseases or conditions.

Three measurements obtained through spirometry are particularly useful: FVC, FEVI,
and the ratio of the FEV1 to the FVC.

The FVC is the total volume of air exhaled after a forced expiratory maneuver (the act of
exhaling as hard and fast as possible after maximal inspiration). FVC should not be confused
with vital capacity (VC), defined as the maximum amount of air the subject can breathe out after
the deepest inspiration, whether or not the air was exhaled forcefully. In subjects without airways

obstruction, the FVC is usually equal to the VC. The FEV1 1s the amount of air a person breathes

out during the first second of a forced expiratory maneuver (See Figure 4- 7).
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The ratio of the FEV, to the FVC is obtained by dividing the FEV, by the FVC. See
Figure 4-8 for an example on computing the FEV/FVC ratio. A person with a low FVC may

have a restrictive disease while a low FEV /FVC ratio may indicate an obstructive disease.

DEFINITION: FEV, as a Percentage of FVC (FEV/FVC() is the percent of the total
observed FVC that is exhaled in the first second (FEV,). This calculation is useful for
detecting obstructive disease. A person with healthy lungs can exhale 70-80% of the FVC in

the first second, while a person with airways obstruction may be able to exhale 60% or less of
the FVC in the first second.

HOW TO CALCULATE:
1. Calculate the /argest acceptable FVC and FEV |, even if they are not from the same tracing.
2. Divide the FEV, by the FVC.
3. Multiply the answer by 100 to obtain the percentage.
EXAMPLE: Calculation of FEV /FVC%:
Assume the largest acceptable FVCis 3.75 L.
Assume the largest acceptable FEV, 15 3.15 L.

FEV/FVC% = (3.15/3.75) x 100 = §4%

FiGURE 4-8—FEV | AS A PERCENTAGE OF FVC (FEV/FVC(C)

See Figures 4-9 and 4-10 of a patiern of restrictive and obstructive impairment compared

with a curve of a normal individual when using a volume spirometer.

Normal ~FVC=d4,21, FEV1=3.46, FEVI/FVC%=82% |~}

Restrictive FVC=3.18, FEV1=2.59, FEVIFVC%=82% {~~~)

Volume {iters)
L
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FIGURE 4-9— PATTERN OF RESTRICTIVE IMPAIRMENT
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FIGURE 4-10— PATTERN OF OBSTRUCTIVE IMPAIRMENT

For example, on the average, 70 to 80 percent of the FVC is exhaled in the first second
from a person who is healthy, while a person with airways obstruction may only be able to
exhale 6( percent or less of the FVC in the first second, even though the FVC may be normal. A

person with a low FVC typically will also have a low FEVI, indicating a possible restrictive

pattern. Some individuals may also show evidence of a combination of both airways obstruction

(low FEVI) and restriction (low FVC). See Figure 4-11 of a mixed pattern (restrictive and

obstructive) compared with a curve from a normal individual. It should be noted that some
clinicians may consider these curves to show an obstructive pattern instead of a mixed pattern. In
“many cases, the low FVC of a mixed impairment pattern is secondary to the air-trapping and

incomplete expiration of moderate or severe airways obstruction.
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FIGURE 4-11—MIXED PATTERN OF IMPAIRMENT
(RESTRICTIVE AND OBSTRUCTIVE)

Interpretation of Spirometry Results

Lung function increases rapidly with growth during childhood and adolescence, reaches a
peak sometime between the ages of 18 and 35, and then begins to slowly decline, even in healthy
persons.” Persons who grow relatively tall also have relatively large lungs when compared to
those who are shorter in stature. Women, on average, have lungs that are about 20 percent
smaller than men of the same height and age.” For a given standing height, African-American
men, on the average, have longer legs and a correspondingly shorter trunk size than Caucasian

men and therefore slightly smaller lungs.*”***

This explains most of the differences between
predicted values for Caucasian and African-American men. All of the above factors mean that to

optimally interpret spirometry results (observed values), you must first know the employee’s age,

height, gender, and race or ethnicity.
There have been dozens of studies published that have determined spirometry reference

values from groups of relatively healthy persons (normal values). NIOSH recommends following
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the most recent update of the ATS recommendations for interpretation of spirometry and
selecting reference values based on the third National Health and Nutrition Examination Survey
(NHANES III), published in 1999.%° It is crucial that providers of spirometry services for NISA
member companies use the NHANES I1I reference values for comparison purposes. The
NHANES III study provides a separate set of spirometry reference equations for men and women
of African-American, Caucasian, and Mexican-American ethnic groups. The NHANES III study
did not provide spirometry reference equations for Asian-Americans, American Indians, East
Indians, or other ethnic groups.

The decision about whether spirometric tests are “normal” is made by cemparing the
workers results with the NHANES III predicted normal values. In all studies of predicted normal
values, several factors, including age, height, sex, and race, have been found to affect lung
capacity and flow rates. Just as with eyesight and hearing, pulmonary function declines
predictably with advancing age. Taller individuals tend to have larger lung volumes, so when
height is measured, the subject should be in stocking feet to preclude the influence of heels of
varying heights. Men generally have larger lung volumes than do women of the same age and
height.

The subject’s FVC or FEV, can be expressed as a percentage of their predicted normal

values:

Observed FVC

% Predicted FVC = St edicted FVC X
T edicte

100

Observed FEV,

% Predicted ’'EV, = ot edicted FEV x
redicte :

100

Spirometry results must be interpreted by a physician, preferably one trained in

pulmonary medicine. A diagnosis of pulmonary disease can seldom be made based on
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spirometry alone; however, spirometry is an important part of the total clinical presentation.
Most pulmonary abnormalities measured by spirometry are not due to work-related disorders but
rather to smoking, nonoccupational pulmonary disease, and other respiratory conditions. Certain
patterns of disordered lung function can be recognized, and although the patterns are seldom
characteristic of a specific disease, they can be used to identify the various types of clinical
illnesses related to the type of abnormal lung function.

Chronic obstructive pulmonary disease (COPD), which includes emphysema and chronic
bronchitis, is characterized by a pattern of airway obstruction and reduced airflow. Chronic
bronchitis is diagnosed when an individual has excessive airway mucus secretion (sputum),
leading to a persistent productive cough. The production of excessive mucus can lead to a
narrowing of the large and small airways, making it more difficult to move air in and out of the
lungs. Emphysema is characterized by a permanent destruction of the alveoli, the lungs’ tiny
elastic air sacs, where exchange of carbon dioxide and oxygen takes place. The destruction of the
alveoli causes small air passages, called bronchioles, to narrow or collapse, which in turn limits
airflow out of the lung.

When airways narrow as a result of chronic bronchitis or collapse as a result of
emphysema, the affected individual has difficulty exhaling air from the lungs. Airway
obstruction is determined by using spirometry to measure FEV, and FVC, expressed as a
percentage of FVC, namely, FEV /FVC%. In obstructive airway disease, these measurements are
reduced. Figure 4-12 shows a narrowed airway from bronchitis, a form of obstructive pulmonary
disease.

Restrictive lung diseases caused by pulmonary fibrosis, such as silicosis, lead to a
stiffening of the lungs as a result of the presence of fibrotic tissue. Rather than obstructing or

collapsing the airways, as with chronic bronchitis and emphysema, fibrosis increases the stiffness
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of the lungs, restricting the lungs’ ability to expand fully on inhalation. Spirometry showing a
restrictive response pattern is characterized by a reduction in lung volumes and ventilatory

capacity, measured by a reduction in FVC, with normal FEV /FVC%.

EXCRSE MUCUS alveoli

/

bronchial tuba

FIGURE 4-12—BRONCHITIC AIRWAY SHOWING THE NARROWING OF THE AIRWAY
CHARACTERISTIC OF AN OBSTRUCTIVE PATTERN OF PULMONARY IMPAIRMENT

A mixed pattern of obstructive and restrictive impairment may be present in a worker
with complicated silicosts or when more than one disease process (for example, silicosis and
emphysema) 1s present. In complicated silicosis, large masses of fibrosis reduce the ability of the
lungs to expand and reduce FVC. Obstruction may also be present, presumably because of
increased airway resistance and alveolar abnormalities.

Table 4-2, Lung Diseases and Spirometry Results, shows the possible relationships
between spirometry results and lung disease, and Table 4-3, Guidelines for Assessing Degree of
Ventilatory Impairment, provides useful guidance for comparing spirometry results with normal

values to assess the degree of pulmonary impairment.
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LUNG DISEASES AND SPIROMETRY RESULTS

Interpretation FEV/FVYC% FVC FEV,
Normal person normal normal normal
Alirway Obstruction low normal or low low

Lung Restriction normal low low
Combination of low low low

Obstruction/Restriction

Adapted from Chronic Obstructive Pulmonary Disease, 5™ Edition [1977]. American Lung Association
(46).

TABLE 4-2—1 . UNG DISEASES AND SPIROMETRY RESULTS

GUIDELINES FOR ASSESSING DEGREE OF VENTILATION IMPAIRMENT

Interprefation Obstructive Pattern Restrictive Pattern
Normal FEV,/EVC% > LLN FVC=LLN

Borderline FEV/FVC<LLN & FEV, 2 LLN

Mild FEV| <100 & > 70% Pred FVC <LLN & > 70% Pred
Moderate FEV, <70 > 50% Pred FVC <70 & > 50% Pred
Severe FEV, = 50% Pred FVC = 50% Pred

Adapted from American Thoracic Society: Lung function testing: Selection of reference values
and interpretative strategies [1991]. American Review of Respiratory Diseases 144:1202-1218
(30).

TABLE 4-3—GUIDELINES FOR ASSESSING DEGREE OF VENTILATORY IMPAIRMENT

ATS Standardization of Spirometry

As discussed above, it is imperative that spirometry be conducted to mect stringent
quality control parameters. The physician or health professional performing spirometry for a
member company should be thoroughly familiar with and meet the published guidelines for
conducting spirometry. Guidance can be found in ATS 1994 (Appendix F), ATS-ERS (European
Respiratory Society) (Appendix G) and ACOEM (Appendix H). Spirometry providers should be

familiar with and follow the guidelines adopted by these organizations.
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A checklist, developed from the criteria of these publications, of some of the items to

- assess in choosing a spirometry provider is provided in Appendix H. Questions concerning the
adequacy of spirometry testing should be directed to the company physician or independent
pulmonologist who evaluates the spirograms. Manufacturers should provide documentation that
their instruments have been tested by an independent laboratory. If such documentation is not
available, the equipment should be approached with caution—it may not meet the ATS criteria.
A laboratory widely recognized for providing independent testing of spirometers 1s the

laboratory of the Latter Day Saints Hospital, Salt Lake City, Utah.

TUBERCULIN TESTING

It has been known for a very long time that tuberculosis (TB) can complicate silicosis.
Sufficient silica exposure, with or without silicosis, can decrease the ability to fight lung
infections caused by TB, non-tuberculous mycobacteria, and fungi.'>" A type of cell called a
macrophage is needed to kill these kinds of infectious organisms. With sufficient exposure to
silica, macrophage killing ability is impaired, and resistance to infection is decreased. Impaired
defense mechanisms in the lung increase the risk that TB infections will get out of control and
progress to serious, contagious disease. Thus, it is imﬁortant to detect and treat TB infection
early to prevent progression.

Early inactive tuberculosis infection, called latent tuberculosis infection (LLTBI), can be
detected using two kinds of tests: the tuberculin skin test (TST) or a blood test (either the
QuantiFERON-TB Gold test or the QuantiFERON-TB Gold In-Tube test (referred to as the “QF
test”).'>'® TST should be performed by intradermal injection of purified protein derivative
(PPD), using the Mantoux technique. A two-step TST (TTST) should be performed for initial
baseline testing, following current Centers for Disease Control and Prevention (CDC) guidelines

for detecting and evaluating tuberculosis.'> Depending on the company’s location, it may be
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appropriate to have testing performed by the state or local health department, since medical
personnel at these locations may have more experience administering the TST. Alternatively,
initial baseline testing can use a single QF test. Subsequent periodic testing would use a single
TST or QF test.' A positive TST or QF test is evidence of TB infection but does not
difterentiate between L'TBI (inactive) and active disease. Because these are treated differently,
further medical study is required to evaluate those people found to have TB infection.

Baseline testing using TTST or a single QF test should be considered upon entry into
employment associated with silica exposure. If not aiready done, baseline testing should be
performed in workers with more than 25 years of exposure and those with radiological evidence

of silicosis (1/0 or greater profusion category using the ILO cl.assiﬁcation).12’13’l4

Because of the
high risk that untreated LTBI could progress, early detection by periodic testing for LTBI should
be performed annually in those with X-ray evidence of silicosis (1/0 or greater profusion
category using the TLO classification). Periodic testing should also be considered for workers
with more than 25 years of silica exposure but without evidence of silicosis. Those with
significant silica exposure histories or silicosis who are exposed to individuals with active TB
should be at high priority for follow-up TST or QF testing in contact investig::ltions.15 A6L7

To prevent progression to active disease, anyone with a significant silica exposure history

or silicosis who is found to have LTBI should be offered antimicrobial treatment. '

KIDNEY TESTS

As discussed in Section 2, whether or not silica exposure is associated with kidney
diseases has not been established at the present time through medical studies. *™#!#243:44:45.46
Nonetheless, because there have been some studies indicating a possible link, and because there
are screening tests available that will allow early detection, the OHP includes blood pressure

measurement and some routine urine and blood tests to determine how well the kidneys are
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functioning. In addition to recommending blood pressure measurement, the National Kidney
Foundation recommends a check for protein or albumin in the urine (proteinuria), and a
18,19,20

calculation of glomerular filtration rate (GFR) based on a serum creatinine measurement.

Measuring urea nitrogen in the blood (BUN) provides additional useful information.

Blood Pressure Measurement

High blood pressure can lead to kidney disease. It can also be a sign that kidneys are
already impaired. The only way to know whether blood pressure is high is to have a health
professional measure it with a blood pressure cuff. The result is expressed as two numbers. The
top number, called the systolic pressure, represents the pressure when the heart is beating.”’ The
bottom number, called the diastolic pressure, shows the pressure when the heart is resting
between beats. Blood pressure is considered normal if it stays below 120/80 (expressed as “120
over 807). The National Heart Lung and Blood Institute (NHILBI) recommends that patients with
hypertension (high blood pressure) use antihypertensi.ve medications to achieve a blood pressure
goal of 140/90, and for people with kidney disease or diabetes use whatever therapy is necessary,
including lifestyle changes and medicines, to keep theif blood pressure below 130/80.%
Protein in the Urine

Healthy kidneys remove creatinine and urea from the blood but leave protein.”® Impaired
kidneys may allow albumin to leak across glomerular membranes. At first, only small amounts
of albumin may leak into the urine, a condition known as microalbuminuria, a sign of
deteriorating kidney function. As kidney function worsens, the amount of albumin and other
proteins in the urine increases, and the condition is called proteinuria.

The OHP recommends a quantitative measurement for protein or albumin in the urine
involving laboratory measurement and calculation of the protein-to-creatinine or albumin-to-

creatinine ratio. If a laboratory test shows high levels of protein, the test will be repeated one to
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two weeks later.”” If the second test also shows high levels of protein, additional tests may be
necessary to evaluate kidney function.
Glomerular Filtration Rate (GFR) Based on Creatinine Measurement

GFR is a calculation of how efficiently the kidneys are filtering wastes from the blood.
Creatinine is a waste product in the blood created by the normal breakdown of muscle cells
during activity.”® Healthy kidneys take creatinine out of the blood and put it into the urine to
leave the body. When kidneys are not working well, creatinine builds up in the blood.

The blood is tested to see how many milligrams of creatinine are in one deciliter (1/10™
of a liter) of blood (mg/dL.) *°. Creatinine levels in the blood can vary, and each laboratory has its
own normal range, usually 0.6 to 1.2 mg/dL. If creatinine levels are only slightly above this
range, a person probably will not feel sick, but the elevation is a sign that the kidneys are not
working at full strength. Because creatinine values are so variable and can be affected by diet, a
GIR calculation is more accurate for determining whether a person has reduced kidney function.

The new GFR calculation uses the person’s creatinine measurement along with weight,
age, and values assigned for gender and race.

Blood Urea Nitrogen (BUN)

Blood carries protein to cells throughout the body. After the cells use the protein, the
remaining waste product is returned to the blood as urea, a compound that contains nitrogen.
Healthy kidneys take urea out of the blood and put it in the urine. If kidneys are not working
well, the urea will stay in the blood.

A deciliter of normal blood contains 7 to 20 milligrams of urea. If BUN is more than 20
mg/dL, the kidneys may not be working at full strength.”® Other possible causes of an elevated

BUN include dehydration and heart disease.
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MEDICAL ASSESSMENT OF THE ABILITY TO WEAR A RESPIRATOR

A worker should not be assigned to a job requiring the use of a respirator unless it has
been determined that he or she is physically able to perform the work and use the respirator
properly and safely. This assessment should be made by a physician or other licensed health care
professional (PLHCP) and should take into account the employee’s health, the respirator, and the
work conditions. Where examination by a physician is not practicable, OSHA allows other
licensed health care providers to perform medical evaluations using a medical questionnaire or
an initial medical examination that obtains the same information as the medical questionnaire.
The term PLHCP means an individual whose legally permitted scope of practice (i.€., license,
registration, or certification} allows him or her to independently provide, or be delegated the
responsibility to provide some or all of the health care services required by OSHA for medical
evaluation.

The following medical evaluation guidelines are adapted from NTOSH Publication 2005-
100, NIOSH Respirator Decision Logic NIOSH Resp Decision Logic, Appendix H, Medical
Aspects of Wearing Respirators, of NIOSH Publication 91-1 19, NIOSH Criteria fora
Recommended Standard — Occupational Exposure to Ethylene Glycol Monomethyl Ether,
Ethylene Glycol Monoethyl Ether and Their Acetates, % and the OSHA Respiratory Protection
Standard codified at 29 Code of Federal Regulations 1910.134(e).” This guidance should be
provided by NISA member companies to the PLHCP who assesses the workers’ ability to use
respirators.

The following guidelines assume that workers are wearing air-purifying respirators under
moderate exercise conditions, as typically found at industrial sand facilities. If workers are
required to wear heavy respirators, such as self-contained atmosphere-supplying types, or are

required to perform tasks equivalent to heavy exercise, then the stress on the cardiovascular
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system can be significant. Under such conditions, the references above and other respirator
literature should be consulted.”™!
Physician’s Evaluation

The PLHCP should make the medical determination of the worker’s fitness to wear a
respirator by considering the worker’s health, the type of respirator, and the work conditions.
This recommendation satisfies the OSHA standard and leaves the medical decision about an
individual’s fitness to wear a respirator to a person qualified to evaluate the clinical variables.”*
Much of the clinical and other data can be gathered by other personnel. It should be emphasized
that the clinical examination alone is only one part of the fitness determination and that
collaboration with foremen, industrial hygienists, and others may often be needed to better assess
the work conditions and other factors that affect an individual’s fitness to wear a respirator.
OSHA has developed a Respirator Medical Evaluation Questionnaire that is mandatory in
providing the medical evaluation for respirator use. The form for the evaluation can be found in
29 CFR 1910.134, Appendix J.
Medical History and Physical Examination

The medical evaluation should emphasize the evaluation of the cardiopulmonary system
and elicit any history of respirator use. The history is an important tool in medical evaluation and
can be used to deteét most problems that might require further evaluation. The physical
examination should confirm the clinical impression based on the history and detect any
important medical conditions {such as hypertension) that may be asymptomatic.

NIOSH recommends that the person conducting the evaluation consider the following
conditions in selecting or permitting the use of respirators:*®
= History of spontaneous pneumothorax {collapsed lung).

= (Claustrophobia or anxiety reaction.
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* Moderate or severe pulmonary disease.
* Angina pectoris, significant arrthythmias, or recent myocardial infarction.
»  Symptomatic or uncontrolled hypertension.

= Age.

It seems unlikely that wearing a respirator would play any significant role in causing lung
damage such as pneumothorax. However, without evidence that wearing a respirator does not
cause such lung damage, it is prudent to prohibit an individual with a history of spontaneous
pneumothorax from wearing a respirator.

Moderate lung disease is defined by ATS/ERS as forced expiratory volume in one second
(FEV)), divided by a forced vital capacity (FVC), that is, FEV/EFVC, of 60 to 69 percent."
Similar limits can be set for age and hypertension. It seems more reasonable, however, to
combine several risk factors into an overall estimate of fitness to wear respirators under certain
conditions. Here, the judgment and clinical experience of the physician are needed. In many
cases, even impaired workers are able to work safely while wearing respirators if they can
control their own pace and are allowed adequate rest breaks.*”*

Chest X-Ray and Spirometry

Although, a chest X-ray and/or spirometry may be medically indicated in some fitness
determinations, these tests need not be routinely performed for assessing the ability to wear a
respirator. For industrial sand workers, the medical surveillance guidelines fof silicosis prescribe
periodic chest X-ray examinations and optional spirometry for exposed workers. Because the
results of these tests are available, they may be used by the physician in determining fitness to

wear a respirator; however, chest X-rays and spirometry are not routinely recommended for

respirator fitness evaluations. In most cases, if the worker’s history and physical examination
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result in a negative clinical evaluation, X-rays and spirometry are unlikely to influence the
fitness determination. In general, chest X-rays do not accurately reflect a person’s
cardiopulmonary status, and limited studies suggest that in most cases, mild to moderate
impairment detected by spirometry does not preclude the wearing of a respirator. Spirometric
values alone cannot be used to determine a worker’s fitness to wear a respirator and may even
give misleading indications of fitness.

Psychological and Physiological Problems of First-Time Wearers

The first-time respirator wearer should be observed for a trial period to evaluate potential
psychological and physiological problems. In addition to assessing medical considerations, the
physician or another qualified person should determine if wearing a given respirator will cause
extreme anxiety or a claustrophobic reaction in the individual. This can be done during training
while the worker 1s wearing the respirator, and the respirator should be worn continuously for at
least 30 minutes. During at least part of this time, the worker should engage in exercise that
approximates the actual work situation.

A worker should be provided the opportunity to wear the respirator “in normal air for a
long familiarity period.”*® This period should also be used to evaluate the ability and tolerance of
the worker to wear the respirator.* This trial period need not be associated with respirator fit
testing and should not compromise the vital fit-testing procedure.

Frequency of Respirator Fitness Determinations

At a minimum, OSHA requires that additional medical evaluations take place if a worker
reports medical signs or symptoms related to his or her ability to wear a respirator; the PLHCP or
administrator of the respirator program finds that the worker needs to be reevaluated; feedback

from the respirator protection program, including fit testing and program evaluation, indicates a
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need for reevaluation; or there is a change in job duties (e.g., physical demand of work,
additional protective equipment requirements, temperature extremes) that might result in
increased physiological burden to the worker. NISA member companies should consider
including a respirator evaluation as part of the periodic medical evaluation for exposure to
crystalline silica. These guidelines are based on clinical judgment and, like the other
recommendations in this Sectiﬁn, should be adjusted as clinically indicated.

Summary of Respiratory Fitness Determinations

Individual judgment is needed in determining the factors affecting an individual’s fitness
to wear a respirator. Although many of the guidelines above are based on limited evidence, they
provide a useful starting point for a respirator-fitness screening program. In general, if a worker
is able to do his or her job safely without a respirator, he or she will usually be able to do it
safely while wearing a respirator.

RECORD KEEPING AND WORKER NOTIFICATION

All medical records obtained on workers should be retained for at least 30 years after the
worker ceases employment. This is necessary because of the chronic nature and long latency of
silicosis, and because the records may also be useful in assessing the adequacy of occupational
standards.

The examining physician or other health professional should provide the employer with
the results of the medical examination. Any abnormalities detected, whether occupational or
nonoccupational, should be disclosed to the employee with an appropriate recommendation for
medical follow-up. The opinion should be prepared to (1) assist the company in developing
baseline measurements on the employees, (2) inform the company about any medical condition

or change in an employee’s condition from exposure to silica or other job-related factor, (3)
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recommend restrictions regarding a worker’s exposure to silica, and (4) advise the company
regarding the worker’s ability to wear a respirator or other protective equipment. The worker
should be provided a copy of the examination results, and evidence that this has been done
should be obtained.

FREQUENCY OF EXAMINATIONS

Baseline Examinations

Before a worker is assigned to a job with potential exposure to crystalline silica, a
medical examination should be completed to establish a baseline on the worker’s respiratory
health status. The examination should include, as a minimum, a medical history, including a
respiratory symptom questionnaire and smoking history; a complete occupational and job
history; a medical evaluation of the thorax, as indicated; a PA chest X-ray; spirometry, tuberculin
testing, and any.additional tests ordered by the company or examining physician.

Periodic Examinations

With the exception of chest X-rays, medical evaluations should be administered at least
every 2 years and should be comprehensive examinations that include the elements of the
baseline examination. |

The frequency of X-ray examinations depends on the number of years since first
exposure to silica dust, the age of the worker, and whether any signs or symptoms are present.
During the first eight years following a worker’s exposure to silica dust, X-rays should be taken
at four-year intervals. After eight years from the first job-related exposure to silica, the age of the
worker will determine the frequency of X-ray examinations. Up until age 35, X-rays should be

taken at four-year intervals. After age 35 and a combined eight years of silica exposure, X-rays
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should be taken every two years. Table 4-4 summarizes the recommended frequency of X-ray
examinations.

Workers who experience respiratory symptoms such as shortness of breath should receive
X-rays as determined by a physician. Likewise, workers whose X-rays show changes consistent
with pneumoconiosis should receive X-rays and medical evaluations more frequently, as

medically indicated, to monitor any progression or changes.

Age of Employee

Years Since First

Silica 15-35 >35
Exposure

0-8 Every 4 years Every 4 years
>8 Every 4 years  Every 2 years

TABLE, 4-4—FREQUENCY OF CHEST X-RAYS
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TABLE A-1—TABLE OF INTERNATIONAL EXPOSURE LIMITS VALUES (IN MG/M’) FOR CRYSTALLINE SILICA

OEL Name Adopted by Quartz Cristobalite Tridymite
Argentina 0.1 0.05 0.05
Australia National Exposure Standard National Occupational Health and Safety Commission 0.1 0.1 0.1
Austria Maximale ArbeitsplatzK.oncentration Bundesministerium fitr Arbeit und Soziales 0.15 0.15 0.15
Belgium Ministére de 1’Emploi et du Travail 0.1 0.05 0.05
Canada — Alberta 0.1
Canada- Nova
Scotia 0.1
Canada- Ontario 0.1
Canada — Quebec 0.1
Denmark Threshold Limit Value Direktoratet fot Arbeidstilsynet 0.1 0.05, 0.05
Finland Occupational Exposure Standard National Board of Labour Protection 0.2 0.1 0.1
Empoussiérage de reference Ministére de 1'Industrie (RGIE) 5 25k/Q!
France Valeur limite de Moyenne d’Exposition Ministére du Travail 0.1 0.035 0.05
Germany Grenzwert nach TRGS 900 Bundesministerium fiir Arbeit 2 - -
Greece Legislation for mining activities 0.1° 0.05 0.05
2002 Code of Practice for the Safety, Health & Welfare at Work
Ireland (CoP) 0.05 0.05 0.05
Italy Threshold Limit Value Associazone [taliana Degli Igienisti Industriali 0.05 0.05 0.05

' Where k = noxious coefficient (equal to T) and Q = quartz percentage.

% In Germany there are no OELs for crystalline silica since 2005; instead of an OEL there is a workers health protection system.

? According to Mining Legislation Code and the Presidential Decree 307/1986, the occupational exposure limit value to respirable crystalline silica is calculated according to the following formula:
OEL = 10/ (3Q+2) where Q= % concentration of free crystalline silica in the respirable fraction of the dust.
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TABLE A~-1—TABLE OF INTERNATIONAL EXPOSURE LIMITS VALUES (IN MG/M3) FOR CRYSTALLINE SILICA

OEL Name Adopted by Quartz Cristobalite Tridymite

Luxembourg Grenzwert nach TRGS 900 Bundesministerium fiir Arbeit 0.15 0.15 0.15
Netherlands Maximaal Aanvarde Concentratie Ministerie van Sociale Zaken en Werkgelegenheid 0.075 0.075 0.075

Administrative Normer (ShTWA) for
Norway Forurensing [ Arbeidsmilji@et Direktoratet for Arbeidstilsynet 0.1 0.05 0.05
Portugal Threshold Limit Value Instituto Portuges da Qualidade, Hygiene & Safety at Workplace 0.1 0.05 0.05
South Africa 0.1

Valores Limites 1) Instituto Nacional de Seguridad e Higiene 0.1 0.05 0.05

2) Reglamento General de Normas Basicas de Seguridad Minera 525k/Q!

Spain 2.1) New proposal (except coal mining) 0.1 0.05 0.05
Sweden Yrkeshygieniska Grinsvirden National Board of Occupational Safety and Health 0.1 0.05 0.05
Switzerland Valeur limite de Moyenne d’Exposition 0.15 0.15 0.15
United Kingdom Workplace Exposure Limit. Health & Safety Executive 0.1 0.1 0.1
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Note: At the user’s discretion, either Form B-1a or Form B-1b may be used to record pump calibration data.

NISA Occupational Health Program
FORM B-1A—PUMP CALIBRATION RECORD

Location . Purnn Rumber .
Berson
Calitirated Calibration Sampling Performing

Date Flow Rate Method Location Calibration
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Note: At the user’s discretion, either Form B-1a or Form B-1b may be used to record pump calibration data.

NISA Occupational Health Program
ForM B-1B—PuMP CALIBRATION RECORD

Date Pump number e Cabibrated flow rate

Location where pump calibrotion was performed

Sampling location

Mine narme and location

Calibration method

Datewhen pump flow rate was rechecked I} Aceptable " Not accestable

Signature of persan pérfu rming calibration
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Note: At the user’s discretion, either Form B-1a or Form B-1b may be used to record pump calibration data.

NISA Occupational Health Program
FORM B-1A—PUMP CALIBRATION RECORD (SAMPLE)

Location Millville Corpeorate QOffice Pump Number 02295
Parsan
Calibrated Calibration . Sampling Performing
Date Flow Rate Method Location Calibration
1/15/96 1.7 lpm Mini-Buck Mauricetown C. Abel
1/30/96 1.7 lpm Mini-Buck Goff C. Abel
2715796 1.7 lpm Mini-Buck Upper Twp D. Smith
3/71/96 1.7 lpm Mini-Buck Port E. Jones
3/15/96 1.7 lpm Mini-Buck Goff C. Abel
4/10/96 1.7 lpm Mini-Buck Accurez E. Jones
5/15/96 1.7 lpm Mini-Buck Divid. Creek| M. Johnson
6/12/96 1.7 1pm Mini-Buck Mauricetown C. abel
T7/1796 1.7 lpm Mini-Buck Accurez E. Jones
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Note: At the user’s discretion, either Form B-1a or Form B-1b may be used to record purnp calibration data.

NISA Occupational Health Program
Forwm B-1B—PUuMP CALIBRATION RECORD (SAMPLE)

Date 6/12/10 Pump number

022595

Calibrated flow rate 1.7 Ipm

Location where pump calibration was performed

East Division
Lunc room

Sampling locaticn

East #1 dryer operation

Mine name and location

East Division
ABC Corpaoration
Winchester, VA

Calibration method

Mini-Buck Calibrator

Date when pump flow rate was rechecked 7/1/10

Acceptable [] Not acceptable

Ed Jores
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NISA Occupational Health Program
FORM B-2—RESPIRABLE-DUST/SILICA SAMPLING DATA SHEET

Plant Sample number
Typa of sample: 5 Personal braathing zone O Work area O Other
if breathing-zone sample; was respirator used? [T Yes CiNo
Employee Saclal Security no,
Dafe of sample Obtained by

Description of job activity/work area:

Weather conditions: [Z Clear 1 Overcast CIRalnfsnow O Windy
Filter no. Pump no. Calibration date
Time: Start Stop

Ratameter reading (liters per minute): Start Stop

Filter blank no.
Average flow rate (liters per minute) x Duration of sample (minutes) x 0.001 = Volume of air sampled (cubic meters)

% x 0.001 =
Analytical Results:
Respirakle dust (mg) Respirable sitica img)  or (%)
Analytical method Marne of lab
% Respirable sifica Respl_rable sitica (m.uEI.lgrams) 100 — o
Raspirabie dust (milligrams)
L 10 - .
Exposure limit = = milligrams per cubic meter

2 + % Respirable silica
{If % = 25, use 25, not 0.25.)

Respirable dust {milligrams) B
Volume of air sampled (cubic metars)

Respirable dust concentration = milfigrams per cubic meter
Respirable dust concentration

% Exposure = =
Exposure limit

x 100 = %

{if rasult exceeds 100%, the exposure limit i5 exteaded )

Exposure Classification

% Exposure {Circle One}
<50 v
50-100 i
>160 Il
Data approved and filed:
Signature Date
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FORM B-2 (SAMPLE)
Plant _ Number 1 Sample number
Type of sample: # Personal breathing zone [ Work area 0 Other
if breathing-zone sample; was respirator used? R Yas ONeo
Emgloyee Gecrge Wilson Sacial $ecurityne. _ 018-64-8192
Date of sample _August 16, 1994 Cbtained by 0. K. Sampler

Description of joh activityfwork area; _ Cleaning screens

Weather conditions: H Clear [ Overrast [0 Rainfsnow & Windy

Filter no. 2692 Pumpro. . 03 Calibrationdate_ 8/16/94
Time: Stat_ 3:00 a.1m. Stop_4:00 p.m.
Rotameter reading (Iiters per minute}: Start 7 liters/min Stop_1.7 liters/min

Filter blank no. _ 2693

Average flow rate {liters per minute} x Duration of sample {minutes) x 0.001 = Volume of air sampled (cubic meters)
1.7 x 480 x 000t =_0.816

Analytical Results:
Respirabledust _ ©@. 110  (mg Respirablesiica 0. 040  fmg) or Respiradlesilia _36 {")
Analytical method _ ¥-TayY Mameoflab _ Green Mount

Respirable silica {miliigrams)

100 = _36 %
Respirable dust {milligrams) ‘

% Respirable silica =

.. 10 .
Exposure limit = = 0.26  milligrams per cubic meter
P 2 + % Respirable silica d .

{if % = 25, use 25, not 0.25.)

Respirable dust concentration = Respirabie dust (milligrams) =0.13 milligrams per cubic meter

Volume of air sampled (cubic meters)

Raspirable dust concentration
Exposure limit

% Exposure = x 100 = 30 %

(if result exceeds 100%, the exposure fimit is exceeded.)

Exposure Classification

% Exposure {Circle One}
<50 |
50-100 CiD
>100 Iil
Data approved and filed:
Signature Date
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NISA Occupational Health Program
FORM B-3—EMPLOYEE ACTIVITY LOG FOR DUST SAMPLING

Plant Employee wearing sampling pump

Dept. Date Shitt

The decriptions below must accurately reflect ALL ACTIVITIES performed by the employee.
Please note any SPECIAL CONDITIONS ohserved.

Hourt{ending ___ :  am./p.m.)
Hour2{ending_____ :  am./p.m.}
Hour3{ending__ :  a.m./p.m.}
Hourd{ending __:  am./p.m.)
HourS(ending ___ :  am./pm.}
HourBfending__  :  am.fp.m.)
Hour 7(ending . :  am./p.m.)
Hour8(ending ___:  am./p.m.}
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NISA Occupational Health Program
FORM B-3—EMPLOYEE ACTIVITY LOG FOR DUST SAMPLING (SAMPLE)

Plant _Mauricetown Employee wearing sampling pump __Sam_ Smith
Dept. _Dryer Date _2/210/36 shift 6:00am-2: 00pm

The decriptions below must accurately reflect ALL ACTIVITIES performed by the employee.
Please nate any SPECIAL CONDITIONS observed.

Hour 1 {ending 7 :00 @.’p.m.) Checked bins 2 times

5 minutes each time

Hour 2 (ending _ 5:00 @,’p,m_) Changed screens —- 60 mesh

15 minutes

Mour 3 {ending ___2:00C @Ip.m,) Contrel room, entire hour

Hour 4 (ending _10:00 @!p,m.) Loaded 3 dump trucks
with 60 sand

Hour 5 (ending _11 : 00 @]p_m_) Control room, 50 minutes
Checked bins 1 time, 10 minutes

Hour 6 (ending _12:00_a.m. /§m) Lunch rocm, 30 minutes

Control room, 30 minutes

Hour 7 {ending 1 : 00 a,m,]@) Changed screeng -- 40 mesh

15 minutes

Hour 8 {ending __ 2:00 a,m_f@) Control room, 4% minutes

Cleanup, 15 minutes
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NISA Occupational Health Program

FORM B-4—RESPIRABLE CRYSTALLINE SILICA SAMPLING SUMMARY

Company Plant
TWA TWA
Concentration of Permissible % Exposure Concentration of
Description of Sample Respirable Exposure {concentration/ Respirable
Sample Percent Dust Limit _EXpOsure Crystalline
Date Number lab Area Source Silica {mafm) (Mgl limit) Silica (mg/m?)

Note: TWA = time-welighted average,

137




Comp&gy ABC Company

NISA Occupational Health Program
FORM B-4—RESPIRABLE CRYSTALLINE SILICA SAMPLING SUMMARY (SAMPLE)

Bamt _Anyplant

5%

Fo070

TA TWA
Concentration of | Permissible % Exposure | Concentration of

Description of Sample Respirable Exposure {eopeentrationd | Respirable.

Sample - Percent Dust Limit SXROSUTE Crystaliine

Date Hupber Job Area Sobrce Silica (o) {mgfr} liemit) Silica {mgfme)
G/1B/96 DIOR1ER503 | Deyer opser Dryar 0% 276 .19 143% G ‘1353
G/16796 1 Q106169504 |Bulk Toader e 40% 0.333 G238 139% &.13%
B/LE/8E 106169505 Lomd-out iy 36% G.171 0.263 55% 8.061
6/16/96 0106169506 | Labover Bagaer 25% &.0%0 $.370 2% 0.024
G/16/96 | OL06RED507T |Lloader oper Yard 27% 2.312 0.370 24% 0.085
6/16/98 QLOIERRGE Bin yoom [y v 1,880 (.294 LR G.580
E/16/96 (06169508 | Bagignr Eagaer {.192 1E% 03,035

Note: TWA = time-weighted average,
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NISA Occupational Health Program
FORM B-5—GUIDE FOR EMPLOYEE NOTIFICATION OF DUST SAMPLE RESULTS

This document provides notification guidelines for informing employees of dust sampling
results, Notification is primarily directed at personal sample results; those samples collected by
both government regulators and the company or its designated agent.

The following constitutes guidelines for notification:

Emplovee Notification of Dust Sample Results

Plant:

Employee Sampled:

The results of your dust sampling for [date] showed a result of [XXXX mg/m’].

The Exposure Limit is [XXXX mg/m3] and therefore vour exposure was within [or in excess of]
this limit. During the sampling period, your activity log indicated that you were doing [work
activity description]. The following actions [for excessive exposures] are being investigated to
reduce future exposures to yourself [list actions].

Date Notified:

Supervisor Signature:

For documentation purposes the above notification should be delivered orally and in writing.
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APPENDIX C—DESCRIPTIVE AND
INFERENTIAL STATISTICS

For instructive purposes, imagine the sampling data below in Table J-1 came from a plant
where the samples were taken over approximately an 18-month period at a dryer operation. The
jobs sampled were of the dryer operator and his helper. Notice the initial samples taken on June
16, 2004 were quite a bit above the PEL with the operator exposed at 43 percent above the PEL
0f 0.192 mg/m3 and the helper’s exposure at 39 percent above the PEL of 0.238 mg/m3. No
doubt because of these samples, corrective actions were taken and the results of follow-up
measurements in November were reduced to 65 percent and 76 percent of the PELs for the
opefator and his helper, respectively. Apparently additional measures were taken to reduce dust,
and the percentage of exposure to the workers continued to fall.

Table C-1—Dryer Operation Dust Sampling Data

Company: ABC Company Plant: Any
Date Source | Job % Silica | TWA Conc. of | PEL | % Exposure
Respirable Dust
6-16-04 | Dryer | Dryer Operator | 50 0.276 0.192 | 143
6-16-04 | Dryer | Dryer Helper | 40 0.333 0.238 | 139
11-26-04 | Dryer | Dryer Operator | 36 0.171 0.263 | 65
11-26-04 | Dryer | Dryer Helper |25 0.283 0.370 | 76
7-11-05 | Dryer | Dryer Operator | 27 0.171 0.345 1 50
7-11-05 | Dryer | Dryer Helper |32 0.145 0.294 ;49
1-27-06 | Dryer | Dryer Operator | 54 0.051 0.179 | 28
1-27-06 | Dryer | Dryer Helper | 44 0.063 0.217 | 29

This data can be analyzed using various statistical formulas, using computer statistical
packages, or by using formulas that are embedded in spreadsheets such as Microsoft Excel. A

special application for industrial hygiene data can be obtained from the website of the American
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Industrial Hygiene Association. This spreadsheet can be found by connecting to www.atha.org,
mousing over the “Inside ATHA” menu option, and clicking the “Volunteer Groups” menu
option. On the “Volunteer Groups” page, choose the “Exposure Assessment Strategies

Committee” option. On the Exposure Assessment Strategies Page, click the icon “New IHSTAT with

multi languages ¥4 An Excel spreadsheet similar to the one shown below in Figure C-1 will open
(two graphs in the lower half of the IHSTAT sheet have been cropped from Figure C-1). To
avoid returning to the ATHA website each time you want to use IHSTAT, you can save it on your

hard drive. All of the formulas for the statistical calculations are embedded in the Excel

spreadsheet and you are ready to start using IHSTAT with your data.
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Figure C-1—IHSTAT Display of Dryer Data from Table C-1.
[HSTAT will calculate a vast amount of statistical data that is useful to the industrial
hygienist. It is beyond the scope of this document to explain the significance of all of this data,
but some basic results can be useful in providing an understanding the distribution of data and

how inferences can be drawn to estimate with some precision conclusions that extend beyond the

samples taken.
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To use the IHSTAT spreadsheet for calculating statistics for respirable dust that contains
crystalline silica, the concentration of respirable dust from Table C-1 expressed in mg/m’ cannot
be entered into the spreadsheet. As discussed in Section 3 of this manual, MSHA, in its
regulation of crystalline, uses a formula that establishes a limit as an amount of respirable dust
containing a certain percentage of crystalline silica. As the percentage of crystalline in each
sample changes, the respirable dust limit expressed in mg/m’ changes. To enter data into the
THSTAT spreadsheet and have it run the many calculations it is programmed to compute, an
occupational exposure limit (OEL) that remains constant has to be entered. The OEL in IHSTAT
can be considered to be the same as the MSHA PEL. Because the MSHA PEL for the respirable
dust varies with the percentage of crystalline silica, there is no constant PEL. To get around this
with sﬂicé—containing dust data, you will need to enter the data in the “% Exposure” column of
Table J-4 into the [HSTAT spreadsheet rather than the data in the “TWA Conc. of Respirable
Dust” column. In IHSTAT the OEL should be entered as “100” which represents 100 percent of
the MSHA PEL.

When IHSTAT is opened, some sample data have already been entered. If the “eraser”
icon 1s clicked, the example data will be deleted. Now, enter the data from Table C-1 into the
IHSTAT spreadsheet.

Looking at the IHSTAT spreadsheet, as seen in Figure C-1, notice the column on the far
left that has “OEL” and “Sample data.” Notice in Figure C-1 that 100 has been entered as the
OEL and the “%Exposure” from Table J-1 (132, 139, 65, 76, 50, 49, 28, 29) have been entered
as “Sample data.” Once the data is entered, IHSTAT does the rest automatically. The column to
the right of where the OEL” and sample data have been entered displays statistical calculations

from the dataset in Table C-1 and displays the data in graphical format as well.
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In the text of this manual that discussed Management of Exposure Data, some of the
descriptive statistics suggested as being useful in understanding the statistical features of dust
data are in the bullets below. IHSTAT calculated the data as follows. The column to the right of
the data shows:
= number of samples = &

"  maximum exposure (max) =143

*  minimum exposure {min) = 28

» range = 115 (range = maximum — minimum exposure)

= percent of exposures above the PEL (%>PEL) =25.0

* mean of exposure ( ) [Need mean symbol which is a bar over small x] = 72.375
» standard deviation of exposure (s) = 45.343

= geometric mean (GM) = 61.143

= geometric standard deviation (GSD) = [.862

IHSTAT did all the basic descriptive calculations and many more. For inferential
statistics, the manual suggested that a statistic that can aid in the understanding of the hazard
represented by a set of dust data was the 95™ percentile of the distribution. Under “Lognormal
parametric statistics,” the 95" Percentile has been calculated and is equal to 169.946. If the
exposures did not steadily decline over the sampling period (~ 1 %2 years) in Table J-1, the
169.496 would indicate there is a big problem since it would mean that excurs.ions well above
the PEL are taking place on days when sampling was not being done. Because the exposures
declined steadily and only the first two exceeded the MSHA PFEL, it appears that this operation is
now under control. However, it is likely that workers at this operation prior to controls being

implemented were overexposed to crystalline silica and at some risk of developing silicosis. If
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the exposures in Table C-1 are used, but the data are reordered so there is not a consistent decline
in the exposure pattern over time, the interpretation would be quite different. The same data in

Table C-1 was rearranged in Table C-2 in an order that does not show a continual decline over

the sampling period.

Date Source | Job % Silica | TWA Conc. of | PEL | % Exposure
Respirable Dust

6-16-04 | Dryer | Dryer Operator | 44 0.063 0.217 | 29

6-16-04 | Dryer | Dryer Helper | 27 0.171 0.345 | 50

11-26-04 | Dryer | Dryer Operator | 36 0.171 0.263 | 65

11-26-04 | Dryer | Dryer Helper | 54 0.051 0.179 | 28

7-11-05 | Dryer | Drver Operator | 40 0.333 0.238 | 139

7-11-05 | Dryer | Dryer Helper |32 0.145 0.294 | 49

1-27-06 | Dryer | Dryer Operator | 25 0.283 0.370 | 76

1-27-06 | Dryer | Dryer Helper | S0 0.276 0.192 | 143

Table C-2—Dryer Operation Dust Sampling Data

Now the picture does not look so good. Rather than a consistent decline in the exposure
there is no consistent pattern, and exposures vary widely. As one would expect, the same data in
IHSTAT it will give the same statistical calculations as shown in Figure C-1. Go ahead—try it.
Of course the 95™ percentile has not changed and remains 169.496. In other words, if 100
samples were collected at this dryer operation, one would expect 95 of the samples to be below
169. Since the acceptable exposure limit (MSHA PEL) is 100, the number of exposures would be
above the PEL, which of course is unacceptable.

In another sample operation, a screen operator is sampled once a year over a 3-year
period. His exposures compared to the MSHA PEL were 65, 92, and 29 percent (See Table C-3).
Though there may be less concern with these exposures, one would prefer to see the 92 percent
exposure lower, However, the last sample was the lowest of the three, which is acceptable

because they are all below the PEL. Furthermore there is no way the company could have been
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cited by MSHA for a violation. See below for how IHSTAT provides some understanding of this

exposure pattern.

Date Source | Job % TWA Conc. of PEL %

Silica | Respirable Dust Exposure
2-26-04 Screen Sereen Operator 36 0.171 0.263 65
2-11-05 Screen Screen Operator 51 0.173 0.189 92
1-27-06 Screen | Screen Operator 44 0.063 0217 129

Table C-3—Screen Operation Dust Sampling Data

Look at Figure C-2 for a presentation of the data from the screening operation. The
descriptive statistics look pretty good with a mean of 62.667 and a standard deviation of +
30.567. Therefore, most of the samples should fall in a distribution from 32.1 to 93.234 (62.667
4+ 30.567) and be less than our 100 percent exposure (MSHA PEL), which should not be
exceeded. However, the inferential indicator shows the 95™ percentile is at 142.218, which
represents troubling data, leading to the conclusion that there are days when the screen operator

is being overexposed.
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Figure C-2—JHSTAT Display of Screen Data from Table C-3.
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Because of these concerns, more sampling of this operation is recommended. Generally
speaking, the more data on an exposure, the better on the understanding, leading to a decision to
sample this operation more frequently and take three more samples. The results with the

additional samples are shown in Table C-4.

Date Source | Job % TWA Cone. of PEL %
Silica | Respirable Dust Exposure
2-26-04 Screen | Screen Operator 36 0.171 0.263 65
2-11-05 Screen | Screen Operator 51 0.173 0.189 92
1-27-06 Screen | Screen Operator 44 0.063 0.217 |29
3-16-06 Screen | Screen Helper 32 0.124 0.294 | 42
6-28-06 Screen | Screen Operator 44 0.061 0217 |28
10-14-06 | Screen | Screen Helper 27 0.141 0.345 | 41

Table C-4—Screen Operation Dust Sampling Data

Figure C-3 presents the data from Table C-4 and shows a mean 0f49.550 +24.729 and a
95" percentile of 96.709—a more favorable outcome suggesting the company can return to an
annual sampling frequency for this operation. Try this example.. Notice that the additional
samples are quite low and all are below 50 percent of the PEIL.. To understand this data
distribution, enter these last three samples into IHSTAT (42, 28, 41). The result should be a
mean of 37, a standard deviation of + 7.81, and a 95" percentile of 52.913. Of course, the
company should continue to sample this operation but with greater confidence that the operator
is not being overexposed, and more impértant]y, is not at risk of developing silicosis.

Hopefully these examples have illustrated the importance of using statistics to further
one’s understanding of sampling data and to gain insight into exposure profiles of workers and
operations. Furthermore, this data can be useful in explaining to employees and management the

importance of a sound safety and health program, and the necessity of having solid control
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measures in place. Other useful information is referenced at the end of the appendix for further

study on this topic.
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Figure C-3—IHSTAT Display of Screen Data from Table C-4.

USEFUL WEBSITES WITH INDUSTRIAL HYGIENE STATISTICS INFORMATION

American Industrial Hygiene Association Exposure Assessment Strategies Committee
bttp://www.aiha.org/insideaiha/volunteergroups/Pages/EASC.aspx

American Conference of Governmental Industrial Hygienist (Search “exposure
assessment”™)

http://www.aceih.ore/home.htm

Exposure Assessment Solutions, Inc. (Paul Hewett)
http://www.oesh.com/

North Carolina Center for Public Health Preparedness Focus on Field Epidemiology,
Volume 3, Issue 6: Data Analysis: Simple Statistical Tests
hitp://mccphp.sph.unc.edu/focus/vol3/issue6/index.htm

Tufts University, CMG110 Epidemiology and Biostatistics Online Course
http://ocw. tufts.edu/Course/1/Coursehome

148


http:www.oesh.com
www.acgih.org/home.htm
http://www.aiha.org/insideaiha/volunteergroups/Pages/EASC.aspx

Appendix D—Medical Surveillance Forms

[Note: The forms include fictitious examples to demonstrate what type of information is
entered into a completed sheet. Someone {from the industrial sand industry needs to check
the entries and enter information that might be more representative of the industrial sand
industry. Some have entries, but they may not be appropriate.}
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Page 1 of 4
NISA Occupational Health Program

Form D-1—Medical and Work History

Occupational health screening examinations can only indicate the presence of z possible medical problem.
Abnormal findings detected by screening must be confirmed and then referred for diagnostic studies to
determine their relationship to occupational exposure and/or their true significance, An accurate and up-to-
date medical and work history is an essential part of a health screening examination, Please answer the
following questions as completely and frankly as you can. If you are uncertain of a response, leave the answer
blank. Your answers will be held in strict confidence in your medical records and may be used in medical
studies without public release of your name.

Name Date of birth
Social Security no. Home phone
Company name
Plant Location

Job title

Physician’s name Physician’s phone

Physician’s address

City State Zip

Your height: feet inches

Your weight: pounds

Waist circumference: inches

Race (optional): 0 White o Black 1 Hispanic o Asian/Pacific r Alaskan/Indian
Sex: o Male O Female

Personal Medical History:

Please indicate whether you have had any of the following medical problems. For any checked yes include approximate date of
illness or diagnosis.

High blood pressure {hrypertension):

o Yes o No Date diagnosed:
High cholesterol:

o Yes o No Date diagnosed:
Heart attack or heart disease: :
o Yes o No Date diagnosed:
Stroke:

0 Yes o No Date diagnosed:
Diabetes:

o Yes o No Date diagnosed:
Protein in your urine:

o Yes o No Date diagnosed:
Anemia:

o Yes o No Date diagnosed:

Circulatory disease in your legs:
o Yes o No Date diagnosed:

151




NISA Occupational Health Program
Form D-1—Medical and Work History

Page 2 of 4

Personal Medical History (Continued):

Chronic kidney disease, on kidney dialysis, or have had a kidney transplant:

o Yes o No Date diagnosed:
Rheumatoid arthritis:

O Yes o No Date diagnosed:
Lupus:

0 Yes o No Date diagnosed:
Kidney blockage:

O Yes o No Date diagnosed:
Bronchitis:

o Yes o No Date diagnosed:
Emphysema:

O Yes o No Date diagnosed:
Asthma:

O Yes o No Date diagnosed:
Pneumonia:

o Yes o No Date diagnosed:
Silicosis:

o Yes o No Date diagnosed:
Asbestosis:

o Yes o No Date diagnosed:

Coal workers pneumoconiosis or black lung:

o Yes 1 No Date diagnosed:
Other chest problems or conditions:

o Yes 1 No Date diagnosed:
Describe:

Chest surgery:

O Yes o No Date diagnosed:
Describe:

Do you take any of the painkillers below frequently for chronic (persistent} pain relief?

Ibuprofen (Advil, Motrin):

0 Yes o No
Naproxen (Alleve):
0 Yes 0 No

Acetaminophen (Tylenol):
dYes 0 No
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Page 3 of 4
NISA Occupational Health Program

Form D-1—Medical and Work History

Smoking history:
o Never Smoked o Ex-smoker o Present smoker — do not inhale
o Present smoker — inhale slightly O Present smoker — inhale moderately O Present smoker — inhale deeply
Type of smoker:

o Cigarettes only o Pipeonly o Cigarsonly o Cigarettes, pipe and cigars 0 Cigars only 0 Cigars and pipe

If you are an ex-smoker, how much did you smoke per day?
O ¥ pack o 1 pack ol Y pack O 2 packs 0 More than 2 packs

Do you use smokeless tobacco?
o Snuff o Chewing tobacco

If you currently smoke, how much do you smoke per day (average, including weekends)?

Cigarettes: o % pack o | pack o 1% pack o 2 packs o More than 2 packs
Cigars: ol o 2-5 1 6-10 o 11 or more
Pipe: 0 Y oz. ol oz o2 oz. 0 More than 2 oz.

What age were you when you started smoking?
years

For how many years have you smoked?
Years

If you stopped smoking, at what age did you stop?
Years

Do you have any of the above following symptoms while at work?
o Coughing and wheezing 0 Threat irritation O Nose iiritation o Eye irritation

Do you have any of the above symptoms after work?
o At night o On weekends

Have you ever been off work for a shift or longer after acute exposure to gases or fumes?
o Yes o No

Respirator Wearing:
Do you have a fear of:

o Being in closed places 0 Wearing a face mask or respirator

Have you ever been told by a physician not to wear a face mask or respirator?
o Yes oNo

Do you have a problem getting a face mask or respirator to fit properly because of:
o Facial configuration o Facial hair

How often do you wear a respirator?
o 4-8 hours per day o Less than 4 hours per day 0 As needed o For emergencies only

What are the conditions when you use a respirator?
o Normal o Noisy 0 Heavy physical work

Can you use a respirator comfortably?
oYes o No

Have you been trained in the proper use of a respirator?
o Yes o No
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Page 4 of 4
NISA Occupational Health Program
Form D-1—Medical and Work History

Work History:

Have you ever worked:

O In dusty places o In a coal mine 0 In a hard rock or uranium mine

0 In a mill processing mined or quarried materials o In any other mine o In a quarry, including sand

o In a foundry o In a pottery o In abrasive biasting/sand blasting
0 In construction, insulation, or shipyard work o In wielding 1 With asbestos

o With X-rays or radioactive substances

Have you ever worked where you often or daily breathed any of the following materials? (Check all appropriate.)

o Coal dust o Silica or blasting sand o Asbestos dust a Tale, clay, diatomaceous carth
o Insect or plant spray o Metal fumes or dust o Plastic or resin fumes o Engine exhaust fumes

0 Grain dust o Wood dust o Toxic or uritating gases o Toluene diisocyanate

a Methyl isocyanate o Other isocyanates o Mold, spores, pollen, yeast, or fungi o Lead

a Mercury 0 Cadmium o Chromium

Have you ever worked where you often or daily breathed any degreaser solvents {for example: trichloroethylene, TCE, methyl
chloroform, trichloroethane, perchloroethylene, PERC, Stoddard solvent)?

O Yes oNe Do yourecall the name(s) of any?
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NISA Occupational Health Program
Form D-2—Employment History: Preplacement and Biennial Update

Name Secial Security No. Date

List below all of your employment, with a description of each specific kind of work, the approximate duration of each job, and the

materials you used. Begin with the most recent employment and go back to your first job. Be sure to include your present job, along with
all of your previous ones.

Years Worked
Kind of Business or Industry Description of Job From To Comments on Products and Materials Used
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NISA Occupational Health Program
Form D-2—Employment History: Preplacement and Biennial Update (Sample)

Name _John Doe Social Security No. _248-82-7681 Date _[/26/08

List below all of your employment, with a description of each specific kind of work, the approximate duration of each joh, and the
materials you used. Begin with the most recent employment and go back to your first job. Be sure to include your present job, along with
all of your previous ones.

Years Worked

Kind of Business or Industry Description of Job From To Comments on Products and Materials Used
Industrial Sand Single spout bagger 2004 Present
Industrial Sand Dryer helper 2000 2004
Industrial Sand General laborer 1996 2000
Welding Welder apprentice 1993 1996 Welding on both mild & stainless steel.
Construction General carpenter 1990 1993 Wood dust, concrete dust, noise.
Auto repair Mechanic 1988 1990 Solvents, paint, body filler.
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Page 1 of 2
NISA Occupational Health Program
Form D-3—Roentgenographic Interpretation Based on the
2000 IL.O Classification of the Pneumoconioses
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Page 2 of 2
NISA Occupational Health Program

Form D-3—Roentgenographic Interpretation Based on the
1980 ILO Classification of the Pneumoconioses
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NISA Occupational Health Program
Form D-4—Sample of Narrative-Style Chest Radiological
Evaluation Report

Name _John Doe Plant _QOriskany Plant, Virginia
No. 22468 Reading date _6/10/2007
Interpretation of: _14 x 17 PA roentgenogram of chest taken on 6/5/2007

Comments

This film is of good diagnostic quality. The soft tissues and bones of the thorax show no abnormality. The
diaphragms are smooth and rounded and in normal position for full inspiration. The costophrenic angles
are clear, and there is no abnormal thickening of the pleura. The cardiac and lung root shadows are
normal with respect to contour, size, and position. The brohovascular markings are within normal limits,
distributed evenly throughout both lungs, and show normal attenuation. No unusual densities are seen in

either lung. The appearance of this film 1s entirely within the limits of normal.

Physician _(eorge W. Stevens. ML.D. Date _6/10/2007
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NISA Occupational Health Program
Form D-5—Sample Cumulative Radiology Report of Chest X-Rays

Company _Oriskany Sand Co
Name _John Doe ID Number 123-45-6789 Date of birth _05/17/49

June 25, 1991 Chest PA: Marked emphysema left lung with well-defined mass or fibrosis inferior left
lower lobe, unknown cause. (I called Oriskany on this finding.) Scarred RUL and apex and possibly upper
portion left lung, irregular and small nodular, compatible with probable healed TB or silicotuberculosis
with minimal emphysema right lung. CTR: 10/32

(07-11-91 10:24 Paul S. Wheeler, MD

July 16, 1992 Chest PA: Moderately large left pneumothorax with partial atelectasis left lung and several
bullous blebs are defined by air. Unimin called. Few small calcified granulomata in right lung. No old
films but prior report describes right lung disease. CTR: 8/32

09-12-92 11:16 Paul S. Wheeler, MD

CT scan report sent by Mr. Brown at Oriskany 10/13/92:

Aug 23, 1992 Chest CT scan (St. Margaret's Hosp): Gastric hiatus hernia in medial portion left mid and
lower lung apparently is the "well-defined mass or fibrosis" which I described on 06-25-91. When a
hiatus hernia contains fluid and no air it can look like a mass. They usually are in midline mediastinum
and when asymmetrical like this may be paraesophageal which can be complicated by twisting. Suggest
getting an upper GI series. CT scan also confirms COPD and some scarring.

10-20-92 11:08 Paul §. Wheeler, MD

Oct 18, 1993 Chest PA: Moderate left diaphragm elevation to level of lower left hilum. Moderate fibrosis
RUL with tiny calcified granulomata compatible with healed TB. Moderate emphysema with decreased
lung markings left lower lung. Probably dilatation hilar portion pulmonary arteries due to COPD rather
than adenopathy. Thas is a complex case and should be read with prior films. CTR: 14/33

12-07-93 18:47 Paul S. Wheeler, MD

Sep 20, 1994 Chest PA: No old films 7 Prior report describes this exam. Approximate CTR: 11.5/31.5
(1-16-95 11:08 Paul S. Wheeler, MD

Comparing original PA chest film of 07-16-92 with copies of PA views on 10-18-93 and 09-20-94: All
show COPD with probable healed TB RUL and apex with irregular scars and several calcified
granulomata. Sparing LUL except for few tiny peripheral scars is against silicosis in this case. Moderate
pnevmothorax with tiny pleural effusion on first film gone on 2nd exam. Elevation or eventration medial
portion left hemidiaphragm increased between first 2 films / It could be diaphragmatic rupture but is not a
classic hiatus hernia. Underexposure is only change between last two exams.

01-16-95 11:06 Paul S. Wheeler, MD

Feb 10, 1997 Chest PA: Moderate to marked emphysema left lung and healed TB with scars and tiny
calcified granulomata right mid and upper lung and few linear scars in right apex and probable blebs in
left apex. Moderate left diaphragm eventration to level of lower left hilum or possible healed rupture
medial portion diaphragm. Minimal pleural fibrosis blunting left CPA. CTR: 12.5/32

02-20-97 13:56 Paul S. Wheeler, MD
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NISA Occupational Health Program
Form D-6—Pulmonary Function Studies Record

Name Location Job name/description
Sex: o Male o Female Race”™™ Social Security No.
Subject
Observed Values (BTPS) Predicted Normals Change (=% or iters) Cooperatlp o
(good, fair,
_poor)
Spirometer | Ambient FEV/ % % FEV/
Date Type Temp (°C) | Age HeightT FEV, | FVC FvC% FEV, Predicted FVC Predicted | FEV, FvC FVC%

** For non-Caucasians, the predicted FEV, and FVC must be multiplied by 0.85.
+ In stocking feet.
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NISA Occupational Health Program
Form D-6—Pulmonary Function Studies Record (Sample)

Name _John Doe Location _Qriskany Plant Job name/description _ Bagger
Sex: Male o Female Race™ Caucasian Social Security No. 248-82-7681
Subject
Observed Values (BTPS) Predicted Normals Change (+% or iters) Cooperatl_o n
(good, fair,
poor)
Spirometer | Ambient FEV,/ % % FEVy,
Date Typc Temp (OC) Age Helght* FEV] FVC FVCo% FEV] Predicted FV(C Predicted FEVI FVC FV(C%
1/21/92 Rgg;’fg 23 26 72 471 | 5.80 81.2 4.60 1024 | 565 102.7 - - - F
1/24/94 " 22 28 72 4.80 5.84 82.2 4.55 105.5 5.55 105.2 +1.9 +0.7 +1.0 G
1/29/96 " 21.5 30 72 4.60 5.56 82.7 4.50 102.2 5.50 101.1 -4.2 -5.0 +0.5 F
1/14/98 ! 23 32 72 442 5.48 80.7 4.40 100.5 5.45 100.6 -4.1 -14 2.0 G
1/17/00 " 21 34 72 4.30 5.25 81.9 4.35 98.9 5.40 97.2 =29 -4.2 +1.2 G
3/11/02 " 24 36 72 4,23 470 50.¢ 4.28 08.8 5.35 87.9 -1.6 -10.5 +8.9 G
2/10/04 " 22 38 72 54.03 4.20 95.9 4.25 94.8 5.30 79.2 -4.7 -10.6 +5.9 G
1/26/06 " 21.5 40 72 3.04 3.20 95.0 4,20 72.3 5.25 61.00 -24.6 -23.8 -0.9 G

™ For non-Caucasians, the predicted FEV; and FVC must be multiplied by 0.85.
T In stocking feet.
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Appendix E—42 CFR, Part 37, Specifications for
Medical Examinations of Underground Coal Miners
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Pt. 37

se-deogignased-shall-be-provided-te-the
relovant-fiseal-conirel-office-

elont-funds-menies-in-the-patient-fond
may-be—expended-for-rmaberials,-serv-
joes-opr-aetivities-which-eontribute—fo
the--well-being—or—meorate—of--patients;
inelading-but-net-limibed-to-provisien
gi--reading-and-enbertainment—rmatbe-
rialg-rocreatlion-aetivities;,-and;-in-ap-
propriate oases; neeessery fHnsmeoiat
sappert dreludine bHravel expenses;
meals;-and-lodging)-ef-relatives;-grard-
ians;-or-friends--of--patients-to--cnable
such-persons-to-be-availeble-for-the-pa—
Hent's-comfort-and-support:

additional instraetions; net ineen-
pintent--with—bthig-sabpartas—may-be
necossery-to-implement-its-provisions

PART 37—SPECIFICATIONS
MEDICAL EXAMINATIONS
UNDERGROUND COAL MINERS

Subpart—Chest Roentgencgraphic
Examinations

FOR
OF

Sec.

37.1 Scope.

37.2 Definiticns.

37.3 Chest roentgencgrams
miners.

37.4 Plans for chest roentgenographic ex-
aminations.

37.56 Approval of plans. '

37.6 Chest roentgenographic examinations
conducted by the Secretary.

37.7 Transfer of affected miner to less dusty
area.

37.8 Roentgenographic examinaticn at min-
er's expense.

37.20 Miner identification decument.

required for

SPECIFICATIONS FOR PERFORMING CHEST
ROENTGENOGRAPHIC HXAMINATIONS

37.40 General provisions.

37.41 Chest roentgenogram specifications.

37.42 Approval of roentgencgraphic facili-
ties.

37.43 Protection against radiation emitted
by roentgenographic equipment.

SPRCIFICATIONS FOR INTERPRETATION, CLASSI-
FICATION, AND SUBMISSION OF CHEST ROENT-
GENOGRAMS

37.50 Interpreting and
roentgenograms.
37.61 Proficiency in the use of systems for

clagsifying the pneumoconioses.
37.62 Method of obtaining definitive inter-
pretations.

clasgifying chest

42 CFR Ch. | {10-1-09 Edition)

37.63 Wotification of
roentgenographic findings.

37.60 Submitbing reguired chest roentgenc-
grams and miner identification docu-
ments.

abnormal

REVIEW AND AVAILABILITY OF RECORDS
37.71 Review of interpretations.
37.80 Availablity of records.
Subpart—Autopsies

37.200
37.201
37.202

Scope.

Definitions.

Payment for autopsy.

37.2083 Autopsy specifications.

37.204 Procedure for obtaining payment,

AUTHORITY: Sec. 203, 83 Stat. 763; 30 U.8.C.
843, unlegs otherwise noted,

S0URCE: 43 FR 33715, Aug. 1, 1978, unless
otherwise noted.

Subpart—Chest
Roentgenographic Examinations

§37.1 Scope.

The provisions of this subpart set
forth the specifications for giving, in-
terpreting, classifying, and submitting
chest roentgenograms required by sec-
tion 203 of the act to be given to under-
ground coal miners and new minerga.

§537.2 Definitions.

Any term defined in the Federal Mine
Safety and Health Act of 1977 and not
defined below shall have the meaning
given it in the act. As used in this sub-
part;

(a) Act means the Federal Mine Safe-
ty and Health Act of 1977 (30 U.3.C. 801,
et seq.).

by ALOSH means the Appalachian
Laboratory for Occupational Safety
and Health, Box 4258, Morgantown, WV
26505, Although the Division of Res-
piratory Disease Studies, National In-
stitute for Occupational Safety and
Health, has programmatic respensi-
bility for the chest roentgenographic
examination program, the Institute’s
facility in Morgantown—ALOSH s
used throughout this subpart in refer-
ring to the administration of the pro-
gram.

() Chest roentgenogram means a sin-
gle posteroanterior roentgenographic
projection or radiograph of the chest at
full ingpiration recorded on
roentgenographic film.
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Public Heaqlth Service, HHS

(d) Convenient time and place with re-
spect to the conduct of any examina-
tion under this subpart means that the
examination must be given at a reason-
able hour in the locality in which the
miner resides or a location that is
equally accessible to the miner. For ex-
ample, examinations at the mine dur-
ing, immediately preceding, or imme-
diately following work and a *‘‘no ap-
pointment” examination at a medical
facility in a community easily acces-
gible to the residences of a majority of
the miners working at the mine, shall
be considered of equivalent conven-
ience for purposes of this paragraph.

(e) Institute and NIOSH mean $the Na-
tional Institute for Occupational Safe-
ty and Health Center for Disease Con-
trol, Public Health Service, Depart-
ment of Health and Human Services.

(f)y ILO-UA Classification means the
clagsification of radiographs of fthe
pneumoconioses devised in 1971 by an
international committee of the Inter-
national Labor Office and described in
“Medical Radiography and Photog-
raphy,” wvolume 48, No. 3, December
1972, “ILO Classification” means the
classification of radiographs of the
pneumaconioses revised in 1980 by an
international committee of the Inter-
national Labor Office and described in
“Medical Radiography and Photog-
raphy” volume 57, No. 1, 1981, and in
ILO publication 22 (revised 1980} from
the ILO Occupaticornal Safety and
Health Beries.

(g) Miner means any individual in-
cluding any c¢oal mine construction
worker who is working in or at any un-
derground coal mine, but does not in-
clude any surface worker who does not
have direct contact with underground
coal mining or with coal processing op-
erationg.

{h) Operator means any owner, lessee,
or cther person who operates, controls,
or gupervises an underground coal mine
or any independent contractor per-
forming services or construction at
such mine,

(i) Panel of ‘B’ Readers means the U.S.
Public Health Service Consultant
Panel of “B" Readers, ¢/o ALOSH, P.O.
Box 4258, Morgantown, WV 26505.

(j) Preemployment physical examination
means any medical examination which
includes a chest roentgenographic ex-

§37.3

amination given in accordance with
the specifications of this subpart to a
person not previously employed by the
same operator or at the same mine for
which that person ig being considered
for employment.

(k) Secreiory means the Secretary of
Health and Human Services and any
other officer or employee of the De-
partment of Health and Human Serv-
ices to whom the authority involved
may be delegated.

(1) MSHA means the Mine Safety and
Health Administration, Department of
Labor.

[43 FR, 33715, Aug. 1, 1978, as amended at 49
FR 7563, Mar. 1, 1984}

§37.3 Chest roenigenograms required
for miners.

(a) Voluntary eraminations. Every op-
erator shall provide to each miner who
is employed in or at any of itg under-
ground coal mines and who wag em-
ployed in underground coal mining
pricr to December 30, 1969, or who has
completed the required examinations
under §37.3(h) an opportunity for a
chest roentgencgram in accordance
with this subpart:

(1) Following August 1, 1978 ATL.OSH
will notify the operator of each under-
ground coal mine of a period within
which the operator may provide exami-
nations to each miner employed at its
coal mine. The period shall begin no
sooner than the effective date of these
regulations and end no later than a
date specified by ALOSH separately for
each coal mine. The termination date
of the pericd will be approximately 5
vears from the date of the first exam-
ination which was made on a miner
employed by the operator in its coal
mine under the former regulations of
this subpart adopted July 27, 1973.
Within the period specified by ALOSH
for each mine, the operator may select
a 6-month pericd within which to pro-
vide examinations in accordance with a
plan approved under §37.5.

Erample: ALOSI finds that between July
27, 1973, and March 31, 1875, the firgt roent-
genogram for a miner who was employed at
mine Y and who was employed in under-
ground coal mining prior to December 30,
1969, was made on January 1, 1974, ALOSH
will notify the operator of mine Y that the
operator may select and designate on its

167

166



§37.3

plan a f-month period within which to offer
ite examinations to its miners employed at
mine Y. The 6-month period shall be sched-
nled between August 1, 1978 and January 1,
1979 (5 years after January 1, 1974).

{2) For all future voluntary examina-
tions, ALOSH will notify the operator
of each underground coal mine when
sufficlent time has elapsed since the
end of the previous 6-month period of
examinations. ALOSH will gpecify to
the operator of each mine a period
within which the operator may provide
examinations to its miners employed
at its coal mine. The period shall begin
no sooner than 3% years and end no
later than 4% years subsequent to the
ending date of the previous 6-month pe-
riod specified for a ccal mine either by
the operater on an approved plan or by
ALOSH if the operator did not submit
an approved plan. Within the period
specified by ALOSH for each mine, the
operator may gelect a 6-month period
within which to provide examinations
in accordance with a plan approved
under §37.5.

Erample: ALOSH finds that examinations
were previously provided to miners employed
at mine Y in a 6-month period from July 1,
1979, to December 31, 1979. AT.OSH notifies
the cperator at least 3 months before July 1,
1983 (3%4 years after December 31, 1979 that
the operator may select and designate on its
plan the next 6-month period within which
to offer examinations to its miners employed
at mine Y. The &6-month period shall be
scheduled between July 1, 1983, and July 1,
1984 (between 3% and 4% years after Decem-
ber 31, 1979).

(3) Within either the next or future
period(s) specified by ALOSH to the op-
erator for each of its coal mines, the
operator of the coal mine may select a
different 6-month period for each of its
mines within which to offer examina-
tions. In the event the operator does
not submit an approved plan, ALOSH
will specify a 6-month pericd to the op-
erator within which miners shail have
the opportunity for examinations.

(b)Y Mandatory examinations. Every op-
erator shall provide to each miner who
begins working in or at a coal mine for
the first time after December 30, 1969:

(1) An initial chest reentgenogram as -

soon ad possible, but in no event later
than 6 months after commencement of
employment, A preemployment phys-
ical examination which was made with-

42 CFR Ch. | (10-1-0% Edition)

in the 6 months prior $o the date on
which the miner started to work will
be considered as fulfilling this require-
ment., An initial chest roentgenogram
given to a miner according to former
regulations for this subpart prior to
August 1, 1978 will also be considered as
fulfilling this requirement.

{2) A second chest roentgenogram, in
accordance with this subpart, 3 years
following the initial examination if the
miner is still engaged in underground
coal mining. A second roentgenogram
given to a miner according to former
reguiations under this subpart prior to
August 1, 1978 will be considered as ful-
filling this requirement.

(3) A third chest roentgenogram 2
years following the second chest roent-
genogram if the miner is still engaged
in underground coal mining and if the
second roentgenogram shows evidence
of category 1, category 2, category 3
simple pneumoconioses, or complicated
pneumoconioses (IL.O Classification).

{c) ALOSH will nctify the miner
when he or she is due to receive the
gecond or third mandatory examina-
tiecn under (b} of this section. Simi-
larly, ALOSH will notify the coal mine
operator when the miner is to be given
a second examination. The operator
will be notified concerming a miner’s
third examination only with the min-
er’'s written consent, and the notice to
the operator shall not state the med-
ical reason for the examination nor
that it is the third examination in the
series, If the miner is notified by
ALOSH that the third mandatory ex-
amination is due and the operator is
not 8o notified, availability of the
roentgenographic examination under
the operator’s plan shall constitute the
operator’s compliance with the require-
ment{ to provide a third mandatory ex-
amination even if the miner refuses to
take the examination.

(d) The opportunity for chest roent-
gencgrams to be available by an oper-
ator for purposes of this subpart shall
be provided in accordance with a plan
which has been submitted and approved
in accordance with this subpart.

(e) Any examinations conducted by
the Secretary in the National Study of
Coal Workers® Pneumoconiosis after
January 1, 1977, but before Augusi 1,
1978 shall satisfy the requirements of
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this section with respect to the specific
examination given (see §37.6(d)).

[43 FR 33715, Aug. 1, 1978; 43 ¥R 33830, Aug. 31,
1978, as amended at 4% FR 7563, Mar. 1, 1984]

§37.4 Plans for chest
roentgenographic examinations.

(a) Bvery plan for chest
roentgenographic examinations of min-
ers shall be submiftted on forms pre-
scribed by the Secretary to ALOSH
within 120 calendar days after August
1, 1978, In the case of a person who after
August 1, 1978, becomes an operator of
a mine for which no plan has been ap-
proved, that person shall submit a plan
within 60 days after such event occurs.
A geparate plan shall be submitted by
the operator and by each construction
contractor for each underground coal
mine which has a M3HA identification
number. The plan shall include:

(1) The name, address, and telephone
numher of the operator(s) submitting
the plan;

(2) The name, MSHA identification
number for respirable dust measure-
ments, and address of the mine in-
cluded in the plan;

(3) The proposed beginning and end-
ing date of the 6-month period for vol-
untary examinations (see §37.3(a}) and
the estimated number of miners to be
given or offered examinations during
the 6-month period under the plan;

{4) The name and location of the ap-
proved X-ray facility or facilities, and
the approximate date(s) and time(s) of
day during which the roentgenograms
will he given to miners to enable a de-
termination of whether the examina-
tions will be conducted at a convenient
time and place;

(b) If a mobile facility is propoged,
the plan shall provide that each miner
be given adequate notice of the oppor-
tunity to have the examination and
that no miner shall have to wait for an
examination more than 1 hour before
or after his or her work ghift. In addi-
tion, the plan shall include:

(i) The number of change houses af
the mine.

(ii) One or more alternate nonmobile
approved facilities for the reexamina-
tion of miners and for the mandatory
examination of miners when necessary
(see §37.3(b)), or an assurance that the
mobile facility will return to the loca-

§374

tion(s) specified in the plan as fre-
guently as necessary to provide for ex-
aminations in accordance with these
regulations.

(iii) The name and lecation of each
change house at which examinations
will be given. For mines with more
than one change house, the examina-
tions shall be given at each change
house or at a change house located at
a convenient place for each miner.

(6) The name and address ¢f the “A"
or “B” reader who will interpret and
clasgify the chest roentgenograms.

(7y Assurances that: (i) The operator
will not solicit a physician’s
roentgenographic or other {findings
concerning any miner employed by the
operator,

(ii) Ingtructiong have been given to
the person(s) giving the examinations
that duplicate roentgenograms or cop-
ies of roentgenograms will not be made
and that (except as may be necessary
for the purpose of thig subpart) the
physician’s roentgenographic and other
findings, as well as the occupational
history information obtained from a
miner unless obtained prior to employ-
ment in a preemployment examina-
tion, and disclosed prior to employ-
ment, will not be disclosed in a manner
which will permit identification of the
employee with the information abhout
him, and

(ii1) The roentgenographic examina-
tions will be made at no charge to the
miner,

(b) Operators may provide for alter-
nate facilities and “A” or “B’’ readers
in plans submitted for approval.

{¢) The change of operators of any
mine operating under a plan approved
pursuant to §37.5 shall not affect the
plan of the operator which has trans-
ferred responsibility for the mine.
Every plan shall be subject to revision
in acecordance with paragraph (d) of
this section.

(d) The operator shall advise AL.OSH
of any change in its plan. Each change
in an approved plan is subject to the
same review and approval as the origi-
nally approved plan.

(e) The operator shall promptly dis-
play in a visible location on the bul-
letin bhoard at the mine its proposed
plan or proposed change in plan when
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§37.5

it is submitted to ALOSH. The pro-
posed plan or change in plan shall re-
main posted in a visible location on the
bulletin board until ALOSH either
grants or denies approval of it at which
time the approved plan or denial of ap-
proval shall be permanently posted. In
the case of an operator who is a con-
struction contractor and who does not
have a bulletin board, the construction
contractor must otherwise notify its
employees of the examination arrange-
ments. Upon request, the contractor
must show ALOSH written evidence
that its employees have been notified.

() Upon notification from ALOSH
that sufficient time has elapsed since
the previous period of examinations,
the operator will resubmit its plan for
each of its coal mines to ALOSH for ap-
proval for the next period of examina-
tions (see §37.3(a)(2)). The plan shall in-
clude the proposed beginning and end-
ing dates of the next period of exami-
nationg and all information required by
paragraph (a) of this section.

[43 FR 33715, Aug. 1, 1978; 43 FR 38830, Aug. 31,
1978]

§37.5 Approval of plans.

(a) Approval of plans granted prior to
August 1, 1978 is no longer effective.

(b) Tf, after review of any plan sub-
mitted pursuant to this subpart, the
Secretary determines that the action
to be ftaken under the plan by the oper-
ator meets the specifications of this
subpart and will effectively achieve its
purpose, the Secretary will approve the
plan and notify the operator{s) submit-
ting the plan of the approval. Approval
may be conditioned upon such terms as
the Secretary deems necessary o carry
out the purpose of section 203 of the
act.

(c) Where the Secretary hag reason to
believe that he will deny approval of a
plan he will, prior to the denial, give
reagonable notice in writing to the op-
erator{s) of an opportunity to amend
the plan. The notice shall specify the
ground upon which approval is pro-
posed to be denied.

(d) If a plan is denied approval, the
Secretary shall advise the operator(s)
in writing of the reasons for the denial.

42 CFR Ch. | (10-1-09 Edition)

§37.8 Chest roentgenographic exami-
nations conducted by the Secretary.

(a) The Secretary will give chest
roentgenograms or makxe arrangements
with an appropriate person, agency, or
institution to give the chest roentgenoc-
grams and with “A’ or “B’ readers to
interpret the roentgenograms required
under this subpart in the locality
where the miner resides, at the mine,
or at a medical facility easily acces-
gible to a mining community or mining
communities, under the following cir-
cumstances:

(1) Where, in the judgment of the
Becretary, due to the lack of adeguate
medical or other necessary facilities or
personnel at the mine or in the locality
where the miner resides, the required
roentgenographic examination cannot
be given.

(2) Where the operator has not sub-
mitted an approvable plan.

(3) Where, after commencement of an
operator’s program pursuant to an ap-
proved plan and after notice to the op-
erator of his failure to follow the ap-
proved plan and, after allowing 16 cal-
endar days to bring the program into
compliance, the Secretary determines
and notifies the operator in writing
that the operator’s program still fails
to comply with the approved plan.

(b) The operator of the mine shall re-
imburse the Secretary or other person,
agency, or institution as the Secretary
may direct, for the cost of conducting
each examination made in accordance
with this section.

(¢) All examinations given or ar-
ranged by the Secretary will comply
with the time requirements of §37.3,
Whenever the Secretary gives or ar-
ranges for the examinations of miners
at a time, a written notice of the ar-
rangements will be sent to the operator
who shall post the notice on the mine
bulletin board.

(d) Operators of mines selected by
ALOSH to participate in the National
Study of Coal Workers’ Pneumo-
coniogis (an epidemiclogical study of
regpiratory diseases in c¢oal miners)
and who agree to cooperate will have
all their miners afforded the oppor-
tunity to have a chest roentgenogram
required hereunder at no cost to the
operator. For future examinations and
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for manédatory examinations each par-
ticipating operator ghall submit an ap-
provable plan.

$37.7 Transfer of affected miner to
less dusty area.

(a) Any miner who, in the judgment
of the Secretary based upon the inter-
pretation of one or more of the miner’s
chest roentgenograms, shows category
1¢1/0, 121, 1/2), category 2 (2/1, 2/2, 2/3), or

category 3 (3/2, 338, ¥4 simple
pneumoconioses, or complicated
pneumoconioses (ILO Classification)

shall be afforded the option of transfer-
ring from his or her position to another
pogition in an area of the mine where
the concentration of respirable dust in
the mine atmosphere is not more than
1.0 mg/m3 of air, or if such level is not
attainable in the mine, to a position in
the mine where the concentration of
respirable dust is the lowest attainable
below 2.0 mg/ms3 of air.

(b) Any transfer under this section
shall be in accordance with the proce-
dures specified in part 90 of title 30,
Code of Federal Regulations.

[43 'R 33715, Aug. 1, 1978; 43 FR 38830, Aug. 31,
1978, as amended at 44 FR 23085, Apr. 18, 1979;
49 FR 1563, Mar, 1, 1984]

§37.8 Roentgenographic examination

at miner’s expense.

Any miner who wishes to obtain an
examination at his or her own expense
at an approved facility and to have
gubmitted to NIOSH for him or her a
complete examination may do so, pro-
vided that the examination is made no
sooner than 6 months after the most
recent examinaftion of the miner sub-
mitted to ALOSH. ALOSH will provide
an interpretation and report of the ex-
aminations made at the miner’s ex-
pense in the same manner as if it were
submitted under an operator’s plan.
Any change in the miner’s transfer
rights under the act which may result
from this examination will be subject
to the terms of §37.7.

§37.20 Miner identification document.

As part of the roentgenographic ex-
amination, a miner identification doc-
ument which includes an occupational
history gquestionnaire shall be com-
pleted for each miner at the facility
where the roentgenogram iz made at

§37.41

the same time the chest roentgeno-
gram required by this subpart is given.

SPECIFICATIONS FOR PERFORMING CHEST
ROENTGENOGRAPHIC HXAMINATIONS

$37.40 General provisions,

(a) The chest roentgenographic exam-
ination shall he given ab a convenient
time and place.

(b) The chest roentgenographic exam-
ination consists of the chest roentgeno-
gram, and a complete
Roentgenographic Interpretation Form
(Form CDC/NIOSH (M) 2.8), and miner
identification document.

(c) A roentgenographic examination
shall be made in a facility approved in
accordance with §37.42 by or under the
supervision of a physician who regu-
larly makes chest roentgenograms and
who has demonstrated ability to make
cheat roentgenograms of a guality to
best ascertain the presence of pnenmo-
coniosis.

$37.41 Chest roentgenogram specifica-
tions,

(a) Every chest roentgenogram shall
be a single posteroanterior projection
at full inspiration on a film being no
less than 14 by 17 inches and no greater
than 16 by 17 inches. The film and cas-
sette shall be capable of being posi-
tioned both vertically and horizontally
s0 that the chest roentgenogram will
include hoth apices and costophrenic
angles. If a miner is too large to permit
the above requirements, then the pro-
jection shall include bhoth apices with
minimum loss of fthe costophrenic
angle.

(b) Miners shall be disrobed from the
waist up at the time the roentgeno-
gram is given. The facility shall pro-
vide a dressing area and for those min-
ers who wish to use one, the facility
shall provide a clean gown. Facilities
ghall be heated to a comforfable tem-
perature.

(c) Roentgenograms shall be made
only with a diagnostic X-ray machine
having a rotating ancde tube with a
maximum of a 2 mm. source (focal
spot).

(d) Bxcept as provided in paragraph
(e) of this section, roentgenograms
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shall be made with units having gen-
erators which comply with the fol-
lowing: (1) The generators of existing
roentgenographic units acquired by the
examining facility prior to July 27,
1973, shall have a minimum rating of
200 mA at 100 kVp.; (2) generators of
units acquired subsequent to that date
shall have a minimum rating of 360 mA
at 125 kVyp.

NOTE: A generator with a rating of 150 kVp.
is recommended.

{e) Roentgenocgrams made with bat-
tery-powered mobile or portable equip-
ment ghall be made with units having a
minimum rating of 100 mA af 110 kVp.
at 500 Hz, or of 200 mA at 110 KVp. at 60
Hz.

(f) Capacitor discharge and field
emission units may be used if the
model of such units is approved by
ALOSH for quality, performance, and
safeby. ALOSH will congsider such units
for approval when listed by a facility
seeking approval under §37.42 of this
subpart.

(g} Roentgenograms shall be given
only with equipment having a beam-
limiting device which does not cause
large unexposed boundaries. The beam
limiting device shall provide rectan-
gular collimation and shall be of the
type described in part T of the sug-
gested State regulations for the con-
trol of radiation or (for heam limiting
devices manufactured after August 1,
1974) of the type specified in 21 CFR
1020.31. The use of such a device shall
be discernible from an examination of
the roentgenogram.

¢(h) To insure high quality chest
roentgenograms:

(1) The maximum exposure time shall
not exceed Yo of a second except that
with single phase units with a rating
less than 300 mA at 12b kVp. and sub-
jects with chests over 28 cm.
posteroanterior, the exposure may be
increased to not more than e of a sec-
ond;

(2) The source or focal spot to film
distance shall be at least 6 feet;

(3) Medium speed film and medinm
speed intengifying screens are rec-
ommended. However, any filin-screen
combination, the rated ‘‘speed” of
which is at least 100 and does not ex-
ceed 300, which produces roentgenc-

42 CFR Ch. 1 (10-1-09 Edition)

grams with gpatial resclution, con-
trast, latitude and gquantum mottle
similar to those of sysbtems designated
as “medium speed” may he employed;

(4) Film-gcreen contact shall he
maintained and verified at 6§ month or
shorter intervals;

(5) Intensifying secreens shall be in-
spected at least once a month and
cleaned when necessary by the method
recommended by the manufacturer;

(6) All intensifying screens in a cas-
sette shall he of the same type and
made by the same manufacturer;

(7) When using over 90 KV., a suitable
grid or other means of reducing scat-
tered radiation shall be used;

(8) The geometry of the radiographic
system shall insure that the central
axis (ray) of the primary bteam ig per-
pendicular to the plane of the film sur-
face and impinges on the center of the
film;

(9) A formal quality assurance pro-
gram ghall be established at each facil-
ity.

(1) Radiographic processing:

(1) Either automatic or manual film
processing is acceptable. A constant
time-temperabure technique shall be
meticulously employed for manual
processing.

(2) If mineral or other impurities in
the processing water introduce @&if-
ficulty in obtaining a high-quality
roentgenogram, a suitable filter or pu-
rification system shall be used.

(j5 Before the miner is advised that
the examination is concluded, the
roenigenogram shall be processed and
ingpected and accepted for quality by
the physician, or if the physician is not
available, acceptance may be mace by
the radiclogic technologist. In a case of
a substandard roentgenogram, another
shall be immediately made. All sub-
standard roentgenograms shall be
clearly marked as rejected and prompt-
1y sent to AL.OSH for disposal.

(k) An electric power supply shall he
used which complies with the voltage,
current, and regulation specified by the
manufacturer of the machine.

(1) A densitometric test object may
be required on each roentgenogram for
an objective evaluation of film guality
at the discretion of ALOSH.

(m) Each roentgenogram made here-
under shall be permanently and legibly
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marked with the name and address or
ALOSH approval number of the facility
at which it is made, the social security
number of the miner, and the dabte of
the roentgenogram., No other identi-
fying markings shall be recorded on
the roentgenogram.

[43 FR 33115, Aug. 1, 1978, a8 amended at a2
'R 7866, Mar, 13, 1967]

$37.42 Approval of roentgenographic
facilities.

(a) Approval of roentgenographic fa-
cilities given prior o January 1, 1976,
shall terminate upon August 1, 1978 un-
less each of the following conditions
have been met:

(1> The facility must verify that it
still meets the requirements set forth
in the regulations for the second round
of roentgenographic examinations (38
FR 20076) and it has not changed equip-
ment since it was approved by NIOSH.

(2) From July 27, 1973, to January 1,
1976, the facility submitted to ALOSH
at least b0 roentgenograms which were
interpreted by one or more “B’’ readers
not employed by the facility who found
no more than 5 percent of all the roent-
genograms unreadable.

(h) Other facilities will be eligible to
participate in this program when they
demonstrate their ability to make high
quality diagnostic chest roentgeno-
grams by submitting to ALOSH six or
more sample chest roentgenograms
made and processed at the applicant fa-
cility and which are of acceptable gual-
ity to the Panel of ““B” readers. Appli-
cants shall also submit a reentgeno-
gram of a plastic step-wedge object
(available on loan from ALOSH) which
was made and processed at the same
time with the same technique as the
roentgenograms submisted and proc-
essed at the facility for which approval
is sought. At least one chest roent-
genogram and one test object roent-
genogram shall have been made with
each unit to be used hereunder. All
roentgenograms shall have heen made
within 15 calendar days prior to sub-
mission and ghali be marked to iden-
tify the facility where each roentgeno-
gram wag made, the X-ray machine
used, and the date each was made. The
chest reoentgenograms will be returned
and may be the same roentgenograms
submitted pursuant to §37.51.

§37.42

NoOTE: The plastic step-wedge object is de-
goribed in an article by E. Dale Trout and
John P. Kellsy appearing in *“The American
Journal of Roentgenolegy, Radium Therapy
and Nuclear Medicine,” Vol. 117, No. 4, April
1973.

(c) Hach roentgenographic facility
submitting chest roentgenograms for
approval under this section shall com-
plete and include an X-ray facility doc-
ument describing each X-ray unit to be
used to make chest roentgenograms
under the act. The form shall include:
(1) The date of the last radiation safety
inspection by an appropriate licensing
agency or, if no such agency exists, by
a qualified expert as defined in NCRP
Report No. 23 (see §37.43); (2) the defi-
ciencies found; (3) a statement that all
the deficiencies have been corrected;
and (4) the date of acquizgition of the X-
ray unit. To be acceptable, the radi-
ation safety inspection shall have been
made within I year preceding the date
of application.

(d) Reentgenograms submitted with
applications for approval under this
section will be evaluated by the panel
of “B" Readers or by a qualified radio-
logical physicist or consultant. Appli-
cants will be advised of any reasons for
denial of approval.

(e) ALOSH or its representatives may
make a physical inspection of the ap-
plicant’s facility and any approved
roentgenographic facility at any rea-
gonable time to determine if the re-
guirements of this subpart are bheing
met.

(fY ALOSH may reguire a facility pe-
riodically to resubmit roentgenograms
of a plastic step-wedge object, sample
roentgenogramnis, or a
Roentgenographic Facility Document
for guality control purposes. Approvais
granted hereunder may be suspended or
withdrawn by notice in writing when in
the opinion of ALOSH the quality of
roentgenograms or information sub-
mitted under this section warrants
such action. A copy of a notice with-
drawing approval will be gent to sach
operator who has listed the facility as
its facility for giving chest reentgeno-
grams and shall be displayed on the
mine bulletin board adjacent to the op-
erator’s approved plan. The approved
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plan will be reevaluated by ALOSH in
light of thig change.

(43 FR 33710, Aug, 1, 1978, 43 FR 38830, Aug. 31,
19781

§37.43 Protection against radiation
emitted by roenigenographic equip-
ment.

Except as otherwise specified in
§37.41, roentgenographic equipment, its
uge and the facilities (ineluding mobile
facilities) in which such equipment is
used, shall conform to applicable State
and Federal regulations (See 21 CFR
part 1000). Where no applicable regula-
tions exist, roentgenographic equip-
ment, its use and the facilities {includ-
ing mobile facilities) in which such
equipment is used shall conform to the
recommendations of the National
Council on Radiation Protection and
Measurements in NCRP Report No. 33
“Medical X-ray and Gamma-Bay Pro-
tection for Energies up to 10 MeV—
BEguipment Design and Use” (issued
February 1, 1968}, in NCRF Report No.
48, ‘““Medical Radiation Protection for
Medical and Allied Health Personnel”
(issued August 1, 1976), and in NCRP
Report No. 49, “Structural Shielding
Design and Evaluation for Medical Use
of X-rays and Gamma Rays of up to 10
MeV’ (issued September 15, 1976).
These documents are hereby incor-
porated by reference and made a part
of this subpart. These documents are
available for examination at ALOSH,
944 Chestnut Ridge Road, Morgantown,
WV 26505, and at the National Institute
for Occupsational Safety and Health,
5600 Fishers Lane, Rockville, MD 20857.
Copies of NCRP Reports Nos. 33, 48, and
49 may be purchased for $3, $4.5¢, and
$3.60 each, respectively, from NCRP
Publications, P.0. Box 30175, Wash-
ington, DC 20014.

SPECIFICATIONS FOR INTERPRETATION,
CLASSIFICATION, AND SUBMISSION OF
CHEST ROENTGENOGRAMS

§37.50 Interpreting and
chest roentgenograms.

(a) Chest roentgenograms shall he in-

classifying.

terpreted and classified in accordance

with the ILO Clasgification system and
recorded on a Roentgenographic Inter-
pretation Form (Form CDC/NIOSH
(M)2.8).

42 CFR Ch. | (10-1-09 Edition)

(b} Roentgenograms shall be inter-
preted and classified only by a physi-
cian who regularly reads chest roent-
genograms and who has demonstrated
proficiency in clasgifying the
pneumoconioges in accordance with
§37.51.

{c) All interpreters, whenever inter-
preting chest roentgenograms made
under the Act, shall have immediately
available for reference a combplete set
of the ILO International Classification
of Radiograpyhs for Pneumoconioses,
1980.

NoTE: This set is available from the Inter-
national Labor Office, 1750 New York Ave-
nue, NW., Washington, DC 20006 (Phone: 202/
376-2315).

(d) In all view boxes used for making
interpretations:

{1) Flucrescent lamps shall be simul-
taneously replaced with new lamps at
6-month intervals;

(2y All the fluorescent lamps in a
panel of boxes shall have identical
manufacturer’s ratings as to intensity
and color;

(3) The glass, internal reflective sur-
faces, and the lamps sghall be kept
clean;

(4) The unit shall be so situated as to
minimize front surface glare.

[43 FR 33715, Aug. 1, 1998, as amended at 49
FR 7564, Mar. 1, 19841

§37.51 Proficiency in the use of sys-
tems for classifying the
pneumoconioses,

(a) First or “A" readers:

(1) Approval as an “A’ reader shall
continue if established prior to (insert)
effective date of these regulations).

(2) Physicians who desire to be “A”
readers must demonstrate their pro-
ficiency in classifying the
pneumeccnioges by either:

(i) Submitting to ALOSH from the
physician’s files s8ix sample c¢hest
roentgencgrams which are considered
properly classified by the Panel of “B”
readers. The six roentgenograms shall
consist of two without pneumoconiosis,
two with simple pneamoconiosis, and
two with complicated pneumoconiosis.
The filmg will be returned to the physi-
cian. The interpretations shall be on
the Rceentgenographic Interpretation
Form (Form CDO/NIOSH M) 2.8
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(These may be the same roentgeno-
grams submitted pursuant to §37.42),
or;

(ii) Satisfactory completion, since
June 11, 1970, of a course approved by
ALOSH on the ILO or ILO-U/C Classi-
fication systems or the TUTICC/Cin-
cinnati classification system. As used
in this subparagraph, “UICC/Cincinnati
clagsification” means the clagsification
of the pneumoconioses devised in 1968
by a Working Committee of the Inter-
national Union Against Cancer.

{h} Final or “B” readers:

(1) Approval as a ‘B reader estab-
lished prior to October 1, 1976, shall
hereby be terminated.

(2) Proficiency in evaluating chest
roentgenograms for roentgencgraphic
quality and in the use of the IL.O Clas-
sification for interpreting chest roent-
genograms for pneumoconiosis and
other diseases shall be demonstrated
by those physiciang who desire to be
“B” readers by taking and passing a
specially designed proficiency exam-
ination given on behalf of or by AL.OSH
at a time and place specified by
ALOSH. Each physician must bring a
complete set of the ILO standard ref-
erence radiographs when taking the ex-
amination. Physicians who gualify
under this provision need not be quali-
fied under paragraph (a) of this section.

(cy Physicians who wish to partici-
pate in the program shall make appli-
cation on an Interpreting Physician
Certification Document (Form CDC/
NIOSH (M) 2.12).

f43 FR 33715, Aug. 1, 1978, as amended at 49
FR 7564, Mar. 1, 1984]

$37.52 Method of obtaining definitive
interpretations.

(a) AIl chest roentgenograms which
are first interpreted by an ““A” or “B”
reader will be submitted by ALOSH to
a “B" reader gualified as described in
§37.51. If there is agreement between
the two interpreters as defined in para-
graph (b) of this section the result
shall be considered final anéd reported
to MSHA for transmittal to the miner,
When in the opinion of ALOSH sub-
gtantial agreement is lacking, ALOSH
shall obtain additional interpretations
from the Panel of ‘B readers. If inter-
pretations are obtained from two or
mere ‘B’ readers, and if two or more

§37.53

are in agreemeni then the highest
major category shall be reported.

(b) Two interpreters shall be consid-
ered to be in agreement when they
both find either stage A, B, or C com-
plicated preumoconiosis, or their find-
ings with regard to simple pneumo-
coniosis are both in the same major
category, or (with one exception noted
helow} are within one minor category
(ILO Clasgification 12-point scale) of
each other. In the last situation, the
higher of the two interpretations shall
he reported. The only exception to the
one minor category principle is a read-
ing seguence of 0/1, 1/0, or 1/0, 0/1. When
such a sequence occurs, it shall not be
considered agreement, and a third (or
more) interpretation shall be obtained
until a consensus involving two or
more readings in the same major cat-
egory is obtained.

[43 FR 33715, Aug. 1, 1978, as amended at 49
FR 7064, Mar. 1, 1984, 52 FR. 7866, Mar. 13, 18871

$37.53 Notification of abnormal
roentgenographic findings.

(a) Findings of, or findings sug-
gesting, enlarged heart, tuberculosis,
lung cancer, or any other significant
abnormal findings other than pneumo-
coniosis shall be communicated by the
firgt physician to interpret and classify
the roentgenogram to the designated
physician of the miner indicated on the
miner’s identifcation document. A copy
of the communication shall be sub-
mitted to ALOSH. ALOSH will notify
the miner to contact his or her physi-
cian when any physician who inter-
prets and clasgifies the miner’s roent-
genogram reports significant abnormal
findings other than pneumoconiosis.

(b} In addition, when ALOSH has
more than one roentgenogram of a
miner in its files and the most recent
examination was interpreted to show
enlarged heart, fHuberculosis, cancer,
complicated pneumoconiosis, and any
other significant abnormal findings,
ALOSH will submit all of the miner’s
roentgenograms in its files with their
respective interprtations to a “B”
reader. The “B” reader will report any
significant changes or progression of
disease or other comments to ALOSH
and ALOSH shall submit a copy of the
report to the miner’s designated physi-
cian.
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(¢) All final findings regarding pneu-
moconiosis will be sent to the miner by
MS3HA in accordance with section 203
of the act (see 30 CFR part 50). Positive
findings with regard to pneumoconiosis
will he reported to the miner’s des-
ignated physician by ALOSH.

(dy ALOSH will make every reason-
able effort to process the findings de-
geribed in paragraph (¢) of this section
within 60 days of receipt of the infor-
mation described in §37.60 in a com-
plete and acceptable form. The infor-
mation forwarded to MSHA will be in a
form intended to facilitate prompt dis-
patch of the findings to the miner. The
results of an examination made of a
miner will not be processed by ALOSH
if the examination was made within 6
months of the date of a previous ac-
ceptable examination.

$37.60 Submitting required chest
roentgenograms and miner identi-
fication documents.

(a) Bach chest roentgenogram re-
guired to be made under this subpart,
together with the completed
roentgenographic interpretation form
and the completed miner identification
document, shall be sumitted together
for each miner to ALOSH within 14 cal-
endar days after the roentgenographic
examination is given and become the
property of ALOSH.

() If ALOSH deems any part sub-
mitted under paragraph (a) of this sec-
tion inadequate, it wiil notify the oper-
ator of the deficiency. The operator
shall promptly make appropriate ar-
rangements for the necessary reexam-
ination.

(¢) Failure to comply with paragraph
(a) or () of this section shall be cause
to revoke approval of a plan or any
other approval ag may he appropriate.
An approval which hag been revoked
may be reinstated at the discretion of
AT.OSH after it receives satisfactory
assurances and evidence that all defi-
ciencies have been corrected and that
effective controls have been instituted
to prevent a recurrence.

(d) Chest recentgenograms and other
required documents shall he submitted
only for miners. Results of preemploy-
ment physical examinations of persons
who are not hired shall not be sub-
mitted.

42 CFR Ch. | (10-1-09 Edition)

(e) If a miner refuses to participate in
all phases of the examination pre-
scribed in this subpart, no report need
be made. If a miner refuses to partici-
pate in any phase of the examination
prescribed in this subpart, all the
forms shall be submitted with hisg or
her name and social security account
number on each. If any of the forms
cannot be completed because of the
miner’s refusal, it shall te marked
“Miner Refuses,” and shall be sub-
mitted. No submission shall be made,
however, without a completed miner
identification document containing the
miner’s name, address, social security
number ang place of employment.

REVIEW AND AVAILABILITY OF RECORDS

§37.70 Review of interpretations.

(a) Any miner who believes the inter-
pretation for pneumoconiosis reported
to him or her by MSHA is in error may
file a written request with ALOSH that
his or her roentgenogram be reevalu-
ated. If the interpretation was haged on
agreement between an “*A’ reader and
a “B” reader, ALOSH will obtain one
or more additional interpretations by
“B” readers ag mecessary to obtain
agreement in accord with §37.62(b), and
MSHA shall report the results to the
miner together with any rights which
may accrue to the miner in accordance
with §37.7. If the reported interpreta-
tion was baged on agreement between
two (or more) “B” readers, the reading
will be accepted as conclusive and the
miner ghall be so infermed by MSHA.

(b) Any operator who is directed by
MSHA to transfer a miner to a less
dusty atmosphere based on the most
recent examination made subsequent
to August 1, 1978, may file a written re-
guest with ALOSH to review its find-
ings. The standards set forth in para-
graph (a) of this section apply and the
operator and miner will be notified by
MSHA whether the miner is entitled to
the option to transfer.

§ 37.80 Awvailability of records.

(a) Medical information and roent-
genograms on miners will be released
by ALOSH only with the written con-
sent from the miner, or if the miner is
deceased, written congent from the
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miner’s widow, next of kin, or legal
representative.

(h) To the extent authorized, roent-
genograms will be made available for
examination only at ALOSH.

Subpart—Autopsies

AUTHORITY: Sec. 508, 83 Stat. 803; 30 U.S.C.
957.

SourRCE: 36 TR 8870, May 14, 1971, unless
otherwise noted.

§37.200 Scope.

The provisions of this subpart set
forth the conditions under which the
Secretary will pay pathologigts to ob-
tain results of autopsies performed by
them on miners.

§37.201 Definitions.

Ag used in this subpart:

(a) Secretary means the Secretary of
Health and Human Services.

(0 Miner means any individual who
during his life was employed in any un-
derground coal mine.

(c) Pathologist means

(1) A physician certified in anatomic
pathology or pathology by the Amer-
ican Board of Pathology or the Amer-
ican Ogteopathic Board of Pathology,

(2) A physician who possesses guali-
fications which are considered “Board
of eligible” by the American Board of
Pathology or American Osteopathic
Board of Pathology, or

(3) An intern, regident, or other phy-
sician in a training program in pathol-
ogy who performsg the autopsy under
the supervision of a pathologist as de-
fined in paragraph (c¢) (1) or (2) of thig
section.

(d)y ALFORD means the Appalachian
Laboratory for Occupational Res-
piratory Diseases, Public Health Serv-
ice, Department of Health and Human
Services, Post Office Box 4257, Morgan-
town, WV 26505,

§37.202 Payment for autopsy.

(a) The Secretary will pay up to $200
to any pathologist whe, after the effec-
tive date of the regulations in this part
and with legal consent:

(1) Performs an autopsy on a miner
in accordance with this subpart; and

§37.203

(2 Submits the findings and other
materials to ALFORD in accordance
with this subpart within 180 calendar
days affer having performed the au-
topsy; and

(3} Receives no other specific pay-
ment, fee, or reimbursement in connec-
tion with the autopsy from the miner’s
widow, his family, his estate, or any
other Federal agency.

{b) The Secretary will pay to any pa-
thologist entitled to payment under
paragraph (a) of this section and addi-
tional $10 if the pathologist can obtain
and submits a good quality copy or
original of a chest roentgenogram
(posteroanterior view) made of the sub-
ject of the autopsy within b years prior
to his death together with a copy of
any interpretation made.

[35 FR 13206, Ang, 19, 1970, as amended at 38
FR 16353, June 22, 1973]

§37.203 Autopsy specifications.

(a) BEvery autopsy for which a claim
for payment is submitted pursuaant to
this part:

(1) Shall be performed congistent
with standard autopsy procedures such
as those, for example, set forth in the
“Autopsy Manual”® prepared by the
Armed Forces Insgtitute of Patholegy,
July 1, 1960. (Technical Manual No. §-
300. NAVMED P-5065, Air Force Manual
No. 160-19.) Copies of this document
may be borrowed from ALFORD.

(2) Shall include:

(i) Cross and micreoscopic examina-
tion of the lungs, pulmonary pleura,
and tracheobronchial Iymph nodes;

(ii) Weights of the heart and each
lung (these and all other measurements
required under this subparagraph shall
be in the metric system);

(iii) Circumference of each cardiac
valve when opened;

(iv) Thickness of right and left ven-
tricies; these measurements shall be
made perpendicular to the ventricular
surface and shall not include
trabeculations or pericardial fat. The
right ventricle shall be measured at a
point midway between the tricuspid
valve and the apex, and the left ven-
tricle shall be measured directly above
the insertion of the anterior papillary
muscle;
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(v) Size, number, consistency, loca-
tion, description and other relevant de-
tails of all lesions of the lungs;

{vi) Level of the diaphragm;

(vil) From each type of suspected
pneumoconiotic lesion, representative
microscopic slides stained with hema-
toxylin eosin or other appropriate
stain, and one formalin fixed, paraffin-
impregnated block of tissue;, a min-
imum of three stained slides and three
blocks of tissue shall be submitted.
When no such lesion is recognized,
gimilar material ghali be submitted
from three separate areas of the lungs
gelected at random; a minimum of
three stained slides and three formalin
fixed, paraffin-impregnated blocks of
tissue ghall be submitted.

(h) Needle biopsy &technigues shail
not be used.

§37.204 Procedure for obtaining pay-
ment.

Every claim for payment under this
gubpart shall be submitted to ALFORD
and shall include:

(a) An invoice {(in duplicate) on the
pathologist’s letterhead or hillhead in-
dicating the date of autopsy, the
amount of the claim and a signed
statement that the pathologist is not
receiving any other gpecific compensa-
tion for the autopsy from the miner’s
widow, his surviving next-of-kin, the
estate of the miner, or any other
SOUTCe.

(b} Completed PHS Consent, Release
and History Form (See Fig. 1). This
form may be completed with the assist-
ance of the pathologist, attending phy-
sician, family physician, or any other
responsible person who can provide re-
liable information.

(¢} Report of autopsy:

(1) The information, slides, and
blocks of tigsue required by this sub-
paxrt.

(2) Clinical abstract of terminal ill-
ness and other data that the patholo-
gist determines is relevant.

(3) Final summary, including final -

anatomical diagnoses, indicating pres-
ence or absence of simple and com-
plicated pneumoconiosis, and correla-
tion with clinical history if indicated.

42 CFR Ch. | (10-1-09 Edition)

FIGURE 1

U.8. DEPARTMENT OF HEALTH AND
HUMAN SERVICES

PUBLIC HEALTH SERVICE—NATIONAL COAL
WORKERS® AUFTOPEY STUDY

Consent, Releage, and History Form Federal
Coal Mine Health and Safety Act of 1869

i
(Relationghip) of , {(Name of
deceased miner) do hereby authorize the per-
formance of an autopsy ( )
(Limitation, if any., on autopsy) on said de-
ceaged, T undsrstand that the report and cer-
tain tissues as necessary will he released to
the United States Public Health Service and
to (Name of Physician se-
curing autopsy)

., (Name}

I understand that any claims in regard to
the deceased for which I may sigh a general
release of medical information will result in
the releage of the information from the Pub-
lic Health Service. I further understand that
I shall not make any payment for the au-
topsy.

Occupational and Medical History

1. Date of Birth of Deceased I
(Month, Day, Year)

2. Social Security Number of Deceased

3. Date and Place of Death N
(Month, Day, Year) (City,
County, State).

4. Place of Last Mining Employment:
Name of Mine
Name of Mining Company
Mine Address

5. Last Job Title at Mine of Last Employ-
ment
(a¢.g., Continuous Miner Operator, motorman,
foreman, etc.)

6. Job Title of Principal Mining Occupation
{that job to which miner devoted the most
numhber of years)

(e.g., Same as above)

7. 8moking History of Miner:

(a} Did he ever smoke cigarettes? Yes
No

(b) If yes, for how many years?
Years.

(e) IT ves, how many cigarettes per day did
he smoke on the average?

(Number of)
Cigarettes per day.

(d} Did he smoke cigarettes up until the
time of his death? Yes No

(&) If no to (d), for how long before he died
had he not been smoking cigarettes?

8. Total Years in Surface and Underground
Employment in Coal Mining, by State (If
known) (State).

9. Total Years in Underground Coal Mining
HEmployment, by State (If known) .
(Years) {State).
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Public Health Service, HHS

{Bignature)
(Address)
(Date)”
Interviewer: oo
PART 38—DISASTER ASSISTANGCE

FOR-CRISIS—-COUNSELING -AND
TRAINING

Heor
B2
38:2
383
38:4
286
286
884

Purpseereoerdinabion.
Definittons:
Assistencerprocedures-Hmitations:
Centrashs:
Grrant-apdistanse:
Nendigerimination:
338 Griminsl-end-eivil-penalbies.
38:9 Federal-audite:
Picapter-Relief-Aetb-6f-1974;-88-Bbot—16%—13
TR -b1E8 - H0-11786+ 80-FR-36988; -ao-amendod
by-EQ-11910;-41-FR-15681-

SOOI PR~ New 281876 —anless
stherwise-nateds

£38.r Purpeseresordinations
(ad  Purpese: This part esbablishes
phandards-and-procodures-fon-the-impl
m@ﬂ%&;&@ﬁ%ﬂ%@}@ﬁ%&&@fmwaw
288.the-Disaster-Relief-Aob-gf 107440
B8 G-5188-which-nuthorizes-the-pros-
slen,-elther-direotly-or-throvgh-finan-
eted-aseistanes—te-State-or-tosal-agen-
eles-or-private-mental-health-organiza-
{Ay-Professicnal--csunseling -50rvicss
fo-vietims-of-or-maior-disagber-in-order
o rellewe mental healbh preoblems
sgused-or-ageravatod-by-sach-a-maior
dissster-er-ite-aftermeath-and
£-Praining—of-disaster-woerkers—to
provide-or--assist—in--previding-these
professionel-counseling-sorviees:
by-Ceordination—The-Secretary;-aot-
ing-through-Fhe-National-Institute—of
Mentaid-Healthy-will-ag-provided-in-24
CR-2205:51;-carry-outb-seetion-413-of-the
Aet-and-this-parb-in-eserdineticn-vwith
oand-under-the-goneral-peliey-guidanes
ofy-the--Administrabor-of--the—Tederal
Pigaster Assistanee Adminisbration:
Centractas—and-—-grants—avwarded--under
this-paprb-are-sadjcet—to--all-applicable
provisions—ef—fthe—Aet-and-the-imple-
menting regulations premulgeted by
the-Administrater-(24-CRR-part-22083-

§38.2

$88:2 Definitiens:
All-berme—-not-—-defined-—-herein-—shall
bave-Fhe-same-mesning-as-given-thens
in-the-Aok-As-used-in-this-part:
{ay-Aot-menns-the-Pigaster-Relief-Aot

trater-Federal-Ritaster-Ansintance-Ad-
ministration—(FRAA—Department-—of
Housing—and-trhan-Develepment—and
anv-other-perzon-te-whem-he-delegates
the-awthority:
ter-Contractor-raesns-any-pablie-agen—
ey-or-private—mental-health--organing-
tieon-whieh—pursuent-to-this-part-con-
traets-with-fhe—Seerckbary-to—provide
profossicnal-mental-health-erisis-coun-
peling--services—or—bo—previde-—mental
healbh-tradning-for-disssber-workers:
{-Grisis-means-the-exigtence-of-any
life-siteation-resuiting-fror--a-maior
disaster-or-tta--aftermath--which--go-ef-
fesby-the-emotional-and-mendal-equi-
librium--ef-a-disaster-viebim-that-pro-
fessional monbal M&}ﬂah eounseling

{ey  Disaster w&#ﬁmﬂs means menbal
health spoeialists gsuash as payehia-
tpigte;  poyvekelogists;  payehiabrie
nurdes; goeial werlers; er gualified
agenba-thereof:

{fy-Federal-Goordinating--Officer-menns
the-person-appointed-by-the-Adminig-
brater-te-coordinate-Fodoral-ansistance
in-a-major-disasher:

{ey-Governor-means-the-chiof-oxeem-
tive-of-a-~-Sbate:

thi-Grantee-means-any-publie-agency
ar-private-nonprofit-mental-health-or-
ganizatior whieh; pursuent beo this
parb-is-awardeda-grant-for-the-purpsse
of-providing-professional-menbal-hoalth
erisis eounseling services or menial
health-training-for-disasber-werlkers:

{iy—Meafor--disaster—means—any-harei-
eane; Lornade; stormy fleod; high-
water;--wind-driven--water—tidal--waver
toerami; earthgualke; wveoleanie erap-
tien;-landslide,—mudelide;—snowstorm;
droughi-fire-explosion—or-other-eatas-
trephe-in-any-part-eof-the-United-Btates
whieh; in the determinatien of the
‘Presidont—esuses-damage-of-safficient
geverity and wmegnitude te warrant
majer disaster assistanee under the
Aret-above-and-Beyend-cmerseney-gerv-
iees—by-—-the-Bederal-Coevernment,—te
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American Thoracic Society

MEDICAL SECTION OF T‘HE. AMERICAN LUNG ASSOCIATION

- Standardization of Spirometry

1994 Update

Trig Oesrciay STATEMENT OF THE AMERICAN THORADT
SOCIETY Wy ApOPTED Br Tne ATS Boarn OF DiRECTORS,
NOvEMEEA 11, 1994

CONTENTS
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Recommendarion: Forced Viml Capacity (FYQY
Recommendation: Thued Foroad Expiratary Volume (FEVY)
Recommendation: PEF
Recommendation iMonimoringl: PEF
Recommendation: FEFrs.1e%
Recommendation: Fiow (V)
Recommendation: Forced Expiratory Time (FET)
Recommendation: Foreed Ingpbracory Yiai Capacity
Manggvers
Rerommendation: Maximal Volugtary Ventilation (MYV)
General Background: Spirometry Recordesss Displays
Recommendation: Display of VT Manepver
Recommendation: Display of FVC Mareuver
Récommendation: VO and FY¥C Manewver Volume and Time
Scales
Recommendation:; Flow-Vohume Cueves
Recommendation: Corrsetion 1o 879
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Equipment Validation
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Resommendation: MYV Yalidation
Quatity Control
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wansuver Performance Recommendarions
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Performance
Recommendation: FVC = Subject Instruction and Manesver
Performance
Recommendation (Monitoringy PEF -~ Subjecs Insirection
and Test Performance

Thig jtatement was oreoired by the CommitTes oo Froficsency anayrds for
Chnmcas Pulmasaty FurClivn Lagoratanes. Wemper of i commtree: Rabeet
2, Crape bt Ix, Chieens, oty L Hankeson, P, Chartey inan, #0D. M
B, dMpcintyre, MU0, Karen I, Voter 8.0, 308 Bo0en A Wite, M0 Sremme
s " jotsts &, 2.0, Sudcsmeautes Chairmar, Ouiies
v, P DL, Hooert A s 3.2, Inveed Spromeny Sagr DLEO Woessnot bar
e Bran Crara, P D, Cad OBonred, 0.0, Paoln Paeta, M.D,, Joseo
Rgga, M., ane Sovanm Vg, DL (ombonting mempery. argaret R,
Secalare. 1 0, A Sord Bt 9555, Cary autdoulin, P D, Rober L jensen,
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Recommemdation: FVC - Satisfactory Start-of Test Cruena
Recommedation: FVC - Mimimum Exhalation Time
Recommendation: FYC - End-ofTest Criserin
Herommendanion: VO and FYC -« Maximum Number of
Mangavars
Resormenendadon (Monitoring): PEF - Number of Trials
Recommendtiion: VC and FVC - Envirormenttl Conditions
Recommendatiom VC and FVC - st of Nose Clips
Recommendation: VO and FVC « Sliing Versus Standing
Recommendation (Monitoring): PEF~Nose Clips and
Subiect Position
Measgrement: Procedures
Measuremen
Recommendation. ¥C and FVC = Test Resuht Selections
Reporring of Resulis
Recotamendation (Monioring): PEF - Test Resulty
Reporting of Readings
Acteptability and Reproducibifiny
Recommendation: YO and FVC = Maneuver Adceptability
Recommendation: ¥C and FVC = Test Reselt Reproducibility
Recommendation: PEF ~Maneuver Acceptability and
Reproducibility
Referenice Values, [nserpretation Standardization, and Clinical
Assessment ’
Ciinical/Epidemiologic Considerations
Appendix A: Sample Spirograms
Appendix 3: Spiromeser Tendng Guidelines
Appendix C: Standard 24 Wavetforms for Spiromeisr Validstdon
Appendix O Standad FlowTime Waveforms for Validating PEF
Appendix E: Signal Processing Tutorial

The first American Thorachk Sociery {ATS) Statement on the Stant.
dardization of Spiromerey was published 15 ¥r 2ge and was based
on the Snowbird Workshop beld in 1979 (1), This initidl suase-
ment was ipdated i March 1987 (1) after § ur of practical ex-
perience wilh {ne iritial recormmendations. The state of the ant.
of spitometry has continued 10 advance as a result of seiennfic
studies thit have provided sdditional dats relating to performance
of spirometry. The use of compurers for spirometry measure-
ment has besoms evenmore sommonplace New statements by
the ATS (3) and the Europesn Respiratory Society (4) also un-
derscore (he need 1o update the ATS statemett on spirometry.
This revision of the standards for spirometry reflects thechanges
in cliniex! eraphasis and in pailable wechoology since the 1987
ATS spirometry update {2} wes published. The changesin chini-
cal emphasis and equipment inshude:

+ The strong emphasis on the use of povtable peak flow metess
to monitar hing fancdon in asttmatics by the National Hear,
Lung. and Bloed Instinute's Asthova Education Program (5,
the International Asthma Managersent Project (6), the Bris-
ish Thoracic Soclery (7}, and othere.

+ Thecorresponding devslopment of many new model peak flow
monitoring devices, some purely mechanical and some elee-
onit

* A beiter undersianding of the complexities of correcing spuo-
metric values t sres comditions,
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A greatyr a;&wma;éga of she imporance of the wechnjcians
and procadures in achieving good spiromerric resuins,

A raeressed congern about (he nsk of wansission of ifeg.
tious giseases during pulménary fundtion feamE

+

We nave responded 1o 1hese Thangss v

Saparaiing the stzndards for leboratory or 4iagnosoe sprom-
eters from those of devices designed 1o b wmed primantiy as
Manitors.

¢ Addimg aTPs 1esting 0 the stng of spiremeters.

« sgdding @ seution on performance of siow vital capagity,
Serengthening and ppdating the procedural aspects of quatity
somtol including an appendix with sample wicograms.

* Adding & section on hygiene and infection cootol

-

A central godl of any guwdeline or standardiration docatnant
is 1o jmprove perjormance and thus decrease the varlahility of
laboratory testing. [n 197941, and again s 1987 (1), the percep-
tion wig (hal the major sourte of variabillr w8 insnuments.
tion, More recomly, instrumeniation has improved W a pomt
where other sources of vartabHity can be Kemified, in particu-
tar, procedural problams. in 1385 the ATS Soatemen on Lung
Furction Testng: Sslection of Referenoe Vaiues and {merpreta-
ion Sjrategies () wated: “The largest single source of within-
subject variability i impropty porformanice of the est” Maore
recently, Enrighs and coworkers (8} hnve shosm a posithve jm-
pac: of a0 sxiensive qually control program on spiromsiric
results. As & vonssquence, there is an effortin the prosen state-
ment o address iwes of tost performance and Quality conerol.

The ATS suitements on sundardizaton. of spiromery have
Bast far-reaching ¢ifocts on manufaciurers and msers of spirons-
eters. in S0REs cases, manufacterers have used the document 2s
& minimium parformance tequirement document. We continue
1o b woncerned with this zpproach and encourage manufacturers
0 seek sxcnilence inderign 20 that the stare of the art for splroms.
sters will mecesd ATS recommendations, Some research protocsis
wil] necessitate aven more sTINgent foquirements than stated here.

Spircmery is 2 medical test ihar measuses the volume of 8ir
st individuat inhales o exhales as a function of Hme Flow, o7
the reiz 25 which the volume 13 changing as a funciion of time,
ey pise be measured with spiromerry. Spiromesry, ke the mea-
srement of blood pressare, is 2 useful soreen of genera health,
£k the dvnple measurerent of blood pressuse. it does nog suf-
{icein bertadn titsations where more extensive iesting is warmaaied.
Spiromniric resuits correlate well with morbidity and life expec
ey, Speiromatry is used to affect decisions about ingividasl ps-
sients, Hcluding the nasuse of the defee:, s severity, and the re-
sponst 1o therapy. Table | lists some of the Ww mﬁ;mions
for spiromeury

fesults from sests based on spitometeic manmivers Len have
an important ¢ffect on & person's Elesyle, standerd of living,
znd furuee treatment (10}, Similarky, securate and precise spirom-
2rers are required for epidemiviogic studies. Rates of improve.
meni ot deterioraion of pulmonsry fanction mesured in rela.
1107 10 environmestal exposures andfor personal characteristics
may be erroneous if Inaccuts spirometers aee used of s stae
suive if imprecise spiromaters are used (1

Maximizing the cimical usefulness of spirometry depends on
a ninber of sténs, ranging fromeguipment selorthoh 10 interpie.
1anon, and ultimaely involves chinlcal atsesyment, Figare 1 b5
a flow diagram of these stops.

The fiestsiep iy cxmbisbing squipmens performance criteria.
The Snowhird Workshop {1, 1987 Update (2), 2ad this updase
give recommendations for eqipment used for spirometry

The sesond step (At prodess involves validesion thad the
spirameter deslpn mests the minimum recommendationsthrough
the ring of 3 representative device, Derailed methods for pere
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 Agapq trom sinbrence 5.

formdng rhe vatidation testing ats ouitined lter in this starement.
The ATS makes squipmett recommendalions but doss aot a
a5 3 certifving agency 1o verily compliance with these standards,
Spirometer wsers shod carelully select cquiptnent thas meets
the ATS recommendations o assure chat spirometry tasting can
be done accuranely. Before purchasing a spirometer, it is wisero:
(1) 2sk the masufaciuser 10 provide cumemary darg that demon-
stranes That the dedice Being consideted mects or axceeds ATS
meomunendations, or () review resuits of splsometry testing from
independent tesing taboratories. This satemen does ot man-
dare sesting by un independent laboratory. There are many cali-
brated compaer-driven syringes available. When an independint
Taboratory is not used. manufacturers should make the westing
protoccl, the mw data, and the somsmary datz avislable 0 poten-
tiaf customers for their review.

Everi afler spiromerers have been found 1o meet ATS recom-
mendations, they (like other mechanical, decirical. of computer
SqBpmsn must be zoutinely checked for performanee quality,
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Ravommendations for spirometer quality control have been dew-

veloped by the ATS snd are semmarized In this stavement,

Spiromerry ivan effortdependen maneuver thag seqgires un-
derstanding, coordination. and cooperarion by the patientsub-
jeew, who must becarelully instructed. Thus, procedural recom-
mendations are imporant compotients of testing, Part of the
recammendation is 1o obtain a sufficient number of maneuvets
of adequate guality and then determine if these acceptable mangy-
vars are reproducible. implving that maximal effort has besn
schdeved. Omoe spfromenry maneuvars have been performed, data
are slther measured by hard or compurer. Measurament proge.
dures gre moiuded in this aricle w el sequre that wniform
mehods are gsed and comparable results are obtained, These
recomensndations inclade considerstions such asusing “back ax-
rapolation” for decermining the “start-ofiesy” time t2er0 peinn
for measures suck as FEVY, and the criteria 1o determine the end
of the expiratory mansuyr. Instrumants thas provide faedback
10 the techniclan in the form of checks on the edequacy of the
data are cleariy desirable

The interactions between teghalcians and subjects are crudind
to odtaining adequate spirometry, sincs It I5 such an effort-
dependent maneuver. Technicians must be trained and must main.
tain & high levet of proficiency 1o assure optitnal resules.

The spitogram tracing must be carefully scrutinized for qual-
ity. Recommendations abour quality, acceprabifity, and reprodu.
cinfity of test results are presented. as welt a5 examples of unac
ceptable maneuvers (see APPENDIX A). After adaguate reudis
are obutined, they are wsually compared with referance values
0 maks a8 assessment Unterpretationt of the reselis. The ATS
199 Siatement on Lung Fenction Testing: Selection of Refer-
ence Values and Interpratative Serategies provides guidelines for
sefecting reference values and imerpredng the resulis. Chalcs!
zssessment should bean inegral pary of spiromesy. Resulis ob-
taned from spirmamiry are only onepart of the much morecom-
plex patient-care refutidnship or seszarch study anadysis, [tisthe
responsibilivy of the abormouwry director o peondde adequate qual-
ity comtrod prooeduies 1o assure that an atiespt (o mest thess
recommandanions and criteria has heen made:

In both theorigival ATS starement on spiromeery and thé 1987
undate, a rationale was provided For sach recommendarion. Since
many of these recommendations and thedr rationales have not
changed sings the original satements, the reader fs referred 1o
the 1997 updme 23 for the rationales concerning less copyrover-
sial recommendations.

DERANITIONS

All wrems and abbresiadons used. here are based on & teport of
the American College of Chest Physiclang (ACCPI-ATS Joimt
{amemiies on Pulmonary Nomenclature {12

Accuracy znd precision are important terms in sguipmient
secommendations and warrant some defindtion, Accuracy error
wihe yestematicdifferenoe berween the “irue”™ and the measured
value The accuraty of a spiromerer system depends on @ num-
ber of Factors, including linearity and frequency response of the
system Of processor, sensiivity toenvironmental conditions, cal-
ibration. and sdeguacy of correction factors. Its precision de-
pends on the signalinotse ratio and ou the resolution (k4. the
mimimal derectable volume or flow). Precision error. wsually
denated reproducibitity, is the numerical difference barween suc-
cessive measurements (4), For axampie, ifs volume spiromeser’s
- penis ol on zero byt at 1 L, ail volumes read directly from the
graph wouid be overread by | L. The acowrary error would be
I L, since the measured volume would read 3 L when the aue
volume is 2 .. However, the precision of the spirgumeter would
remain unchanged, 35 the spirometer would corsistenly read J
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L #ach tme 2 1 is injecied inte the spirometsr. For some appil-
cations, &g, peak expiratory flow (PEF) momtoring, ptecision
it more important t}-an accuracy.

In several sections of this document, the teems “apen circyir®
and “closed cireufr” techndgue are used. The term “open drom”
spirometey refers to the methad of conducring spirometry where
he subject takes 3 full inspiration before nserdng the mouth-
piece 1o perform tha est. I this spproach. the subject doss ot
inhals from vhe spiromerer orpotencally conmminated Mow sen-
sor, The erm “dlosed clroult” spirometey refers 10 the method
aof condueting spiromarry where the subject is attached 10 the
imouthpiece before the inspiration is begun. and often several
tidal breaths are obtained. In this 2pproach, the subject does in-
fale from the spiromater. There are advanrages and disadvan-
tages 10 both of these approaches and both are recommended
procedures, For exampie, an zdvantage of the closed cirewit weh-
nique is that it alicws mazseremeny of expiratory reserve volume
(ERVY, tidal volume (TV), and fnspirmory Tlows.

Previous recommendations (1, 2% wreased all sptromesers alike
whether used for clinival, diagriostin or epidemiciogic purposss.
However, a new class of devite hay betn added for monkoring
purposes. Modtoring devives {porablie peak [low meters, ew.)
have separate recoramendations from dizpnostic spivomersts for
the recordersdisplay requirements as well 4 the acouracy require.
meas. Eit adciizﬁctm g*m"&ian mqrsi;emem ave bcea adéed t‘ar

dmces ire sdemﬁ:& i d“!is stasement by the nomt:om ‘Momm
ing.” We do mot recommend the use of monitoring devices for
dizgnostic prposes i the tradinonal dizsgnostic setting where
ont i comparing & measured vajue with a reference velue In
this setsing, monitoring instrumenes gre likely 10 be inadequaie
because: () they may be less accurate than diagnostic instru-
ments: {2y they usuaily cannor be calibrated or checked 1o assurs
their performance: (37 thelr graphical dispiavs may be misging
of inadequate 10 aliow proper evaluation of tha subject’s effort
and overall st quality; and (¢) cwrent PEF standards of = 10%
altow models of instruments to vary by up to 20%, adding vari-
ability 10 reference values derived when a monitoring instrument
is used. However, monitoring instruments may be useful in di-
agnaosing excessive varjabtlity in spirometric parameters because
they 1end to have excellant precision.

EQUIPMENT RECOMMENDATIONS

Arcurare results require accurate equipment. Spirometer equip-
ment. recommendations apply to all diagnestic spirometers
whether used for clinical or epidemiologic purposes. Instrumen-
tation recommendations should be followed to provide accurate
spivometric daca and Information that are compazabié from lab-
oratory 16 laboratory and from ane time period to another (1),
The accuracy of a spiromenry sysern depends on the rasolution
(Le., the minimal detsctable volume or flow) and Unearity of the
entire system, from volume or Bow transducer 1o recorder, dis-
play, ot processor, Errors at any step in 1he process can affect
the accuracy of the results. For exampie, if the 5195 correction

© fattor is o error, an acourate. uncorrected FVC wil] becorrupted

witen. the factor is appiied,

Recommendations are st provided f&r dxagms‘uc spiromme-
ters, Tollowed by recopssmendations for monfioring deviees un.
dar the subbsading, “Monitoring, " For example. the ¢quipment
eacommendations for disgnostic spiromerry are summarized in
Table X and for monitering devices in Table 3. Spirometsrs ars
st reguired 10 measure il the following parameters bul must
meet the recommendarions for those parameters that 2rg mea-
syred. Avcuracy and precision recommendations apply ovee the
entize volume range of the Instrument.
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TAfLE 2
MINIMAL RECOMMENODATIONS FOR DIAGNOSTIC SPIROMETRY?
RangeeActurady Flow Hange Tiene hesastanie SR
Tast g} 3] B Suck Bepsauine et Bgnal
4 0.3 w B La'3% of sadiny o 2000 L mme s X i, Rl Surpige
ADCREYEY L greater
234 S 2518 Ly % ot rang a2 0050 5, R a A 5 imsingn 1S 23 yaaeng
wiiGhaner o Qraniee oY Flvli % WATEREIRG
34, {al Svnnge
Yy 0.5 0 8 L2 5% of reating or 2 D050 1, 2eew 16 T Lesthan i d 3 mnparg
whiiesr iy gradTer oim my0iLs R H
Timve JetG The bimm QoD Irom el sil FEV, Fadc extey
fmeasurements are taken perRlion
PEF Ackurscyy & W% of readng of 2 0400 U, et to 34 Sam a3 FE 3§ Dow wangai
wiuchever 1§ greater - Frieefren
Pracivions & 5% of resping ar ¥ 0,000 L1,
wingnevel 1y greater
Fifrg.rpm 7.0 Utz 5% of reacing o £ 0.200 L, %1% Y tame oy FEV 24 pandacs
whitheves 1y greatet ' ettt
¥ % 14 L4h 2 5% of resaing or 2 G200 L. e re 14 1% lamk asfEV P10t g
whicheves « greater et
AWV 250 Uann 2t TV of 2 | wothin & 10% af FRL] 13 Pressuse iest Sng wevE pump
FRHING &7 £ 15 Limin, whiehivtt 3 gleaiat I wis dangom
M3t PL T
200 My

* Uneess speohday HARG, DD fequaretienity gk the SEME 43 e MR MMgUImER.

Recomnsendation: Yital Capacity (VC) ply must aceount for the total oxygen consumed, maintaining
the volume constant st functionad sesidaal capacioy. I thisis not
done properly, an incorrest YO could be obtained, Because of
this potennial arror, the rebrsathing wohnique with the absorp-
tion of carbon dioxide is discouraged a5 a technique when oy
VC 1 10 be measured. .

Ratiorale. 1o some subjerts, a siow of ralaxed vitsl capaciy.
provides 4 more dscurae deteemination of the vital sapacity than
those oblained with 3 forced exhalation, Forced explratory wil-
umes are usually lower than those sbeained with 4 siow exhals-
tion in subjects with adrwavs obstrugtion and in older subjects.
With severe airways obstracdon, VO valuss may be larger thap
FVC valyes by as much as 1 L.

V¢ = The maximal wolume of air exhaled from the poing of
maximal inhalation or the maximal volume of air inhaled from
1 point of maximal sxhalation can be measured with a slow ex-
halation or inhalation, respectively. This was previously called
the “slow” vital capacity and has been batter described.as the
“radaxed vieal capacity” (13% The VC is expressed in liters {a7ws).
47Ps is body conditigns: normal body mperatere (17° C), amy-
inent pressure, saburated with water vapor. When the rebreath.
ing technique is used, an oxygen supply may be provided and
carbon dimddeabsorbed to account for oxygen consumption and
the production of carbon diode. In this case, the oxygen sup-

TABLE 3
MINIMAL RECOMMENDATIONS FOR MONITORING DEVICES
PG B RV PEF
Amgqurement {arrs) £.0e.1]
Sange High 430 10 8 1. Migh: 100 Limin to 3 200 Eimik oot & B30 Livae
towt 0.5 10 64 Lows 60 Umin o & 276 Limun bt € 400 Lt
gurRly 3 5% of reating or x QOB L £ 108 of atading oF = 20 Limes, whstheever o greater
whigMioves iy greater
Fregsn 2 % gl reaging of 2 0050 4 intratizios: € 5% of reading o £ 10 Limun,
wingheves 1§ grete St 1 greater
imprdevice: & 0% of reading of € 20 L'min,
WHHEYE L Qregae
Leeqrity Wil 3% dver range Withis $% over range
Ceaduatont Consian geer $217% Tange Congtant fver ERDre fIa0e
High: Q100 L High: 20 U
Low: 0050 L Lo HE Uimin
Resadution Hughe VG L High: 18 man
Lowr G045 L Law: § Limin
Asustanen Ledy grean 2.5 om #3041 L, rom 153t LS £m B fom e w0 1A Wy
oo 10 14 Lis
Mimma grescanie
vaHE: QB L, -
Tert Yorst R A selimetime 25-sanaard fiose-tme wavelsnms
s

Highy o righe tADQE 3053 foee & 10w TibQE BERLES.
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Figure 2. Typical subegt wavelorm of 4 volume-time Spirogeas -
luirating bdck extrapolation to determineg “Irme feeo.” Extrapoiata
wlume = Vet

For measurements of YC.the spirameter must e capable of
accwmutating volume for ar feqsr 30 5. Spiesmestrs st By capss
vleof measuring volumes of av feast § 1 (ares) with Mows be-
vesen zert and B4 L/s with 3 volume acouracy of arfeast = 1%
of regding or o 0050 L, whicheser 5 greater.

Recomenendation: Forced Vital Capacity (FVQ)

FYC = Maximal volume of dr waled with maximally forced
affers from & poshion of mandemal nspiration, T4, vital capacity
performed with 2 maxipally forced expirazary effort, expressed
in firers {Bres)

The dizgnostic spitomewsr muse be capable of measuring
vihumes up to of feast R L (errsh with an accuracy of af lest
= 3% of seading or = 0,050 L., whichever is greater, with flows
berween 270 and 14 Los, The %L renge requirement applies o
newly manufaetired instremenis: sxisting spirometers whh 2 7.1
ratge ey condnue (o be used. The spirometer must de capable
of sccamuiaring volume for of feast 13 5, although longer times
szt preommended.

Menformg. Momoring devices must be capabie of measur-
g volumes up o & feosr § L (gresh with an accuracy of ot feant
= 3% of reading or = Q.00 L., whichaver i greater, wish {lows
perween zero and 14 LI E The pracision of the monitorisg devisss
must be ar feast = 3% of reading or x 0.050 L, whichever s
gredrer, The devics must e capable of scommulating volume for
gt feasr 13 s

Recommendation; Timed Forced Expiratory Yolume (FEVY)

FEV, = The volume of sir exhaled in the specified time duriag
the parformance of e FVC, &g, FEV, for the volutne of =
exhaled durng the first secand of FVC, extreessed i Huers (aysy
Measuting FEV. cequires a spitomerer capabie of theasiiting
volumes of af feast § L. The spirometer must measure FEV,
within an goonracy of af feast = 3% of reading or = 0030 L,
whichever i5 greater, with flows between gero and 14 L/, The
searzeoi-test for purpases of dming musr be detarmingd by the
back exrapoiation meehod (1 14, 15} or ¢ method shown o be
equiealent (Figure 2, For manual measurements, the back ex-
wapolation methed treces back from the stespest slope on the
" volume-time cures (Figuee LR 1), For computér methods
ol back evirapolation, we rsommend using the largest slopeaver-

aged over an 8ms period (17 The yotal resistancs 1o airflow
2t 14.0 Lo must be less than 1.5 em H.O4L s The rotal resis-
rance must be measured including any tubing, valvei, pre-filer,
#te., that may be inserted between the subject and the spirome-
ter. Since sorme devices may exhibit changes is resistance dus 1o
“waier vapor condensation, resistanee rquiraments imast be mes
untder 7ps conditions when up (o ¢ight sucesssive FVC maneu-
vers are parforvued in g [0-min period

Muonitoreg. The monitoring device must be capable of meas-
uring FEV, up o ar feasr 8 L (ares) with an acouracy of af least
= 5% of reading or = QN0 L, whichever is sreater, with flows
between zero and 14 L/ The precision of che mositoring devices
for FEV, muost be 2t Jeast = 3% of rending or = £.050 L,
whichever is greatr. Resistance should be less than 2.3 om
HO/L7s and the star-of-1es1 requirement is the same a3 for di
AENOJUC FPICCMeEtry.

Recommendation: PEF

PEF = Largest expimatory Dow achisved with a maximafly forced
effort from @ posidon of maximal Inspitation, expressed in
Hrsrs/second {B7es). :
Measuring PEF requires an instrument thar has 2 frequency
response that is flar {2 3% up 10 12 Hz, The iasrument must
measure PEF withinan scowracy of o 10% of reading ar = 0.300
L5, whichever is gremer, Invrasinstriment procision must be Jess
than 5% of reading or 0150 LA, wiichever is greater, [nerdevice
presision must be less than 10% or .300 LAu, whichever is greacer.
The following or an equivalens methed can beused in the de-
termination of FEFe or PEF for volume-time curvas, How-
ever, the method used to derive PEF tay depend on the messur
ing instrument (18), and the final determinarion of compliance
should be derermined through testing using the staadard wave-
forms (26 flow-time wavafonns, APPENDIX D), with PEE derived
from the fow-time waveform {Table DI, column 23
Determination of PEF can be performed from the volume-
time data by using a parabolic curve-fitting algorithm. which
smooths the dawa using 2 least squares parabolic fit to g 40~ or
80-ms segmmesis (ap = 2 of 4) of the volume-time curve, or

aAg
T J-volin+ )
id o

By
24 5 3
R}

flow () = PEF = Max (flow)

where flow = an array of flow values from siaft 1o end of wege;
n o= index of current flow dawa point (n = [ap ~ 1) 10 indx
valye of end of 1es0; Wl = &n array of volume valuss; = an
wdex value as indicated in the equation; h = 1he time between
samples (0.01 $in this example); np = the aumber of data points
{for @ $0-ms segment, np = 2 and for an 80-ms seament, np =
4}, and PET is the maximum value observed in the array flow,

Retivnale. Using the 26 flow-time waveforms to defipe PET
is a change fromahe 575 1987 Update. The PEFs for the 24 stan.
dard volume-time waveforms and the FEF ., described in the
1987 ATS Spiromerry Update used the shove algorithm with an
80-ms interval, Manufactuzers, through the use of mechanicat
simmulaters and the 24 standard volume-time waveforms, have
been implementing this or squivalent methods through thelr at-
tempts 1o derive PEFs simifar to chose defined by the 24 stan-
dard volumestime waveforms,

In addirion, the National Asthma Education Program (NAEP)
{5} has adopted ATS standard volume-time waveform number
34 a8 their standard for portable PEF wmeters, Hankinson and
Crape (18] have shown tar reducing the time inrerval in the above
equation from 30 10 40 me results in a3 much as an 3% higher
PEF for two of the 34 standard volume-time waveforms and 2
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%% higher PEF valae for waveform number 24, Regardluss of
this apparent change, PEF Is a flow parsmeter and tharefore
should be defined based on 3 foweime waveform rather than
a velume-time waveform (Le. waveform pumber 241, The final
deterpnination of compliznee should by dessrmined throush tesy
ing vsing the standard 26 Mow-time waveforms {Apprxoy DY
and the PEF derived from the flow-time curve (Tabile DL, solumn
I} This approach atlews all of an instrument's chagsasrstics
to be constdered. rather than onjy the PEF computational al-
gorithm. Because PET is morg variablethan FYC and FEY, trd
besause of the confusion surrounding PEF definition. 2 refa.
tively large = 0% acouracy requirement was aliowed,

Recommendation (Moniteringk: PEF

PEF = Largest axpiratory flow achieved witha maximaily forced
effort from .2 position of maximal bsphration. expressed in
{ters/minute {95

Monitoriag PEF also requirss an Instrument thae bas ¢ fre
quency response that it flai (& $%hup 1o 1 Bz and sresistance
fess than 2.5 con BLO/L /5 with flows upw 8 LA The s
ment st measuee FEF within an acouraty of = 10% of pad-
ing or o 30 LAmin, whichever is greacer, with PEFs between 50
0 400 L/ min For childres and from 100 1o 850 L/Amin for adults,
The lower it rangaof the Instrument rust be fess than or equal
to 60 Léoin for children and 106 L/min for adults. The upper
fimit range must be gregrer than or squalte 275 Laonds but fess
shat 400/L min for children and grester than or equal to 700
E/min but less than 850 Limn for adulte IF masoad reading
of the instrument is used, the readder must be ade o resolve ar
least 3 L/min for low range {children) and 10 L/min for high
range (adults} tmarked PEF intervals {graduations] no greater
than 0 L/min for low range and 2 L/mip forhigh range). Imera
instrement precision must be ités than or egqual t9 3% of read-
ing or 10 L/min, whichever is greater, Inrardevics precision must
e fess than 10% or 20 L/min. whichever is greater. Data on
the instrument’s fife spen and durability must be provided
by the manufacturer, specified as e typical Bfe span over which
he insrrament will satsfy the requirements of this seotion,

in addition w the sbove requirements. PEF measuring devices
ust 2lso provide a method of reporting values at e, Forponse
zble PEF mevers, aTPS cormerion may be accomptished by limit
ing the snvironmenal operacional range for the instrument in
werms of baromeisic pressure (altftude) and ambient tempera-
ture, Portable PEF meters must méet the acourdcy asd precision
requiremenss above, given the range of environmental conditions
encountered with typical use A 10% accuracy requirsment, higher
than the $% for other flows, is rcommended to 2lluw for paten-
t;&} BTPS correction compiications associated with PEF mearure-
mients, Besides providing s method of correcting PEF values to
¢TPs. the instrument's magufacturer must also provide a correg-
tion far the effeces of altitids or other environmental congitions
25 3ppropriare.

A package tnsert must be provided with each ponable PEF
mater contaiming af fease: (7 )yclear instructions (with Hlastrations)
for use of the ingtrument in simpde terms that are enderstood
by the general public; €2} instructions eoncerning maintenmncs
of the instrument and metheds o recognize when [t s malfune-
onitg; and (7 approprizte actions w be takeh when PEF read-
tngs change apgpraciably (e, whom to sontas)

Rarionate. Concerving the requirement of & Ml frequency re-
sponse p 10 12 Hz, Lemen and coworksrs (19) have shown that
the mean highest {requeney (HEY with significan: amplitude con-
tenr was §.06 Mz in healthy individuals and 6.4 Hz in patients
and smokers. They concluded that flow measuring devices should
have 3 frequency rasponse that is flar up o B2 Mz, Pestin and
zoworkers (207 found a wlightly higher BF of about [0 Hz in
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heakihy ma.gy and 7.3 He in female subjects, In addition, cur
rent mechanical waveform-generating equipment senerally can-
net accurately produce wavelorms with frequency content abave
12 Hz, The accurscy mecommendavion is fess stringent for PEF
than for the FVC and FEY, (10% virsus 5%} because of the
higher within- ind between-subject variabilities associated with
PEF measurements and becauss of testing instrusnent Hmitations.
The PEF insirument precision and intra-mstrument variabitity
recornmendations are fower (3% than the aceuracy and inter
instrument variability requirements (10%) because of the need
for low mstrument variability in the routine use of PEF mecers
for serfal measurements. [naddirion, several studies have shown
PEF metars to be much more pracise than aceurate (21-23). These
recosmendations are also similar to those of the NAEF (3). The
range recommendations are made with the understanding that
PEF measurements are often made using poriable PEF marers.
With these meters, reading resohurion (number of graduations)
st e balanced against the rangs of the meter fupper and jower
meer Hodish, Therefore, differentinstrament ranges for children
ard acales are aporopriate. The rangerecommendaions for chil-
dren are not intended 1o preciude the vse of an instrument with
adult ranges if the instroment meers the resolurion requiretienty
{ease of reading) for children.

An instrument's iz span and durabiibry wre difficule to dae
wrmine and will be specific 56 an instrument, However, pora-
bie peak flowmerers are often used for axtended perinds of thne,
Therefore, the instrument manufaciurer must provide informa.
tiom on the typiead Bfe span of their instrument as well as clean-
ing and other maimtenance instractions. The package insert re.
qairements recommended by the NAEP (3) are simiiar to those
recommandad in this saement,

Recommemdation: FEFss.zom

FEF o = Mean forced expizatory flow during the middle
tialf of the FVC, Formerly called the maximal mid-expirawery
fow (MMEF), sxpressed in Hiers/second (8resh

The FEF ssone must be measured with an aceuracy of of Joust
= 5% of reading or = 0.200 L/s, whichever is greater, gver g
range of up 10 7 L5, The FEF 0 must ba measured On 2 5v3-
em thay meets dlagnosiic FYC recommmendations.

Recommendation: Flow (V)

¥ = Instantaneous forced sxpiratory flow texcept for PEF), exe
prassed in Htersssecond (s1vsh

Flow may bs measured electronically or manually from 2
flow-vstume display with adequate size for hand measuring.
Where flow=volume Joops or sther uses of flow are made, with
fhow in the range of —1410 18 L/, the fow must be measurable
1o within = 5% of reading or = 0.200 L/s. whichever is greater,

Recommendation: Forced Expiratory Time (FET3%)

FETW -= Time from 1he back-extrapolated “time 2ero” until 2
specified percentage of a maneuver’s FVC is exhaled, exprassed
in seconds. For exampie, FET95% would be the time required
1o Teach 95% of a maneuver's FVC. See AppENDix A for FET%:
examples. FETIO0 would be defined as the time required 50
reach the FVC or the time at which the volume was observed
1o e az s highest level, For manéuver quality assessment pur-
poses. the reporting of the FETS9% 124) or FET100% i3 entour
aged but not mandated, Also, the FET15-73% (mid-eepiraory
times may be a usefol indicator of diminished flow when VC i
decteased and may be Jess depandent on body or lung size than
other flow parameters {25).

Recommendation: Forced Inspiratory Vital Capacity Maneuvers
Thiese mamewvsrs ar¢ inspiratory vital capachly maneyvers per-



1114

formed with maximally forced effon from a position of may-
raad explrarion to 2 positdion of maximal inspiration. Both vodume
and {low paramersrs are measured, which roughly correspond
rercept for dirsctiont to rhiose from the FVC maneuver Volume
IMEASUIEENts are expresied in fiters (areg), flow meanurementsy
in ltersssecond {strss

Rarionale, Forced inspisatory manetvers are useful in diag-
nosing and moniloting ypper aitway obstryction, They are usu-
aliy pecformitsd either nreceding or faflowing the FYC maneuver
bt moy be performed separstely. Elderly or il patiems ofien
bares difficulty performing foroed inspiratory and expiratory
maneuvers 25 part of the same effort, Forced inspiratory maney-
virs require the use of one of the closed clrculn techniques.

For measurements of Toresd ingpiraory splrometric param-
eters diagnostic spirommerers MUt mast the cerresponding range,
aceuracy, and pracision recommendations specified for diagnesiie
spitometry systemns (Table 25

Recommendation: Maximal Voluntary Yentifatlon (MWW}

MVV = The volume of air exhaled in @ speeified pericd during
repetiive maximal respiratory efforns, expressed in lirers/minuie
oSl
When 2 spiromater fs wsed for measuring MVV. it mast have
a0 amplitpde-frequancy response that is flag within = 0% from
2era 10 4 Hz at flow raes o vpto 12145 over the wolume range.
The time for exhaled volume negration or zecording must be
no less than 13 s noy more than 15 3 (267, The indicated dme
s be sooans 1o within + 3%, The MVV must bs measured
" with anaccuracy of = 9% of reading or = 15 Lemin, whichever
5 gresier,

Cenerst Background: Spirometry Recorders/Displays

Paper secords or graphic displays of splrometry signale are rev
quireq and are used for

1. Diagnostic functioh ~ when waveforms areto be wsed for qual-
[ev control or review of the forced expiratory maneuver to de-
terinine if the maneuver was performed propetly, so that un~
accepraple mansuvers <ag be eliminated,

. Validation fenction - when waveforms afe 1o be used 1o valk
date the spirormeter syyiem hardware and software for accuracy
and reliability through the use of manual measuremenis (for
sxample, measurernent of FEV, using back extrapalation by
comparing cosiputer- and manuakly determined FEV)).

. Manual measurement funcedon — when waveforms are (o be
maaually measured for spitometric paramerers (FYC, FEV,,
ete) in the 2bsence or failure of a computsr,

Y4

[

With the continued advances in computer rechnology, there
sre-many different ways to display and record spirometric wave-
ferms, The conumities continues 1o cacourage wse of computer
wehnotopy.

Prper recorder requirements are the same regardiess of the
purpose, diagnouic, vaiidation, or maneal measaremens. (f no
paper yecorder or priater {s available, thenm proof of validution
of the accumey sod Stabilicy of the spirometer by an indepene
Hent labotarory st be provided by the manufaciurer. For these
computer mathods, any new softwarereleases rmust £lso be vali-
dared.

Recommendation: Display of VC Mareuver

Either “open” or “closed"” ¢ireult technique may be used 1o mea-
sure the VO maneuver. Although the open circuit technigqus may
e preferred because of hygiene concerns, this technique doss
a0t slow the monitoring {display) of the inhalauen e TLC sad

thegefore 15 bess than opimus. Regardiess of whether heopen
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or elesed ciro,in sechnigue Is used, 2 display of the entire VC
maneuver must b provided. The maximal sxpicatory volume
meust be assessed 1o determing whether the subject has obtafned
a plareay in the expivatory effort. Subjects with airways obstrus.
thon wsually exhibit different shaped curves 21 thie end of their
expiratory mansuver —a slope showing 1he nonhomogeneous
empiying of leng wnits. Some patients with sevare airways ob-
strwgiion are not able o rerurn to the level of FRC due o gas
trapping (see ArpEnpin A, VO maeneuvers), In addition, impor-
tant differences berwaen inspiratory (1VC) and expiratory (EV0)
mansuvers [may be observed It patients with alrways obsirue-
tign £27), For systems using a closed cireuit with carbon dioxide
abgorption, a volume-time display is needed t0 verify baseltne
end-expiratory level (Tuncdonal residual capasicy or FRC), The
graph should indicare the stzning voiume (o evaluate the correct
positioning of FRC,

Recommendation: Display of FYC Maneuver

Displays asing flow versus volume instead of volume versus time
expand the inirial porions (first -2 s} of the forced vital capac-
ity maneuver. Since this portion of the maneuver, particolarly
the peak expiratory flow, is correlated with the pleura] pressuse
during the mansuver, the Dove-volume display 15 usefi 10 assess
the magnirede of affort during the {nitial portions of the ma.
aeuver. Qverlaying & series of fow-volume curves registered at
gpparent TLC (maximal Infalation, which may not hetrue TLO)
is helpful In devecting 2 submaxinw) effort that may result in
alarge though nonreproducible FEV, a3 2 consequence of igga-
tive effort dependencs (28)

Unlikethe flow-volume curve display, display of the FVC ma-
neygver as 2 volusnewtime graph expands the wrining portions
of the mapeuver. Therefore, the volume-time display i usefnl
in assessing he duration of effor and whether & platsan is
achieved. Where spirometry may need 10 be piviewad by inde- -~
pendent agenciss, @ volume-time wacing of sufficient size allows
independent measurement and cajculation of paramerers from
the FVC maneuvers, Overtaying a series of volume-time curves
aligned at back-extrapotated time zero or How-volume surves
aligned a1 TLC is useful in evaluaing reproducibility 2nd sub-
maximal efforts. For optimal quality control, oth flow-volume
and volume-ime displays are wsefil and swrougly encouraged.
See ApPERDIX A for illustrations of volume-time and Bow.val-
ume displays.

Recormmendation: VC and FYC Mansuver Yolume
and Time Seales

Volume scale: When 3'volume-time curve s plotted or displayed,
the volume scale must e ar fgast; 10 mum/T (2188).

Time scales ar feast 2 amss; larger time scales are preferred
(at least 3 om/s) when manual measerements are 1 be made (1,
29, ). When the volume~iime plot Is used In conjunction with
& flow.salume curve (hoth display methads are provided forin-
terpretations and no hand-meastrements are performed), the time
scde requirement is reduced ro 1 emds from the usualy required
minimum of 2 om/s. This exception [s allowed because, In these
citcurmstances, the Mow-voluenes curve can provide the medns for
guality ssessment during the inftial parzion of the FYC mane-
ver, The volume=time curve can be used (o evaluate the terminal
portion of the FVC maneuver, and the time scale {5 less critical,
For display of the siow ¥C, the volume scale may also be raduced
0 I omsL and the time scale 10 0.5 coss,

Recommendation: HowVolume Curves

When a flovwe-vabime corve is plotted or displaved, sxhaled flow
must be ploteed ypwards and sxhaled volume wwardsthe righ.
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TABLE &

SN REQUARER, SCAEE FACTORS FOR TIME
YOUUME AND FLOW GRAPHICS

Eafondien
Paamaner Regited $eaie Factar
Ve S48 1 omed
Siom B L 3 mavelys
Time o [ & gy

A 21 ratio must be maintained berwees che fow and volume
scales. 2. 2 L7s of flow ang | L of exhaled volume must be
the same distances on their respective axes. The flow and volume
seales must be ot Jeest as shown in Table 4.

Rariorale. It was the comeintes’s unanimous opinton that the
previous diagnostic recorder requirements of 3 mmr/L and | omes
have proven inadequate for judging the quality of an expiratory
effort, £g.. lerminial events are not detectable (ApPENDIX A). For
certain applications (for exampie. for disability determination
and jagal casesy, diagnostic size displays are clearly mor adequate
126, 303 The U.S. Couon Dust saandard requires . . . 1racings
must be siored 2nd avatlable for recall and must be of sufficlent
siz¢ that manusl measuraments may be made , . " (1), Also,
wsers witl customarily not be able o verify accuracy and stabil-
17 of spiromerers by themsslves in the absence of an adequate
paper recording.

fecommandation: Correction to ¥798

‘This matement recommends that diagnostic spirometri¢ studies
not be conducted with ambiens temperatures less than 17° Cor
smore than 48° C. In part, the rationale for this recommendation
i¢ based on problems with finite cooling times of gases in volume-
epe snipameters (32-34) 2nd the problems of estimating vres
correstion factors for flow devices {35-37). When a subject per-

forms an FVC maneuver, the air leaving the lungs and entering .

the smirometet is at approximawly 33 10 332 C (38, 3% and s
samurated with water vapor Most volume-tvpe spirometars as-
cume instantaneous cooling of the alr as it enters the spirometst,
However. 1his is nod aiways the cass. and an ervor in FEV. can
stowr due 10 e incorreos ssssmption of insEataneous coling
of the 2k, Yor capillary and screess prsumorachomsters, the gain
is dependent on gas viscosity and increases with ingreasing 1em-
perstiare. Therefore, 2 different correction facior is needed be.
ween peilents aad 2 calibrating sytinge and betwesn inspiratory
and expRAory maneyvers. In sddition, the assumption is usu-
aliy made shat 30 cooiing of the 2ir opeurs as the air passes
shrough the flow sensor, This may nos be the case, particularly
with unheatad flow sensors {350, 1 the txoirad gas s assumed
1 b B8, an 2rror of about [% will resyle, The erdr will in-
crease B she Fow sensor s focaned fursher from the mowth and
more cooling seeurs, b addition, waser condensation within or
on the suriace of 2 flow sensor may aker itz calibration. Depend-
ing on environmental wrriperstars, the 8PS cotrection fcior may
be 28 large ey 10%. Theredore, the methad used 1o calogiate or
asrimaie the 578 Tactor can powntially mroduce significantan
rers by the application of an erronzous BTPs sorrection factor,
Changes in spivomeser temperature can be 2 source of varh
ahitity; therefore, spirometer temperature should be measured
and not assumed to be COASTARL. &ven ovir the course of 0RS test-
ing sesston, Johnson and cellezgues (40} found that if smbient
remperatine was used in BTPS correction and applied to afl macey.
vary, FEV, and FYC measererment errors of up fo 6% may oo
2ur. When using volume spirometers, they recommand that the
famperatucs of 27t isjde 1he siromater should be measured ac-
cuvately during each breaching mansuver. ’
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Recommendation {Monitering): Coresction 1o 573

For aperaung simplizity. monitoring devices mmy use ons BTPY
careection factor for 4 range of baromerric presseres falkiiuder
and enviconmental temperaiures. However, the use of a siagls
175 cotrection Tactor or direct readings at 37es dogs not eimi-
nale the reguirament to meet the ascyracy spacifications undey
27es conditions. Therefore. manufacturers must provide sppro-
priage labeling songerning the environmenta) conditions amibiant
semperatire and pressure) under which thefr device will meet the
BESUCACY Fogquiraments. I necessary or appropriate, the manyfac-
wter miay provide several 88 correction factors (o meet the ac-
curacy Fequirements over a range of snvironmental conditions
(altirede and temperaturel.

EQUIPMENT VALIDATION
Recommendation: FYC Vatidation

The diversity of FVC maneuvers eaconnrered in clinical practice
are curremly bese sionilatad by the use of the 24 standasd wave-
forms developed by Hankinson and Gardner (17, 41), These wave-
forms can be used o drive 2 computercontrolied mechanical
svringe of jty sguivalen for resting actual hardware and soft-
ware (42, 439 or they tan be put imo & system in dighd Torm
w evaluate only the software, [ s stongly secommended that
spirometry sysiems be evalusted using 2 computer-drivan me.
chanical syringe or s equivalent and that the digial formsoniy
be used for evaluating changes in softwere. AprEnpn C thows
the measured vahees for exch of the 24 standard waveforms, The
American Tharsoic Seclety alse provides thess waveforms oa
floppy disks for an 1BM-PC Approprase correstions for using
238 & ambient température and humidicy instead of nres may
need o b made for some mechanical syringe-spirometsr come
binations, b adidiion, precision crireria kave been added, and
sting of spiromerry systems using hegied and Jumidifiad tex
gas is recommended,

The accuracy validaton fnits (tolerance for simudstor sysiems
is included in these limis) for volurne are: volume (FYC, FEV,)
= L3% of reading o ¢ SO0 L, whichever is geeater; and avee
22t fow [FEF umnl = 5.5% of mading or = 0.250 LA, which-
ever it greater. The errof range is expanded {tom thesarlier ATS
spiromatry recommendation to atlow for 2rrors associated with
rechanical syringes (425, The precision velidation Hmits are; vol-
ume (FVC and FEV,) 3.3% (range percenr) or 0,100 L, whichewer
i greater dnd flow (FEFu.ua) 5.3% o 0230 L7y, whichever is
greater. Mechanica) syringes used for validation must be acturate
withdn = 6.025 L for FVC and FEV, and = 000 L4 for
FEF:M oy

Rarionale. Testing, of spirometry sysisms using heared and he-
midified test gas Tas boen added 1o the validarioy oritaria be-
vause of potential probiems associated with ares correction
£32-37). See Appesvix B for further detedls.

Rerommendatian: PEF Validation

PEF instrument designs must be validated using 2 mechanically
deiven syringe or its equivalent, using the flow-time waveforms
deseribed in Arpenont D These waveforms are available o dig-
nial mediz fram the ATS, In addkion, the mechanically driven
syringe must be validated {Appenpie B) 10 ensure thay it ac-
curately produces thesy waveforms and correspopding PERs
within = 2% of reading. The fow-time waveforms in Appev-
pIX B were choden to represenc z range of peak flows and
Now-time signals with various tmes-10-PEF {ime required o
go from 0.200 L#s to PEFY. The accusacy velidation limit for
PEFis = 12% &f readifig or = 15 L/min. whichever it greater.

L
< Ayadapie from me Amencan Thorpoc Sonety.
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The peecision {range deviations vaildauon fimik for FEF kg 6%
of 1§ Lognin, whichever Is greater,

Koponaly, The NAEP (5) recommended the use of 2 me
chanically driven syringe to test and vafidare tfie acceracy of
pezk fTow measuring insiwuments and to assess intra- ang inter
device preeision. Their recommendazions included 1he use of ATS
wavelorm J4 with various multipliers to schieve differesy PEFs.
One problam with wsing oajy waveform 34 i & laek of varigbil-
ity in the shape or sise-time i the waveforms used 1o test PEF
maters. Therafore, the use of several waveforms in the testing
and vatidation of PEF meters 1o provide a range of PEFs and
titieeto-PEF {Tise-timies) is racommended, The waveforms in Asv
pespix B are Bow-time waveforms and, therefors, the dafini-
tion of peak flow obsained from chase wavelorms is smple 1o
derfue, I addition. 3 volume-aim curve for use by the mechan-
ically driven syringecan be obiained froma fTaw-1rime curve by
smply summing the floweidme values {integrating the fow
signalk.

The sceuracy of the mechanically driven syringe for PEF
= 3% of reading, was chosen based on current technicad feash-
bility. Curpent wehnology of mechanically driven syringesisnot
sufficient o provide greater sccuracies. This is due to the dw
mamic aspect of peak flow—high freguency content and PEF
oceurs at a point in the flow-time signal where the acosleration
is changing, resuiting in potential “ossrshoot” by & muchanical
syringe In addition, insufficient data ave available conserning
the accuracy of PEF meters using waveforms with higher fre-
Quency contenl (shorter times-to-PEF). Additional detaiisd n-
formalicn congetning spirometer testing procedures is contained
n Appesmicss B, C, and D,

‘

Recommendation: MVV Validation .

When tasted with a pump producing a sinusoidsl waveforn:, the
accuracy validaion limits of the spirometer used for MVV for
flows up to 250 LAmin, produced with swoke volumesuprol k.
are = [3.5% of reading or = 20 L/tnin, whichever is greater.
Daring she testing, the pressure at the moughplece must not ex-
ceed = Hrom H,0 For volume spirometers. these raguiiements
appiy throughout theiy volume range.

QUALITY CONTROL

Routing equipment preventive maintenance —cleaning, catibra-
riom checks, verification, and quality conivol s ¢ssential to as-
sure acourAle SpiTometry results (44). A spirometry procedurs
manual it 30 imporane base for a quality assurance program.
The manusl should coneain a quality contral plan, guidelines
for ovdermg spizometry, guidelines for performing spiromerry,
wnd guidalines for eparting spirometry resufts, See the docu-
men, A7 Quallty Assuranes for Pulmonary Laboratories,” for
more details BHL

tecommendation: Techaician’s Rele iy Quality Controf

Qualty contzot I impomant 10 ensure that the faboratory s con-
sisterstly meeting spptopriuse standards, o any quality contzal
Progratm, AN HIpoTtan; elament is 8 procedures manual CoARIR-
ing: calibration procedures, test parformance procedures, calou-
lations. criteria, referenge vales SOurcs, and action 1o o taktn
when “panic” values are phserved. A norebook shouid be main-
wined that documents dajly instniment caifbration & well as
problems encountersd wigh the system, torrective action required,
and system hardware and softwars upgrades. Records of dnom-
alows avents involving either patientsssubjaes or the technigian
shotld he documented, with the resalts of subsequent svalua.
ton and responses 1o the event. The technician should alse main-
rab vecords of continuing edusanon and the results of evalua.

tiow end feedback provided by (he medical direstor, Perhaps the'
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oSt imporiant component in succrssful spiromarey is a weil-
motivated. enthusiastic (ochnician. A seeent study has clesdly
demensirated the importance of a quality control program with
fradback o techaicians in oblaining adsquate spiromes # results
18}, & quallty corerol program thas continuonsly moaitors tech
nictan performasce is critical o the collection of high-guality
spirometry data, Feedback w the rechnicians concerning their
perfarmance should be provided on 4 routine basis. This feed-
back should include, at a minimum: { } information coneerning
the nature aad sxent of unacceprable FYC manenvers and nen-
renroductble wesin (2} corrective action the techrician can mke
to briprove the quality and number of acceptabie maneuvers; and
33 secogniion for superior performance by the technician in ob-
taining good meneuvers from challenging patients/subjects,

Manufacturers are encouraged o inchude quality conerof aids
i theie software packages for splromerers. For example, a cali-
Bration logging prograny may be providsd that sidres the e
znd resuits of routine datly calibration checks. Additionalty, the
program couid issue a warning if an asceptable daily catibratton
check has oot been performed.

Recommendation: Hygiene and Infection Controt

This section has been reviewed by the Microbioiogy Assembix,

The major goal of infection control is {o prevent infection
uransmission 1o patients/subjects and staff during pulmonary
function westing. Two mejor types of infestion transmission are:

L Dirvecr contact; There is posential for cransmission of upper
respiratory disease, enteric infections, and blocd-bome -
festions threugh direct contaer. Although heparits and HiV
contagion are solikely via saliva, this is 2 possibility when
thers are open sores gn the oral mucosa, bleeding gums, or
emoptysis. The most Hkely surfacesfor contact are mouth-
pisces and the insmediate proximal surfaces of valves or tubing,

2. Inclirect conoace: There is poventisl for rransmission of tuber-
culosts, various virgd infections, and, possibly, epportenistc

infections and nosocomial preumonia through 2erosol drop-
lews, The most likely surfaces for possible contamination by
this rous afe mouthpleces and proximal valves and tubing.

Preveation

L. Prevention of isfection transmission to technicians expased
w comaminated spiromater surfaces ¢an be accomplished
throagh proper hand washing or use of barrier davices (fatex
ghovess, To avoid technician exposure and crosscontamination,
hands sheuld be washed immediately after direct handling
of mouthpieses, webing, breathing vabess, or inserior sprom-
st surfeses. Gloves should be worn when handling poten.
tadly contaminziad equipment if there Sre any open cuis of
sotes on techmisians’ hands, Hand washing should 2lways be
performed bevwesn patiemts, Indications and techriques for
hend washing during puimenary function tstng fravé been
reviewed by Tablan and coworkers (453,

2. To avoid cross<contaminaiion, reusadie mowthpieces, breath-
ing tubes, vaives, and manifolds should be disinfected or sl
lizad reguiarly, Mouthpieces, nose ciips, and any other equip-
ment coring Inta direct contact with mucasal surfacss should
badisinfected, sterilized. or discarded {i.e. disposabie mouth-
peces, nose clips, erc) after sach use. The optimal frexuuncy
for disiafestion or srerillzation of tubing, valves, or manifolds
b not been emablished. MHowever, any equipsseint supface
with visible condensation from expited ait should be disin-
fecsad o srerilized Befors reuse. Since the use of cold sterili-
ing agants I5 noc withous risk, laboratory staff should ke
care to follow &l manufacture's reommendations regard-
ing proper handling of these producs.

3, Bepween subiects, spirometers gsing the closed circult tech-
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nigue should be flushed 2t kast five tmes over the entire voi-
wime rangr 16 faciiheee clearancs of droplet muslel. Alse, the
reahing i 3nd outiiplecs should be decontaminated be-
tween pauents, When thé open girouit iechique s used, only
that portiem of the cireult shrough which rebreacking ooous
needs \o be decontaminated berwern patients. For sxample,
when 3 pneumotachomener systers: i used, either Buspirsion
froem the devics should be avoided o7 the rasistive slement and
tubing should be decontaminated between subjects. A dispos-
able sensor is another alisrnative, When an open cifvuis tech-
aigue is used Tor measurement of only the forced exhalation,
without inspiration from the measuring system (6ither voluttie-
or fow-type spiromezars), only the mouthpiéce needs (o be
changed o deconsaminatdd bepween subjects.
it should be noted thet disassembling. clezning, and/or sen-

sor repiacement reuires Tecalibration, I patients do not inspire
shrough the device, thare is the disadvanage thay test acespts-
Bility muy be move difficult 1o essess in the absence of an in-
spiratory tracing. O the oiber hand, disassembly, cleaning, or
sensot replacersent haythe disadvantage that recalibration is re-
quired, Ahefnatively. in-ling fifrers may be effective in prevent-
ing eqiipment contamination (443 However, if an in-ling $lrer
iy usad, the measuring systern should meer the aynimal recom.
mendations for range, acourady, fow resistance. and back pres
sure with the &lter instalied. Thenflusnce of commercially swail-
able -t fHhees on forced expivstory measured, such asthe FVC
and FEV,, has pot been well chaspcerized.

4, Insertings where mubsronlosis or ether diseases spread by drop-
Lot nuctel are Hkely 10 be encoungersd, propey attention (o en.
virpnmmental eogineering conrrols. such a5 ventiiagion, air g
tion, or uitravisker deconzmdnarion of air shouid be used
1 prevent dissase trasseission,

5. Specizt precgutions should be raken when testing patiens with
hemoptysis, open sores of: the oral mucshsa, o blending gurs.
Tubing andd breathing vaives should ve decontaminatad be.
fors rpuse and Internal spirometer surinees should be decon.
wminared with sceepted disinfactants for blood-transmissible
agenes.

4, Exira pracautions may be underesken for patients with Xeown
transmissible infections diseases. Possible procaudons inchude:
(a} Reserving equipment for the sole purpose of testing (-
Focted patientss (5} resting pationys ot the ond of the div 1o
allew time for spixomerer disassembly and disinfrcton: and
{¢) testing patsats in their own room of in rocms with sde-
guate ventilation and easily cleaned surfaces,

. inthe zbsence of svidence for infeeton wansmission during
pulmonaty fumcton festing, the regiiar use of feline fihays
is riot mendated when the precautions described above are
Tollowsd, However, some spiromettic equipment, particularly
those incorperated in multh-purpose 1esing systems, smploy
valve mansfoids that are sicomied proXimal 1o breaching mbes,
These valving arrangements provide internal surfaces o which
deposition of expired aerosol augles is likely, Given theircom-
pladkiy, they may be difficult 10 disassemble and disinfect ba-
{wean subjects. To the exient that in-line filters have bésy
shown 1o remove microotzanisms from the expiratory air
siraary and thus prevent their deposidon. presumably as s¢ro-
sol nuclel on spiromeser Surfaces (46), their use nidy 8¢ indi-
cated in this setting. The economy of using in-line filiers com-
pared with subing 2nd valve changes depends on the PFT
equipment in wse The exrent 1o which measures such as fax-
Imurn expiratory {low or other ingntaneous flows are in-
fuenced by the use of in-line filters is undocumented, One
wwudy tras shown that 2 low inmpeedance barrier device did not
have o significans impacs on sptrometric indices. sugh 38 the
foroed vital capachy and the FEV, (37} I an in-line filer
is used during spirometry, ierpretation of spirametric ingic
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ces other than FVC and FEV, {eg., PEF) should aliow for
the pessibility that the filter might affeet spiremetat perfor-
midnce. The mechanical characteristics of the combined meas-
uring device and filer should mee the minimal recommen-
davions outlined in Table 1. Furthermore, i in-line filters are
wsed, B is recommended that equipmant be calibrered with
the filrer Instalied, The use of in-Hne filters does ror efim-
sate the need for regulur cleaning and deconamination of
sgirometric eguipment.

& Manufaevurers of splromesric equipment are encourzged ©
design Instrurnentation that can e easily disassembled for
disinfection.

Rotionaie, Spirometric squipmren: has not boen dirscthy im-
plicated in the transmission of infections, although there is i
direct evidence of infection transmlssion during pdmonary fung-
tion testing (PFT). Organisms from the respizarary iraer of st
supjects can be recovered [rom PET mouthpieses and from the
proxirmal surfaces of rubing through which the subjecss breathe
48, 49). There is one case report of a tuberculosis skin-test con-
version after exposure 10 a spiromeret used 10 1St 2 patient with
documented. subercwiosts (30, Likewise, there s tircumstanial
svidercs that comaminated PFT equipment may be implicated
in the increasing pravalence of Pseudamones infections among
cystic fibrosts patients a7 one center (51), There 15 somme svidence
that pneumotschometsr-tased sysems are less susceptible 10 bac.
terial coptaminaton than water-sealed spirometers (52). Finalty,
it is well dovumented that community hospital water suppiies
<an be conmminated with Mycobacteria and Pseudomanas geru-
sinosy exganisms (33553, Thus, the powntial exisis for both pa-
tients/subjects and health care workers 1o deposit microorgan-
isms onto spirometer surfaces (jaciuding mouchipistes, noseclips,
aubing, and any bparmal of external maechine surface), which could
subseuentiy come into direct or indinect contach with other pa-
tisnts, This dosy nol seents to pose an appreciable threat o pa-
ents/subiects with comperent mmune sysrems.

it hads been argued that immunocompromised patients may
eequire only & refazively small Infective dose of either opporturis-
tie grganisms or common pathogens, Concertis for the protee-
tionof Swnunocompromised hosts, alorg with increased public
and provider awareness of hospitat infection contro! fssues over
the past dscade, has lad many laboratory directors 1o use in-line
filters rousioely as & means of reassuring patients and labora-
wory persontel that sdequas consideration has been given to pro-
wetion. There is mo direct evidence thal routine spiromatry sesr-
g pesses an increased risk of infection 10 immunccompromised
patfents.

fecommendation: Equipment Quaiity Contred

Tiee recommendations that foliow are orimarily almed ai diag-
nostie devices,

Arention ro good squipment quality control and calibration
iz an imporant part of good labotatery praciice. Log books of
exlibration reaules must be mainudned. Documentation of repairs
or other aherations that remen the eguipment 10 2teptable oper-
arion nesd 1o be maintained. Daise of coenpetar software and
hardware updates or changss must siso be maimained,

Fofume, The spiromere’s ability 1 sottcaely messure vob
urne rrast be checked oy easr dally with a cafibrated syrings with
x volurne of at least 3 L. During indusizial surveys o other studies
in which 2 large number of subjec maneuvers ace done, the squip-
ment's calibration must be checked daily, befors testing, and ev
ery 4 h during s (44). In circurastances whers the i peraturs
is changing (e.g., field studies), more frequent temperature cor.
rections may be needed, Although there Is minima) day-ta-day
sariation in volume calibration, daily calibration checking is
tHghly recommended so that the onset of 3 problem czn be de-
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wrmnned within | day, siindaating needless reporting of fabse
values Tor several weeks of months and 2550 1o helip define daw
weday faboratory vaslaniiity, It is recommended thas the cali
Bration syringe be gorsd and used in such a way a5 10 mainiin
the exac wraperaturs and humidity of the esting sie Thists
best aecomplished by keeping the syringe in close proximdiy 1o
the spiromeret. i thé case of flow-typs spiromersts where ¢ vol-
ume s¥tinge it used vo check the instrument, volume calibration
checks wsing different fow rates are recommended, Az losst three
srials where the flow rates ase varied Detwess Zand 121 /s us
be parformed {3-L injection times of approximately | 5. 85, 3nd
somsewhers in between 2 and 6 sk

Syringe Aceuracy. The syringe used to check the volume edli-
barion of spirometers must Rave ap acouracy of at feast 15 mi
or #f sast (.5% of full scale (15 md for 3 3-L syrings), and the
manufacrurer must provide recommendations congerning 8ppro-
priate syringe calflration intervals. [ the syringe has an adjustable
variable stop, the syrings may be out of calibration if the stop
is reser, Calibration syringss should be leak tested periodically
by trying 1w empty them with the outlet corked. .

Leak Tesr. Volumetric spiromeser systems must b evaluaied
fior beaks on 4 daily basis (13, 381, The lnrermounmin Thosck
Sociery Manual {15} suggess that léaks can be dersorzd by ap-
plying 3 vosstant positive pressure of 3 om H0 or more with
the spirometer outiet occlided, Ady observad volumechange of

greater than 10 mi after | min is indicative of & Jeak (IS and
needs Lo be corrsctad. .

~Linegricy. Al least quarterly, volume spirometery mast have
their calibration checked over their entire volume range fin bL
increments) using a caffbrased syringe £42) or an equivalem vob-
ume standard, Flow spirometers must have their incarity deter-
mined a7 feasr weekly 2nd given the cument sofiwars capabils-
tiss. aily Enearity checks are reasopable. Flow spirometer lineariy
vz be rhecked by infecting the volume from 3 3-L swinge with
severad different flows. The linearity check is considered 2ccept-
ahie if the spirometer mesls the volume accuracy requirements
for afl flows and/or volumes tested.

Time, Assessing mechanical recorder time scaie accuracy with
3 stopwaich must be performed ar leass quarerly, An docurscy
of within 1% must be achieved. If equipmem is changad or telg-
sared feg., industrial surveys), calibration checks and quality con-
1l progediess st berepeated befors [njtiating further testing.

PEF Marers, $ines it is difficult 1o perform a calibration chesk
of portable peak flow monitoring meters, it is particutarly im-
partent that the instructions from the manufactoret indlods in-
farmation coneerning rvpical instrument lifetimes and methods
of recognizing whien 25 instromen s malfunctioning.

Other Cualtey Assurange Procedurss, [n agdition 1o calibra-
tion with phwvsical suandards, (e practice of wsing laboraory per-
sennel a5 “known wiiecss™ and performing Intralaboratory and
sneriaborsory estng s reconumended (44}, The ATS has pub-
fished guidelines Tor quality assurance in pulmonary function
laboratories (483, which tan be comsalted for specific detalis.

The use of computers o analyze spirometry has acoslermied
in the past 10 v, and this mond i advanmageous to olfteds ac-
surate spirometry (0. 301 However, sesting of commercialfy avall-
anle spirometers consistendly shows that 2 major soues of e
1568 is In computer software (42). Bacause of the ncreased use
of computers it puimonary Jaboratoriss and the problems 25
socisted with them (42, 5T). the ATS has published computer
guideiines for pulmonary laboratories (58}, whick should be fol
fowed. Computer sofiware must adhere [0 ATS recommenda-
ons, especially procedural recomimendations, concained in this
siaterment, Becaues of the tremendous lmprovement int the power
and speed 0f compurers and thelr Suensive use in hospicals and
clinics, manufacnueers should stiemnpt 16 integrate computers into
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their spirometry systems. Primary data should be available, ai
towing independent manipularion of uncorrcted values by the
user, Listings or descriptions of ATS algorithms should be avail-
able (a0 of tes1, back-exirapolation, el In addition, some pro-
gram flexibility should be avaiiable to the user, for example.
sliowing user selection of approprinte referense souations. in-
duding the use of user-derived reference equations.

MANEUVER PERFORMANCE RECOMMENDATIONS
Parsonnel Qualifications

The ATH has made recommendations for labotatoty persontel
conduedng peimonry fuscdon wests (39), High schao! tralning
wasrerommended, by addition, the ATS encoursged but did not
mandate ong or mors years of college or equivalent (raining and
‘2 girong beckground in mmthematics. For pulmonary function
iabnratoriss, 6-mo oF supsrvised training time it recommended
for eondugiing spiromerry. [Froubieshooting is w be g parv of
the laboratory wchnician's responstbility, a taining period of
1 ¥r i recommended, The &AT¥ tecomimends that the medical
directors ovunt Bave appropriaze tradning and be responsibie for
all pubmonary fusction esting (801

For industrial/occupational resting, there are zraining require.
ments manduted by the Navonal frstitute for Occupational Safsty
nd Health (MEOSH), industry, snd the ACCP (16, 31, 68). Sev-
eral excellent vaining pranuals have been prepared for perfor-
mance of splromatry (15, 16, 31, 62, £3), NIQSH approves the
conent of spiromerry waining courses under the U8 Cotton Dust
Srandard {16).

Recommendation VC-Siblect Instruction and
Maneuver Perfotiniance

The VC maneuver may be considersd elther ac an inspiratory
vita capacity (IVC), where tiie subject inhabas completsly from
a position of fuil expiration, o 2s an expiratory vital capaciiy
{EVC), where the subject exhales complerely from a position of
Full inspiration. In addition. sevaral spirometer setapsare possi-
bie using sither open or ciosed circuit rechiniques with or with-
ouf pebreathing,

1. Aclosed clrenit teehnique withour CQ, absorption {ie., using
arolling-sealed or water-seafed splrometer] may be used, Sub-
Jjects may aleo rebreathe feos the spirometer cireuis. Rebreath.
ing is praferable bocause it zllows rechaiciang 1 berter grong-
tor theamive vital capacity maneuver, [n che absence of CO,
absorption and the addithon of supplemental oxyeen, the ma-
newver should be brief = fewer tidal voluwnes Sefors and after
the VC magegver,

. Aclosed circuit technigue with CO: abserption and the addi-
Gon of supplemental oxygan may bs used, This sysiem allows

o~

192


http:mantu,.er
http:addtti.cr
http:ternperan:.re

amercan Tharacic Soclety

the supject to rebreathe for 2 longer peciod of tirve and estad-
iish a petter FRC bassline. However, i raquires precse ieplace-
ment of pxyzen 19 avoid shifting the bassiine
. A modified closed ehreuit technigue de., flow-sensor-based
systamns where the subject can breathe in2nd oul through the
seresor withows che meed for CO; absorption) may be wed.
4 Arcpen tirom techaigue where the subjects may inhale come
plerely before inserting the mouthpiees and expiaiing imo Gie
spivometer mav be used. This may be preferable when bvgiene
IORLSINY BT Dresant.

b

For zH systems, it s importan to instruct the subisg i te
VC maneyver and demonstrate the approptisie technique i s
importznt that subjects oaderstand they mist completely {1 and
empty their fungs.

Standard Procedure Gpen Circtér Techeigue, The subject i
hales maximalty, inserts the meuthpiecs just past hig/her fram
teath, seals his/her lips around the moutipiecs and blows siowiy
and svenly until 3 clear plateay is sen it matimal sxhalation
of unti] end-6f-test criteria (ses sections on FYC and end-ofvest
criterial are met. The technician must observe the subjec's i
haiatjon 10 ensure that It is complare and that air i§ not exhaled
while 1he moutkpicde is being inserted. During the exhalation,
the technician should mondor the spiromeier volume-time dis-
miay to eosure that 3 selatively consiant expirziory flow and an
adequate epd-expiratory plateau is achieved (see APPENDIX A
for exampies of the VO maneuver),

Cigsed Circuit Technigues. The following procedure should
he ysad when testing is conducted withour CC, absorption
{limited oxygen reserve available for est performance), A two-
way valve may be usefil, allowing the imida ddal volumes o
e performed with toom air before the subjedt is connected 10
the spirometer. The test s begun with quiet breathing, prefeca-
iy with the subject brearhing toor air. No more than five tidal
vojumes should be recorded with the subject rebreathing from
1he spirometer. The subject shouwld then perform the YC maneu-
ver deseribed below, When CO, ebsorption Is 2ot used. retgrm«
ing o FRC after the VC maneuver foliowed by three tidal volumes
mav be helpful but is not required,

The following procedure should be used when testing is con-
ducted with CO; absorption and oxygen supplementation, The
w3t is begun with quiet breathing. Several idal velomes should
ne recorded (minimum of five ot until a stable end-expitaiory
teved is observed). The subject should then perfotm the VC ma-
neuver described below. The end of st is ceached when the sub-
iect rerarns 1o the level of FRC and performs at jezst thee mote
udal volumes,

For both procedures, the mansuver is not forced: it is per-
formed in 3 ielaxed manner with the subject using a mowthpiees
and 2 aose ¢hip. The YO maneuver is composed of the subject
sxhaiing corspletely to residual volume (RY), 2nd completely in-
haling 1o weal lung capacity {TLC), and thes exhaling t resid-
yal volume azmin. The technician should sncourage the sublect
ta reach maximal inhabed and sxhaled volumes with a relatively
constan Now. Techafcians shovld ohserve thesubitct to b oer-
an Blsshar tps are seaded, thar nothing obstrucis the mouh
pizce, that no jeaks accur. and that TLC and RV aze meached.
The 1echnician should check the volume display o onsuce wha-
tively linear inspiratory and xpiratory volume curves and ade-
quate maximal ingpizatory and sxpiratory fovel piaeaus, Qxy-
gen should be added to the circuil 1o precisely counterbalance
the ahsorption of COu

For ali izchniques, & minimum of two acoeptable YC maneu-
vers should be obtained, with a maximum of four auempis. The
fargest VO should Sereporied. Some investizators have raporied
that the VU is dlightly begher than the FYC in normal sabjects (64
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Recommendatiore FYC-Subject Instruttion and

Maneuver Ferforiance

{nstruct the subject i the FVC manegver. The rechnician should
demonstrate the appropriate iechnigue {Table 83, Have the sul-
Ject infeale from FRC and then, if using the open circuis mathod,
insert the breaching tebe into s/ her mouth, making sure his/hey
Hps are sealed around the mouthpicce, and begin the FVC ma-
neyver with minizaal hesitation (651, It is imperative that the sab-
jeet have a complete inhalation before beginaing the forted .
halation. Promp: the subjeet v “bhast,” not just “blow,” the air
from their lungs: then continue to encourage himsher to fully
exhale Throughout the maneyver, enthusiastically couch the sub-
Ject by word and body langusge Tt is particularly belpful to ab-
serve the subiecy and the chart recorder o7 computer display dur-
ing the testto betler etsare madinad effort, Perform s munimum
of three acceptable FYC mancuvers, 1 a subjeer shows large vari-
ability (FVC and/or FEV,} between axpicatory mansuvers (> 0.2
L}, reproducibility sriteria may require that sp o but usualiy
no more than sighs maneuvers be prrformed. Volume-sime or
flow-volume curves from the best three FYC maneuvers must
e ratained. See Figure 3 and the section on acceprability and
reproducibility for further clarification. )

Recommendation (Monitoring): PEF-Subifect (rstruction
ard Test Performance

Since PEF is both effort- and volume-dependent, maximum sub-
iect cooperation is ssseniial. Since an optimal peak {low s usu-
ally reached in about one-tenth of a second, patients must be
encouraged to perform the expiratory mansuver as vigorouosly
a3 possible. The subject should not cough and a profonged ax.
Faladon is gnnecsssary (1 1o T 5 is adequate).

When Implementing snobserved selfadministered PEF mea-
surements, i i essential thar

1. The subject should be taugis how 10 use the prak flow meter
properly by someons skilied with the procedure. Trained per-
sonnel should observe the siidject’s performance both initiatly
and on repeat visits,

2. The subject should be taught hiow and when to record PEF
measurements, along with other pertinent eforsmation, such
a8 Symploms,

3. The supiect should be instructed abour what action 1o take
i€ PEF falls,
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Figure 3. Flow-chart diagram of FYC spiremetry tesiing.

Recommindation: sycqsalis!auoq Start-of-Test Criteria

To achieve accurate ime 2ero” and ensure thar the FEV domes
from a wmaximal effort curve, the exwrapolated volume must be
[ess than 5% of (ke FYC or 015 L, whichever s greater. See Fige
ura 2 for an example and explanaticn of back exyrapolation, In
she example shown, the extrapolated volume is 016 L or &%,
[n general, pack-2xtrzpolalad volume should be measyred on 2ay
carve with a parseptibibe extrapolited volume Provisions for mped
computerized feedback 1o 1he technician when thege criteria are
not met are encoumged.
The commniter discassed the possible use of tmeso-PEF a8
# meature of the subject’s performance sarly i the FVC manen.
ver, However, the commities felg shere were insufficilen: data on
witich (0 base g slear recommendation, and sdditona] research
i5 needied, Whers conducting researcls On 38sessment of the sub.
Jeets’ correct performancs of FYC mansiivars, investigstors are
sncouraged 10 measure the tise-1o-PEF or rsestizoe of peak flow
in addition o other yusliny avsessment parameters. The siss-time
of peak fow is defined 4 Uie ime pgubred for expirmory fow
1o rige feotn 509 10 90 of the mansuver's peak flow. Although
gseof other magsarer of soeprebls ¢l forts have been daseribed
and gy beusefud {8, 661, they srenot reormended s this time
Rationote, & very show seant with # loéw peak flow will result
it 3 geeater than abiowsble exyapoiated volume (Figure 1) (1,
§7T4%. 0 attdition, the FEV, from a subroaximal effort can be
wihier smalier than those o¥tained when a maximal effort is per~
fotined berause ihe subject fails (o teach 2 maximal TEC, arlarger
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TABLL 7
PERFORIMANCE OF PEAK FLOW MANEUVER
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due 1o [ess dynamic compresslon of airways in subjects whers
zirways are relatively more coHapsible. Recent experience in lacge
epidemiologic swudies (8) suggests that use of time-to-PEF and
PEF reproducibility may minimize most of these problems in
the majority of subjects. However, at this time, it is 1ot revom-
mendad that mansuvets be slistinated decause of a Jow PEF or
PEF rise-time, but only because of an extassively large extrapo-
lated volume,

Recommendation: Fv(~Minimum Exhalation Time

4, minimum echalstion timeof 83 fheagh of maximum expira-
tory effort), unless thare is an obvions plateas in the volume-time
cuzve dispiay, i reqdired to abesin maximal FVC rasslis, Theee
dre instances (s.g., the wesing of children, young aduls, sad seme
rastricied patiente) where shoresr exhalation dmes are soreptable.

Recommendation: FvlEnd.ofTest Criteria

To obtain an opiimel sffort, itis nportant that sudjects bever-
bially exhorned to conrinas 1o exhale air &t the end of the manen-
ez, End-of-te criteriy are wsed (o Mendfy 4 reasonable FVC
effor, Recommended sud-ofiest oriterin aze: )

L The subjecr canmor or should tot comtinug Tucther axhuda-
tign. Althoagh subjects should b engounaged 1o achtiove their
roaximad effors, chey should be allowed 1o werminate the me-
neuver on thelr own a1 any tine, esproially i they azs oo
periencing disceafort. The technician should alse be dert o
any indicetion the pademt Is sxperiencing discomfort hosl
shouhd wrminane the test if 3 patient is bedoming wicome
forable

oxr

L The volume-time curve shows an ohvious platay, This
criterion is based onno change in volume for ar feasr | safter
an exfelation time of af Jeast 65 (10 s s optimal), “No change
in volume” is defimed a8 the minimal detectable volume of
the spirometer. To meer ATS orizeria, the minimal detsezable
velume {or spirometars must be 0.030 L or Jas,

e

Sk

. The forced exhalation is of reasonable duration, For patients
with airways obstruction or older subjects, exhalation times
longer than 6 s are frequenly needed (o reach 2 platean, Many
would not reach 4 plateay even with a 20.5 exhalation, How-
ever, exhalation times greater than 55 will rarely change clin-
ical decisions. Multipie projonged exhalmions Gonger chan
£ g)-ars seldom Justifted and may caust Hghtheadednes, syn~
cope, undue fatigus, and vrecessary discomfore. Insuth pa-
tiemts, & show or unforced VE maneuver (previgusly desoribed)
may provids § more sppropriste denominator for catenfation

194


http:diseomfan.Jn
http:t>NI"'l<Y<.It
http:67-69l.In
http:Rationa.fe
http:corr.m.it

Amenten Thoradis Socety

of the FEV.2 08, Manufacturers shouid nowe thay saveral
of the 24 1236 wavelorms have durations loager than 20 s

Achieving an end-ofast eriterion is one measuse of maney-
ver acceplability. Maneuvers that do pot meet an end-of-test
crinerion should aet be used w sacisfy the requirement of three
acceptable mansuvers. However, early termization is not by it-
seif 4 feason © ehminate o mansuver from further considers-
tion. information such as FEV, and FEV, may be valid {depend-
ing on the lengih of exhaladon) and shouid be reported from
these early termipated maneyvers. When the subject does not
axhalecompistely, the volume sceumulated over 3 shoreer period
of dme{eg. 4 53 may be used as an approximate surrogate for
FVL, 1o such cases, the volume fabel should reflect the shorter
exhatation tme (eg. FEV, for a 45 exhalation).

Recormmendation: VT and FYC-Marimum Number of Manguvers

Alghough thers may be some circurastances in which more than
sight comsacutive FYC maneuvars may be needed, sight maneu-
wers is considered a practical upper Hmit for most subjects, Af
1er seversl forced sxpiratory mansuvers, fazigue beging ro take
its wli on subjects, and thus on their spiromettic pararmesys,
so additional maneuvers would be of linie added value Inaddi-
tion, some subjects with asthma rmay exbibit spirometry-induged
broncitespam. Ferris and assockates (70} and Kanner and cob-
leagues (71} have reporied that for adults and children, eight
maneuvers 1§ 4 practical upper limit For VC, four is considered
2 praciical upper limit. Because of the potential for museniar
fatigue and volume hisiory effacts, it is preferable that VC masen-
vets b performea before FYC mancuvers.

Recornmendation {Manitoring): PEF-Numbrer of Trials
The subiect mug perform and record @ minimum of three trials.

Recommerdation: VC and FVC—Environmmental Conditions

Spiremetric wsting with ambient temperatures ess than 17°C
of more than 40° C may pose problenis. Ambient temperature
must adways be recorded and reported to an ascuracy of = 1°C
Irshuations where the ambient air temperature is changng rap-
igly £ 3° € i less than 30 mind, continuous temperature cor-
sections should be made. Spirometer users shobld be aware of
the problems with testing done ax hwsr temperatures, which in
some subjectd can cause airflow limiation. Due to other wechne-
cai feasons, 17° C 45 judged 10 be an accepnable and reasonabie
torver limin £32-38, 72) {or ambient wmperature, Ranges of f baro~
meiric pressutes that are acceprable for the spirometer must be
published by the manufacturer.

Razionale, There Is evidence that some subjects may develop
airflow limitation with the inhalation of very cold air. There-

. fore, spirdmeiry should not beconducted when the ambign weine
perature is cold engugh to indues airfiow limitation.

Srudies 2150 pownt out the probiem of finite cooling times of
gases in vohumedype spirometers and sheir associated mbing
t"’ -353 when Brps correction teciiniqués usually assume mswzi
1zneous cooling, In one of these studies, i was found thata 7.7
to 4% error in FEV, results if the volume-type splrometer it
at an ambient wmperature of 3* C and the standard 8TPs correc-
tion is used, This error is less if the spitometer is warmer {nearer
body temperatuze’ (333 Asa resuls, [7° € was judged wbean
acceptable and reasonable lower limir,

Complaxities refated 10 temperature are also encountered with
flow-measuring devices (34-38). Adr exhaled from the mouth s
esumated 1o be 33 to 35% € (35, 38, 39). Il any connecting tubing
is used bepween the movthpiece and the flow seasor, the exhaled
gas will experience 2 variableamount of cooling if the room wme
peratsse is not at approximately 33° C. Dewils of the cooling
patern for many sypes of flow spirameters have 0ot been stad-

1956
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ied, bur they may result i errors similer to these for volume
devices 134~38),

Because not ail spiromeners ace used at sen level {3lood pres-
sure = =60 mm Hg), the range of paromerric pressuses aliowed
by the spirometer and its assocfared compuiationad squipmens
must be specified by the manufacruzern

Recommerdation: VQ and F¥l~Use of Nose Clips

1n enost people, not weatlng nose clips does not appreciably in-
fluence the FYC when using the opst siealr achnigue. How
£ver, sotne people breathe through the nose andg the use of nose
clips is encouraged, especiaily when perforiming a slow ¥C ma-
neaver, Nose clips must deused if 2 cloged chroalt technigue with

- carbon dloxide absorpsion 5 used.

kecommendation: ¥ and FYC—Sitting Yarsus Standing

Testing may be done either in the sitiing of standing position,
tndication: of position is neeessary on the report {1, 730 The stang-
ing position may nar be sppropriate in some circemstances, such
at in hospitals where many patients may not be able 1o tolerase
the standing position, sspecially whet mazking forced maneu-
vars, The selection of the positdon for testiag Is, (herefore, an
individual one IF the stending position 15 used, an sppropriaely
shaped chair should be piaced behind the paiieat/subjeq so
heishe can be quickly and easily eased into a sining position if
he/she becomes light-headed durineg the mansuver.

Rarignale, Studies by Townsend show that for adults ther
mstgnii‘man‘[y larger FEVS in the sianding position than in the
s:mng position (T3} The sarlier ATS recomunendstion indcars
ehar in children, VC is grester when standiag (i

Recomrmendation (Maﬁtzeﬂng} PEF-Nuse Clips
aud Subjact Position

Nose ¢lips are not necessagy when using PEF meiers. Although
tha test ¢aN be conduct#d whils sitting, the nanding posidon is
preferved.

Rutionafe, Becanse the PEF s dependens on 2 complate in-
haladon and an exhalation with maximal force, the standing po-
sition is preferced.

Bronchodifaror Jeseng, Splrometry is often performed be
fore snd after inhimlation of bronchiodilators cor lronchoconsuis
tors) from a metersd dose inbaler (MDD} or nebualizers, Althougn
specific recommendations are beyond the scope of this document,
it shoutd be remembersd that this is 2 comples procedurs, Faev
tors that can significently affect a patient’s response inclade: (13
activity, dose. and alrway deposicion of the medication: {2) re-
cent prior medicaton; (31 tming of the pesimedication maney-
war: {4} choics and variability of the measurement used (o detect
a responses and {5} the method of calculiting the magnitude of
change after administéring the bronchodiiatorn

MEASUREMENT FROCEDURES
Measurement

Spiromenric variables sitould be measured frows a series of at least
three aoceprable forced expiratory surves

fecomunandation: VC and FYCwTest Result Selection/Regorting
af Resulty

The largest VC should be repomed from all acceptable corves,
including the forced maneuvers {FVC). The largest F¥Cand the
jargest FEV, {a7ps) shouid be revnrded after examining thedus
from all of the aceeptable curves, sven if they do not come fvm
the same curve. Other measuzes, such 35 the FEFy.ne snd the
instantasteous sxpitatory Jows. should be ohtained from he sin-
glecurve (L, 2, 153 that meets the accepuabibiy criteria and gives
the largest sum of FVE plus FEV, (best gen), -
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Recommendation (Mondtoringl: PEF=Test ResuityReporting
of Rexdings

Alibough al! readings aze recorded. the highest teading at any
testing session emmimum of e frials) should be used in trend
enafvsis. Al readings are recorded to allow the comparison of
the teials o evaluste reproducibiilty and to detect possible
mantuver-induced bronchospasm.

Ratiorale, Staoethe PEF is effor-depetsdent. the highest teads
ing shiould be used. Thic is consistent with the current recoim-
mended selection method for FVC and TEV,.

ACCEPTABILITY AND REFPROCUCIBILITY

Retommaendation: ¥C and FYC-Manewver Agteptabitity

For FYC measarements, accepiability must be determined by
ascertaining that the repmmendations outined previousty inche
section on performing the FVC test are met. APPENDIX A on-
tains exampies of unacceptabls volime-time and correspond-
ing flowwvolume curves. [ review, thess accepability critaria are;
{Fr satisfactory stareof-test; U2) mindmam FYC sxhalation time
of 6 5; and {3 end-of-test criteria. Tn addition. the technician
shouid observe thar the subjectunderstood the instructions and
performied the manever with 2 maximum inspiraton, with 2
good srar, with 2 smrooth continuous exbialdtion, with maximal
effore, and withour

1. Anunsatisfactory start of expiration, charactarized by exces-
" sive hesitation, false s, or exirapotated volume of greater
than 5% of FNC or 05 L, whichever is greater (Figuee 2).

2, Coughing during she first second of the maneuver thertby
affecting themeasured FEV, value, or anv other cough that,
iy the techniciun's judemeny, interferes with measurement of

‘gepurate results (APPENDIX A, Figures ZA and 2B).

. Early weeminarion of axpiraton. A plateay in the volume-tme
cupveshouid be observed, as defined by no change in volume
foor 3¢ Jeast 1 8 of a feasonabie expiratory time In 4 normal
voung skirect this would be befors completion nf the breath -
usnatfly less than & &5 maneuver. In an obswrucied or older
nealihy subjest, # longer expiratory time is required 10 teach
2 plaeau {d, 74, 78 (ApPENDIX A, Figures 34 and 3B). How-
sver, pudripie prolonged exhaldcions {longer than 6 s} are sel-
dom justified.

%5, Vaisaiva maneuver {gloteis closured or hesitation doring the
mapeuver that causes 2 cossaton of alrflow (Arpewdix A,
Figures 44 apd 48).

L A Jeak (ApreNnix A, Figures 5A and 3B

Anabstructed mowhpicce feg., obstruction dus 10 the tokgue

beg placed in front of the mouthpiece or false teeth falling

i front of the mouthpieoel

o

3

o'

For VO measurements, 23 of the above requirements should
e met with the excemtion of thost refated 1o the forced nature
of the effort. In addivion, phteaut in the volumetime display
should be reached at bogh the maximal inspirstory and expra-
tory volurmes.

C‘ompum--base:i sestems thar provide feedback 10 the tech.
nician when the ahove conditions are notmes are desirable. The
reporiing format should include qualifiers indicating the acoE
ability of zach maneuves. However, it cannot be overzmphastzed
shat faifurs 1o meer these griteria does not necassarily invalidae
the manzver, 008 for some subjects this is their best perfor-
mnge, Further, sush maneuvers should be retained, sincs these

. razneuvers mav contadn oseful informarion.

A flow chan oudining hiow acosptabilivy and eeproducibiliy

criteria age to e applied i shown in Figure 4.
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Recummméa-ﬁon WE and FYC~Teadt Besull Raproducibility

Asz goal during tet result performance, the largest FVC for
¥ and second largest FVC (or VO frotn sccptable maney-
VRIS St nort vary by more than 0.2 L. In addition for foroed
axhaladons, the largsst FEV, and the second laresst FEV, must
not vary by mere than 0.2 L. The 0.2 L reproducibifity celiaria
are & chamge from the ATS 1987 Spiromensy Suzsstent and dre
{ntended to provide an stual assersment of test reprodueibitity
independent of lung siee. However, these cricetia are only goals
during dais collection: tharsfore; an bnmediate changs in spicom-
etry data collection software is not warranted.

The reprodusibifity criceria are used at 3 guide 1o whether more
tan thres sceepralle FYC manetvers are needed: these ¢riteriz
are podto b used for excluding results from tepors or for -

cluding subjects from 2 study, Lahchn; resnits 33 baing derived
frdm data that do not conform i¢ the reproductbility erfreria
yratd abiows iy encouraged (espesially wihven the dsta segpest that
bronchospasm was triggered by the FYC maneuver, o sddition,
the reproducibiliey ariteria are minfmuam sequirements and many
subjects should be able to provide FYC und FEV, reproducibil-
ity seell below 0.2 L. The acceprability erlrerie must be applisd
before the reproducibiiity eriteria (Figure 3%, Unarceprable maneu-
vers Rt be distarded beforeapplying the reproducinility triteria.

The only criterion for unacespiable sidbiect performance is
fawer than two ageeptable corves. No spirogram should he re-
Jected solely on the basis of 118 paor reproducibility. Reproduci-
bility of rastrlis should be considersd at the time of imerpresa.
ton, Use of dawa from manetvers with pooy reprodueibility is
left to the discretion of the interpreter. In addition. use of dazz
{rom unzccepable maneuvers due 10 {zilure to meet the end-of.
lest requirasmients is Jeft 1o the discretion of the interpreter,

Ratlenaty. Several epidemiotogic studies (61-69) have showe
that the elinynation of data from subjects who fall 10 mee: the
ATS reprodusivilizy eriteria may restir in 3 population has by
excluding datz from subjeeis who have sbpormal lung funsilon.
Pennock ol collesgues (76) have reporied thal subtjects with ob-
struction have greater eoefficients of variztion than do normal
subjects. Therefors, these subjects are more Hkely to be unable
{0 meet the ATS migimum teprodusibility criteria. The repredu
cibifity critaria have been simplified 10 eliminate confusion, If
aceepabilicy criteriz are ot applicd before the reproducititity
criteria, a passive sxaletion maneuver will often be jabeled az
the best test mandyver becanse it may give the [argest sum of
FVC and FEV,.

The cakulation of the FYC and FEV, reproducibility presents
ne probiem for 2 computer: however, the need for rapid deter
mination of FEY, duriag the testing session presents & ecog-
nized logistics problem i results are hand-measured and caleu-
lated. Changing 1 0.2-1, criterion does simpdify this caioudation.

Changing the reproducibility criteria 10 2 minimars value of
0:2-1, 3 based on evidance that within subfect variabitity of F¥C
and FEV, {s a6t dependent on bodv size The use of & 3% or
W0%kerd ericecion has been shown to vesult in more individuals
of shore stature being classified as nonreproducible in congesst,
#02-L fxed volume critetion provides & commensurable fovel
of difficulty for all subjects, regardless of ags or heighn {lung
vestume) (77). Regardiess of the reproducibifity ariterion for FVC
or FEV,, it should be used 35 2 goal during daga eoflsetion. There-
fore, continued use of the previous eriterds (5% or 0 L.
whichever is grearer) during 2 interim pariod should have litsle
practical impact on spirometry ey

Recommendation; PEF.Manguver Acceplability

and Reprodutibility

PEF values for sach manenver must be recorded in the order
in wiich they pecus, This information will be useful in detecting
possible test (maneuveriinduced bronchospasms.
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ACCEFTABILITY AND REPRODUGENITY CRIFERIA SUMMARY
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Rurionale, Unlike the FEV, obtained from routine spirome-
1oy, PEF measurements are more variable, and the measurement
{s often conducted {n patients with high varfatility in their PEE
Although there may be some benefit from using PEF reproduch
batisy 10 improve 4 subject effort, no spacifie reprodugibility
criterion is recommended ab this e

REFERENCE VALUES, INTERPRETATION STANDARDIZATION,
AN CLINECAL ASSESSMENT

Clmbeat/Epidemiologic Considerations

Whether the spirogram results ar2 (o be used for climical o
spideminiogic purposes, the following recommendations apply.

Since the tast standards were Issued ine 1987, & detailed nates
ment on selection of refecence valyes and interpretation of hang
finerion sty has been published (3% The interpresation of
spirpmatry weolves twa tasks: {1) The classificstion of the de-
rived vaiues withh respect 10 a reference popuiation and assess-
ment of i celinbiity of the dawa: and {2) The lntegeation of
the spitometric values inko the disgnosis, therapy, and prognosis
for an mdivizual patiem. The firsciask is ordinarily the respon.
nbility of the laboratory divector or a designee 2pd serves not
only 1o comounicase information 16 referving health care pro-
viders but also 1s zn important 2spen of laboratory quality con-
srol. The second task is ordinarily the responsikility of the phy-
sigian requesting the studies and & performed within the context
of patisnt care

11 s the responsibility of the madical diresior to develog ex-
ikl proceduces for interpresation of spiromenty and 1 select
appropriste reference values. The procadures for frterprazation
and reference values may legitimately vary from lshorstory 1o
{zhoratory denending upon geograpbic losazion and the came-
terdstics of the popithation being tested. 1n 2 sexting whare large
numbers of heaithy individuals are being screened for abnormal-
ttv and the prevalence of diseass is fow, It is appropriate 1© st
the thrsshold for abnormalicy a3 highet kel than in a setting
whicrs most individusls sre referred because of symploms or dis-
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*123
s [ ine mnver cast, whers the prevaience of dissase is high.
B pprepnae standard wold be set 1o 2 more seasizive thresh-
oid for abnormatity, The luterpretanve sirategy should slso take
into consideration e consequences of [2lse-positive and false-
negative errors. Aczordingly. no spestic puidelings for interprota-
e procedures 4rd recommmendad (hat would be applicable ©
all laborateries. Motz mportaat, however. i3 thal there be a cop-
sistent approach tothe ntérprewstion of king function tests within
2 single laboratory, Therefors. referring physicians will notinfer
# chatige I the condidon of the pagient from a changs in in-
rerprenanion when jt 15 che resuls of o change in the approsch of
ihe inserpreting physiclan.
ta providing the rererring physician with an erpretation of
spirometry sesults. itls also impottant 1o comment on deviarions
af the dusa Trom che guidelines for sceeprability and reprodusi-
ility set forth berein, Although a spirometry session mav not
mest zlf of the guidatines, it may provide important chinical in-
formation and skould be reported with appropriste quealifics-
ton, Although some individeals display negative effort depen-
dence, submaximal efforss useally lead 10 undensstimazion of
the maximal effors valuss (28) Subeptimal eiiorts may be ade-
quate 1o 258 clnical decisions. where it can be judged that the
recorded values prderestimate srue lung funcuion,

Agknowiedy - Thie {7 thariks thae wha have provsded ingul t
s DGATE 5 e Standardizaborof Sprgrmatry, SHRCRLINANKS 30 (9 e onyina
parut hants of the Bigats erkeson; whiose viiued ol was sought snd ute.

Ertemot revewary: Soot T Webs, 8.0 M3, Qary & Epter, MO, ano jaemeg
2 Hansen, MLD.

AFPENDIX A
Sample Spirograms

The sample spirograms showe in this appendix are from acrual
individuals and represent 3 fow Hlustranions of agcepuable and
unasoeptable manewvers. K is imperasive that the technician ad-
ministering the test be capable of recognizing these 2nomalies
and 1zke appropriae eofrective action — proper coaching. Dur-
ing the interpreatian process, the reviewss may decide 16 include
3 maneyver that may have been considered unaccaptable durag
rest performance. As with the reproducibility ernieria, some jugg-
ment MUsL De Made concerning what is an unacceptable mansu-
ver. This decision wifl be based on the numbar of qurves avall-
ahie, the disgase pattern observed or expected for the individual,
ste. However, the wechinician 'sacvion taken during 1be dara ol
tection stage of che process should almaost shways be to obrain
sdditional maneuwers combined with effective coaching of the
individoal,

Figures Ala and Alb are velume-ime zad corresponding
{low-volume sampies that are acceptabie spirograms from the draft
NIOSH spiromerry manual (78), In these spirograms, the in-
dividual exhibited 2 maximal ¢ffort o7 the eniire maneuver. ex-
Faling for at leass 6 ¢ with a greater than | $ plateau in the vois
wme-time corve, Figore Alz Glustrates the refative expansion of
the Jast portion of the FYC mansuver associated with a voi-
dme-time curve display, In conwrast, Figure Alb filusteates the
refative éxpansion of the initial portion of the FVC manenver
associated with a flow-volume curve dispiay. Nodce in the
flow-volume curve (Figare Alb) it is more difficuly w-derermine
that the individual produced an acceptable piateau than in the
volutne-tine curve display,

Flgurss Als and A2 flusirate an unacceptable spirogram
duetoa cough during the fixst second of exhalation. Notice that
the cough, which oéeurs & approximately 3.0 to 3.5 L, is very
appatent in the flovevolime cures but is more difficuit o detect
if the volume-time curve. The anomalies seen in tie volume-tne
cueve at approximanely 5.0 and £.3 T, could be slight coughs or
vaniable effort, but occurred after the firs senond of exhalacion.
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Acceptable Spirogram

Voluine {L}

6.0 25 4.0 6.0 820 188
Time (s}

Figure ATa.  Awcertabie volume-time splrogram.
b
1908 -
Acceptable Spirogram

84 -

6.0 -

Fiow (Ls}

Q.0 ¢

.0 1.8 2L 3L 40 .23
Yolume (L)

Figure Alb.  Acceptable flow-volume spiragram.

Although the fluctuations in flow observed i the Boweval-
ume carve in Figies AZb are reasonably largs. they may notre-
sult i 2 significantly different FEV.. Therefore, the FEV, from
thefs curve may be valld, pattisutariy i all ciber curves 27¢ tnac.
wepiable Regardiess, when the technician obszrves the spirograms
i Figures Ala and A2b, additional maseuvers shouid be ob-
sined From the individual,

Figures Ads and Adb illuserste 2n umaceeptable spirogram
dustc avartable effort or cough during the first second of exba-
lation and early termination of the mansuver, The anomaly ob-

sepved at 1 L of exhalation Is sppgren on both the volume-time

and fowsvolume suras,

The duraden of the snomaly and tha fact that the flow im-
mediasely following the apomaly does not exceed the axpested
fow-voiume envelops suggest that the anemaly i & vaiation
meifon instead of a cough. The carly termination is Jass appar
ent on the Howsvolunmie curve. However, on the volugie-Ume
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Volume (L}

0.0 20 40 8.0 8.0
Time (8}

Figure A0, Yaolume-lme spirogram with & cough dyring 1ne first
second of exhalation,

b
126

Cough

1o -

Flow {Lis}
&
L=

one second

\y

9.0

f0 10 b 30 48 50 S0
Yolume {L}

Figire A2, Flow-voiume spirogram with 3 cough during the first
secong of exhaation,

cutve, it i apparent that the individual failed to exhale for 65
and thare is oo b plateau of the valume«time curve,

Figurss Ada znd Adb illustrace unacceptable sample spiro-
grams due 0 & abrupe wermination of fow at the end of the
maneuver, possibly tie result of the individual closing his/her
ghottis. Noties i Figure Ada that the volume~time curve pla-
teau occurs abruptly ot spproximately 2.2 5 where the volume
remalns constant for the remainder of the mansuver. B Figure
Aedl, the Row-volume curve exhibits an sbrupt decrease in flow
& the end of the maneuver,

Figures ASa and ASh iHustrate unactsptable sample spire-
grams due 1o 2 leak in the volume-type splrometsr or spirometer
hose. This leak 15 approximaraly 30 miss and produces an ap-
proximats J00-ml foss i voberme over the 6-s exhalation produced
by this lndividual, Noties thar the leak Is vary apparent on (e

- volume-time curve and perhaps less apparent on the fow-sol-

ume surves & the ead of the maneuver when 1he leak is most
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Variable Effort

4n - Early Termination
das-
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El
g 2.0 -

1.0 -
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Time i}

rsgueé Ada. Unacceptable volurme-time spisogram due to variable
effort and early 1erminaton,

b

0.0 -
Variable Effort
840 - Earty Termination
7 50 -
2
3
T 40 -
2.0 -
0.0
0.0 1.0 20 34 4.0 50
Volume {L}

. Figure A3b, Unsceeptable flow-volume spirogram due to vatiable
eltorz a0 gany wrminanon,

apparéni, the Now is slighuy negative and volume s decreasing
t3ee insers i Figure A3k, shor line moving to ehe left below the
zere Flow lined, 1F 2 spirometry system display does not display
negative dlows, then thi leak would be even less apparent on the
{Tove=volume curve,

Figures Afg and Agh (lhisrate acceptable sample spitograms
{or ap individeal wah mild slrwaysobsiruction {FEV /EVCR =
3%}, Notice the relatively small change in vohume afier 105
of exhalation (Figure Ata) and the comesponding relative low
flow (Figure A6D) at the end of the maneuver.

In addition to requiring (hree acceptable manguvers, the
reproducibility eriteria for FVC and FEV, should bt met as s
goal during test performance, Figure ATa illustrates the vol-
utne-iime curve ang Figure A7h the commesponding How-volume
wuree for a 23-vrold, heaithy female. In chese figures, the sub-
ject did not raeet the minimum reproducibility criveria for both
the FVC and FEV, despite performing three acceprable marfeus
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Figure Ado, Unatceptable volume-time sprrogram due m possiis
gtond closure.

b

10.0 -
Glottis Closure .
8.0 -
g s0- T
H
c 40-
20 W/'
’
0.0
0.0 1.0 20 1L 4.0 5.0
Voluma L)

Figure A4b. Unatceptanle fow-volume spirogram due 1o possibie
qlatlis Gosure. .

vers, The second largest FVC was 0,43 L (10%) lower than the
largest, and the second lzrpest FEV, was 037 L-(121%) lower
than the larges; FEV,. Therefore, a1 least one additional ma-
seaver should be performed by this subject inan dnempt 1o et
the F¥Cand FEV, reproductbility stiteria. The most Hiely cause
of this pattern (nonreproducible tracings but good iritfal effort
is a failure to achisve 2 maximal inhatation before performing
the FVC maneaver,

Figuzes Afa and Adb illustrase 2 reproducible sest with three
acceptable maneuvers, Figure Ada displavs the three acceptzble
volume-time curves, snd Figure ASb displays the correspond-
ing Dow.volume ciurves. These maseuvers were obtained from
an 30-yr-old male with an FEV,/FVC% = §1.7%, Notice thar
Ui curves are very reproducible sven though the subject required
approxiznately 20 5 1o rsch his final volume or FVC,

Figure A% shows 3 sample YC maneuver fof 1 normal sube
ject, This subject stams the test with severad tidil volumees through
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Fgues ASe. Unacceptable voluma-time sowrogram cue o a lsak.
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Figure A3h. Unacceguable flow-volume fpisagram due 1o 4 Tesk,

& vaijve opened 10 T00m air fo bédeme accustomed to breathing
on 1he mouthpiecs. The subjacris then conmectad to the spirum
2w, where several additional tidal volumes are recorded. The
subject then completely inhalés o total ung capaciey (TLC Y and
siowly exhales 1o cesidual volume (RYY, making sure w-compleeely
inhale t6 TLC and exhale o BY, After teaching RY, the subjest
revarns (o FRC, where severad tidal volumes e agaln obained
before the subject comes off the mouthpiece Notice the plateags
at TLC and RY, indicating thar che subject has completely in-
haied and sxhaled.

Figurs Al shows 3 sample VC maneuver for 2 subject with
severe airweys obstruction. The idenccal mansuver for the nor-
mal sublect shown in Figure A9 & cepeated for this subject with
sovere airways obstruction, However, the tidal volumes of the
swbfecy with severs airways obstruction are much morerapid and

1he subject requirss a longer exhalnion time o reach RY, 5 long
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Figure ASa. Acceplable volume.timi spitograsm for an ndividual with
mifd airways ohsTrycon.
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Figure A6b. Acceptable Sow-voluros spirogram for an individual with
mild afrways obstrection, :

as 2§ 5, Notice that zs whii the normal subject, 3 plateau in the
volutiie-time curve is obsained at both TLC and RV, This adi-
cases that the subject bas complately inhated and exhaled. Aiso
notice that the sabiest has some difficulty in obtalning a stable

FRE aifter the YO meneuver, probably dus (0 gas trapping.

APPENDIX B
Spirometsr Testing Cuidelines

Thee followdng resting guidelines should be used when evaluating
sew splrometer designs and whan changss have beer made 10
spiromerer hardware or softwaze. For production westing, the use
of o smatier set of test waveforms may be appropriate. The
spiremeter selected for testing should be 2 “production” model
and not one thar was specifically selected because of any pxurmor
dinary calibrarion efforts. Onee tasting has begun, the devictbe
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Figure A7q. Nonregmoducite test with thres acceptatle volume-yme
curves, Percents are difference from fargest vakue,

b
10.0
Mon-Reproducibie Test
* 3 Acceptable Maneuvers
8.0 - r
3 .
3 6.0
3
2
z 40
2.0
0.0
0.9 1.l 20 3.0 4.0 50
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Figure A7b, Nonteprodutitle tast with these aceplable fow-vod-
Gee Curves,

ing wasted should not receive any adjusiments or spacial calibra.
tion procedures that ave pot patt of #ts couting operational
rrocedures.

Yolume parameters should be validated using the 24 volume-
ime standard waveforms described in Appexnre C. For PEF and
asher fow parameters aot based on & percentage of the FVC,
the 26 fow-time standard wavefbrons should be used {Appanmrx
£33, The vaiidation limits dre provided for zach parsmeter inthe
main sectfony of this starement. All tests should be conducted
using the approptiste waveforms and a computer-controlisd me.
charical syrings or i3 equivalent {waveform generitor), The se-
curaey of the wavsform generator should be checked ar feast daily
when in use, ¢ither usng & spirometer for volute waveforms
ar a preemetachompetsr for flow waveforms, or an squivalent
method, The desired socuracy of the waveform genecator for vol-
ume pammeters is = 0.8% gor o GRS L, whichever is greaterk
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6.0 - Reproducible Test
3 Accaptable Maneuvers
58 - :
4.0

Molume {L)
L3
-]

2.0 Curve FVG %) FEVI (%)
” ¥ OBIE(I%) 3.30(0%)
Bz B33{0%) 1.28(0%)

#3 530(0%) 3.29(0%)

¢ 2 4 B 8§ 10 12 14 16 18 W
Thne (%)

Figure Ao, Reproducible test with thret acieptabie voiume~time
furegs, Perceaty are gifference from lrgest value.

2.8 -

Raproducible Test

100 - 3 Acceptable Maneuvers

3 1 z 4 5 €

3
Volume (L}
Fgure A8, Reproduaible test with three aicaplabie flow—volume
runes.

= 2% {or = 5 Lrmin, whichever is grearen) for fow parameters
{&2., PEP). In comparing results obrained from a particulae
spirometer, the toierance fmits of the waveform generator are
o be cousidéred by adding them to the accuracy requirstnent
for the paremeter yrider test, for example 0.5% {= 0.03 L) for
volume parameters and 2% (= 5 L/mind for flow paramerers,
Therefore, the FYC accuracy requirement for comparisons with
observed values would be = 3.5% (performiance acouracy mguine.
meme * 3% plus waveform generator acentacy of = 0.5%),
The acouracy and precision validation limits contained in this
section assume a waveform generator accuracy of 0.5% for vob-
wme and 1% for flow parameters, The acouracy of svailable weee.
[otm generators has not been sstablished; therefore, the desired
1% waveform generator aecuracy for fiow paramests may not
be achieved, In Lhis circumstance, the acrial acourazy limi of
the waveform generaror should beadded to the accuracy require-
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Volurne {L)

10 20 3G a0
. Time Geconds)

Figute AR, Sample eelexsd VO maneuver In a ngrmal sub-,éa,

mens of Che parameter ander test, Every attempt should be made
t¢ improve the accuracy of waveform simulators, but in no case
shonld rhe simulator gecuracy Hmi be congidered less than Q5%
for volume #nd 2% for flow parameters.

Sefromedes o peak flow meters should be connasted 1 1he
wavzformn panersior in 1he same orientation used in the testing
of subjects. Tubing or othér donnecting material may be used.
bue the valume associaied with the connecting rubiog should e
tess than 300 ml, For kandheld devices, full westing should be
cppducted with the sengor fn a horlzonwal position (the typical
pesition witl the patierdt 3t TLC about 1o initiate the maney-
serk. In additdon. nandhekd devices should be rosted with swg
waveforms rgndard volume-time waveforms | and §yata pvpi-
b FRC povigion Unstrumem at a 30° angie down fram korizon-

taih These devicgs cust mest dlagnostc spiromeer accuracy
critest for theve two wavelorms i the 30° down-angle position.

The imscruments (diagnostic or monizoring devices) thonid
e euted using the wavelorm generator under conditions similar
wrihose present when testing human subjects. No special proce-
dures shouid by fodlowed in jesting the nsrument, Specitically,
saon waveform will be injected into the instrument withisn not
less than £ § 0r more than | min of the insmrument being set o
the ready condition. ln measuring the resistance of the instru-
ment. pressure should be measured in the side of the standard
mouziipieos wsed by the instrumen? when constant fows dre in-
jected o the spirometer. IF 3n in-iine filter i io be used 35 pan
of routitie testing of Wusnans, a fillsr mest be attached during
spirometer validation and resistance testing,

Five repeats of sach of the 3¢ wavefoyms should be infemed
into the test instrument using room air ar ambient Inperature
ln those circumstances where the flow or volume sensor ig
changsd berween subiects {&.5., Zsposable flow sensor), a differ
et sensor should be used for sach of the ropear tests. The aver-
ageof the five repeat vatuss should be used for comparison-with
the standard vaiues, The range and percent deviations of valuzs
fram she fve epeated teats should also be computed by:
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Vedume (L)

-

Ry

10 20 30 40
Time (seconds)

Figure ATY. Saenple VI manauver from a sublect with severs ainways
aBstrucTion. '

Range = maximum —~ minimum (B3
Range (%) = 100 o (BSMOM - mivimemy gy
averags
Deviation = aveage ~ standard B3}
Deviation (%) = 100 « AVEERE ~ seandard) (B4
standard

Averages are calculated as a simyple n weighred average

The Gve repeats of 24 waveforms shovid be considered arigid
tesiing sequence The testing of 3 device should be completad
by running all 24 waveforms with five repassed tasts, | che de-
vige fails 10 accurately theasure a vatue for 3 particeiar wave-
form. no additional repeats should e conducred for only ome
waveform.

Dizgnostic deviess should alse be ested by injecting at lease
four waveforms using beatsd and husmidified air feaveforms |
thirough 4) 1o vertfy accuracy of wohume parametsrs wnder Brps
conditions. Using vohume-time waveforms 1 thaougly 4, the av-
exige FVC and FEV, of thres rials shaifl be compared 10the stan-
dard values. The validation mits for tasting undet 5795 condi-
tions are * 4,5% or J0O mi, whichever is greater. Splrometers
rriost mmeet these secyiracy oriteria for al] four waveformy under
a1ps conditions. Using 4.5% allows 4 1.5% simulator ertor, neces-
sary because of the added uncertainty when using heated and
humidifted air, The thne betwseneach of thethree wrials shouid
be lses than I min. The cerperature of the air injecied into the
dewice under test should be within = 1° Cof 377 C and shouid
be measured beforethe 2ir is injected into the device Wivatorm
generators. are being modified 10 allow BYPs testing. The Bres
testing requitemont will be implemenied when 7e3 testing 3¢t~
vieey are available

in sddition 1o tesung using the waveform generatar, the de-
vice should be tested using ac feast 1wo healthy human sabpects
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TABLE 81

STROKE VOLUME, VOLUME IN SPIROMETER AT STARY
OF TEST [FOR VOLUME SPIRGMETERS) RATE,
ANl CORRESFONDING MW TARGEY YALUES

Tyl Targer WY Grroie Volumie Rxte Hartreg Volime
Sympet ! Lomeny L13] b H e K T Ity
' & 14 L4 0
H {od t@ il 0
3 i 248 & 3o
# ] EX:] W 14

The purposs of 1he testing using 2 buman subject is to verify
shat the Instrument will funcrion properly under conditions other
than those present using & mechanical simulator, To achieve 2
palamced design, sach subject should perforer algrnating maneu-
vers betwesn 2 standard spirometer and the device being tesisd,
performing three mansuvers on each device, for 4 ozl of six
mazeuvers, One subjest should be randomly assigned 1w perform
their first maneuver on the standard spirorerer while the other
subject’s first maneyver will be performed an the device being
tested, alfowing the learning affect (o be eqjualiv- distributed acrass
both inssrumints. The diffarences betwean the kargast of the three
trigls from eack device shoald be within = 6% ot 200 mj,
whichever is greater, for FVC and FEV,, and = 15% or 30 L/mun,
whichever is gesater, for PEF.

For validating MYV, & mechanicat pump should be uged with
astnusoidal wavelform. The response of the device should be dee
wrmined using incrementaliy inctzased fows vp o @ maximun
of 250 L/min. praduced with siroke volumes up o 2 L. Thespe.
cific mitimum paterns and for volume spirometers, the velume
jo the spiromerer. are given fn Table Bl. The dévice shouid read
the MVY within = i0.5% of reading or + 20 L /min, whichever
is greater for all fourtest patterns speciffed in Table BL In addi-
tion. (he pressure mezsured 2t the mouthpiece showld net oo
ceed 10 em H,O during the entire MYV mageuver, No mechani
cal purop (esting at 87TPs is pequired Tor MVY,

CIAGNOSTIC DEVICES: TESTING FOR ACCURACY AND
PRECISION WITH A WAVEFORM GENERATOR

accuracy Testing

Aceuracy criteriar Deviation = 1.5% of : 0500 L. whichever
is greater. for:volume measurements; = 5.5% or = 0.258 Lss,
whichever is grearer. for FEFy e = 1"% or = X Lemtin(z
0420 L 5, whichever is greatet, for PEF, Thess eriteria are in-
sreased slightly-from those in Table 210 account for the waves
form generaor inscouracy. For MYV testing, deviation must be
iess than = 10.8% or 20 L/min, whighever i5 greater.
Waveforms: Twenty-Tour standard volume-titne waveforms
(Aspsnoix € for FVC, FEY,, and FEF s.e: 26 standard
Flome-time waseforms (Arpenow D) for PEF. For 57ps testing,
\olame-dime wiveforms | thoough 4 should beused with heated
and humidified ir as speetfied in this appendix. For MYV test.
mg. sinuscidal savefurms should be used with the panerns speci-
fied in Table BL
Spiromensy tested: Oné producton spivumeter, Spirometers
snouid o be sersened or especially cafibirated bafore tesng.
(f am in-Hog {iter 15 to be used during the testng of humans,
it should be auached for this westing. When during clinical st
ing, if the flow br volume sensor i changed | berween subjests.
the sensors must be changed for sach of the flve repeat tests de-
saribed below. The spirometer may not be recatibrated sfter these
sersor changes unbess recalibration is required after each senser
shaage during clinical 1esting.
vglidation: Each spiromatric waveform is 10 be Injected ime
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thespirometer (g times, MYV patterns will be injesied in dupii-
cate. Average values wili be caloutated for sach waveiorm and.
alome with individual values, will be used 10 3cot¢ the sprrome-
ter. See Tormulas Bi-B4.

Apceprable performance; For FVC and FEV, in each of the
vabume-time waveforms: deviadon (formula B3 musy b less
tan 0100 L or deviaion (%) (Formyula Be) fnust be less chan
3.5%. For FEFu.ue int 2ach of the vohuma-time waveforms
deviation must be fags than §.250 L/ or devistion {%) mast he
lass than 5.5%, Fer PET in each of the flowstime waveforms:
deviation must be less than 23 Lomis (0420 L/s} or deviaion
(%) must be fess than 12%. For 3Tee testing using waveforms
1-4: deviation must be fess than 0.2 L or deviation (%) must
be less tham 4.5%. For MVV In each of the patterns: deviation
s, be fess than 20 L muin or deviztion (%) must be §css than
10.5%.

Af error occurs whet both deviation (formuia BY) and devi-
ation (%) (formula B4) exceed their specified limits. For testing
with ambient ain acesplabie performande is present if the error
rage for each individual parameser (FVC, FEV,, FEFuum,
PEF}ix less thun 3% {one error for each parameter when 24 or
78 waveforms are used), For MYV resung and spirometric @st-
fng with wres conditions, acceptable performance is present if
the graor rame is a0

Precision Testing: intradevice Testing

Pretision critetia; See the accepiable performance criveria ljsied
bk,

Waveforms: Use data generated as part of accuracy testing.
Agceprable performancer For FVC and FEV,, {or cach of the
volume-time waveforms: The rangs (formula B1) must be tess
than 0100 L or mage (%) (formula B2Y must be less than 3 5%,
For FEF pns uing each of the volume-time waveforms: The
range fformula Biymust be less than 0.250 Lis or the range (%)
{formala B2y must e less than 3.3%, For PEF using each of
the How-time waveforms: The tange must be fess than 25 Lemin
{0.420 L5} or the mange (%) must be lesy than %,

A ertor ozeurs when bosh range {formula Bhy and cange (%o}
{formuiz B2} exceed their specified limits, Acceptable pafor-
mance by present if the error rate foreach individual paramerer
EFVCLFEV, PEF) isless than 3% (one error for ¢ach paramets:
iff 24 or 26 waveforms are usedh

MONITORING REVICES (PEF) TESTING CRITERIA

The range and devintions from the standard PEF values should
Ise cafcelated using formuias Bl through B4,

Acguracy Testing

Accuracy criterions = 12% or = 25 L/min of arge values
whichaver is farger. The primary criterion s = 0% 2% is added
w account or the inaccuracy of the waveform generator.

Waveforms: 26 flow-time curers (Aprexnix D),

Maers tested: Twe production meters. Meters should be
selected routingly from a praduction run and not be wresned
befors validatlon wstng.

Validation: Bach meier wili receive [five muaneuvers for each
of the 26 waveforms. An average for cack waveform will be cal-
culated and used to score that merer against the sccuracy crueria,

Accrprabie performance; An srror ogours when both devia-
sion tformulz BY) and deviation (%) (formuta B4} excead their
specified Tmits, Acceptable performance is less than three er
rory out of the tonad 52 tests (26 waveforms, 2 mettrsh,

Precision Testing: [atradevice Testing

Criterigny Less e 6% intradevice variabitiey or 13 Lomin, which-
gver is greater. The primary criterion is tess than 3%, One per
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TABLE Y
VALUES FOR STANDARD WAVEFORME
T R FEVY Vst Rk Yfoge PV

LT €SI 1o R T T 1 o SR 147 51 (%3]

% 44006 4282 g 04343 3.% b497 R s

b3 #EF SS24 9LS Gl 54 2877 5,683

1 3498 1 8e .2 G4 Tuk £ 350 3868

[ R T P U T N - 1,131 w3 2942 X5

3 5152 ladd L D087 i 7.53% L

& A0t 3O FLE ol 34 te SO8F 255

7 T16% 1513 2 534 192 4750 HisE

3 1i9E t448 gL 4158 ra A% TLES?

4 £.83¢ 377 az 0.203 4.3 2 3365
o 3843 0% 8 .78k 53 550 1.B%9
11 2733 1818 e62 0.022 63 508 [hs ]
32 e s F I 2 818 2084 3.7 o 1733
11 4398 3B B3 DAL 54 §u iart
14 1048 1053 6 &338 2 4. 368 i A22)
1% 5937 5304 893 o080 1.3 1132 452
3 335 ).B%6 TE4 it 18 2% 2892
7 5833 1.3%7 4.5 fiteas it 3287 L1}
13 4343 3185 ns G0 B ¥ 3% 2338
3 3938 a8y 3.8 Leb o HE| 5408 [ 3 14
kg rLEB 56 Eh 2] R4 14 3842 T585
b 4477 B4R TRE Qa0 23 5.398 3368
2 5.83F 2803 irg BLAE oy 558 L
23 T4tg 1360 e ;225 XY 2558 253t
24 1237 a8z S [sX+5 by R I £, 1 a.roE

Dedinatopn 2l SUDIOISTTAE VER * STAROHRIED volume (e Fguse 7 or qesmdion)

TARLE

cent or § Lomin is added 1o sccount for the imprecision of the
waveiorm genstaton

Waveforms: Four of the 26 sandard fow-time waveforms
(wavefotms L. 4, §, and 25).

Meeers wesied: Ten produciion meiers

Validation: Thrae Nlows for sach waveform for esch meter.
For each waveform and for each mser, caloulfats range (formuia
BI} and range (%) (formuia BZ) for 2ach PEF,

Acoeptable parformance: Az srtor otours when borh range
{formula Bl) and range (%) (formula B2) exceed their specified
limits, Acceprable performante is six of fewer atrors {erormie =
5% for 120 tiais)

Preciston Tasting: loterdevice Variability

Criterion Less than H% inerdevice varabiliy ot 25 Limin,
whtichever is greater, This includes 1% o 5 L/min forthe impre-
clgion of the waveforin gensrator, :

Waveforms: Same as for intradavice testing.

Meters tested: Same a5 for intradevice testing,

Validarion: Same data as for imradevies wsiing. Interdevice
mercentzge is caloulaled a5 follows: for such merer, caleulate an
average PEF for each waveform, For.zach waveform, combine
il data from the 10 meters to caleuiats range (formula Bl) and
range (%) (formula B2) for each of the four waveforms,

Acceptable performance: An error ocours when both range
tformula B1) and mumge (%} {formula B2} excend their specified
Jimits, Acceptable performance is present if there are no errors.

o

CALCULATED VALUES POR 26 STANDARD FLOW.TIME
. WAVERQRMS (00075 SAMPLING INTERVALY®

Vast Frow
Flow Vobdd Sobal} Rlgae Tigriae Titnae fatt
Wavelorm £33 I3 25 Time” [ER 3 1 PeE ot wea e
By {t48 [V {1 (ms} (it ] ) i) (8
d 7,885 j#.23 7337 13 4.8 i 0.108 Ly o 138
H 100 2905 WA 557 %1 864 .093 22 L3
3, +.7%4 [ e 4830 353 i sk 0.954 33 ft 74
i L £ L £58 3 65,6 1163 005 9 1,604
3 1830 e T4 HE e e i g &.08 34 453
4 J.088 LA 28949 4.5 368 2T 0.021 ~3 i
)4 2508 Fiiig .40 £ 58 3.8 2.087 3 g
g 238 R4S L3 Q.4 e 58 Bo1% L) 5250
¥ [ 4373 5109 S GE 5.4 2 18 pAY 4
“Q R h S 4858 %3 X 222 0,638 1.5 1pa6
1 820 4,472 §.706 LR LA 123.8 0.085 11 160
12 10.484 W48 wsse e 1388 Eia 2189 14 +E1B
3] 4304 4. 708 4139 5.3 HF 194.9 GG BF 2.304
T L84 1756 1149 tger 2EF 2018 B0 -] 24
15 9% Fas 1852 77y 1588 P X S92 L0 j#ak
16 5281 5100 5165 3 w0 1237 futel i &% a4
tr LBaE fri] 5F5¥ LY 1534 5.1 [ia s} 4.0 802
18 B.35% &4 §.465 LY 5.2 P2 Q7R 6 4303
8 &858 £.651 5,807 3 53,7 1202 e 13 pag 1.067
20 7,439 T34 232k 1308 43 2484 A3 EE] 4413
Fal L7y 3,745 3.8880 1363 38.4 1531 fedspd 40 098
o 1377 ine 330 A3 1576 9.6 0554 53 1.55¢
Fid BHZ 1954 LOE¢ BB 43,1 1521 Giod L4 1478
I+ 4458 4028 £ G5 5.3 52.3 fAR &3 .2 t.833
il PEIRE 13,896 11904 iy 537 R.3 L1276 9 £.944
b 11.59% 10446 A wE 22 X L1 : Y M

Defimtattt & DGORRations: Flow PEE w seak fiaw SBEmmmes try aothmwer St stsened How vatue: Yoi80 PEF & peak fiow oeier
SR 1200 VOLEME-GME Lurve Gihg 28 B0 H3ment VOl40 FEF = Beat How SHlemmined om vpliini=tmi (utve i § Shen
sgranl; Rae-TIMme # DR (Equieee Jor the tiow G0 nse trom 10% of PEF 12 0% of PER: Fow Tinvede-PEF & ume seaired s fow e
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MONITORING DEVICES {FVC AND FEV:) TESTING CRITERIA

scturany Testing

Criserion: Davigtion = $.5% or devizuon Mo} = (1 L, whichever
i jarger,

Wavelorms:, Twemyp-four sandard volume-time wapvsiorms
{AppENDIX Ch

Device rosting: T prothorion devices selected rovumely from
a production run gnd not sereened before testing.

Vatidation: Each device will receive five maneusers for eath
of the 34 waveforms, An sverage {or each wavelorm will be qal-
culated and used 10 seore that meter against the accuracy criteriz.

Acceptable performance: An srvor eccuts when both devia-
i (formula B3) and deviation (%) tformula B4) exceed their
specsfied Hmits. Acceptable performuance for each individual pa-
rarneter is less than three srrors out of the tatal 48 tesis (24 waves
forms, = devices).

13

Precision Testing: inraddvice Tésting
Crisarion: Range (%) < 35% or range < 00 L, whichever 5
greater,

Waveforms: Fous of the 24 standard volume=time waveforms
(waveforms L 3, §, and 11

Meters resteds Ten producton devices,

Validation: Three flows for sash waveforas for szch devies.,
For each wavelorm.and e each device, caleulate range (formuie
81y and range (T} (formule 821 for FYC and FEV,,

Acceptable performanice: An error oocurs when bodh range
ffarmuizs Blyand rangs {%b (formuia 82 exceed their specified
Yimis, Acceptable parformance for éach individual parameter
i3 six or fewer rrors (ervar taie = % for 120 trialyy,

-

Pracision Testing: interdevice Variability
Criterion: Less than §1% interdevios varigbility or 922 1, which-
#ver IS grenien,

3 %
10
%
T Wavaform §1 ! Waveform #2
=~ =
P bl
2 3
SE “‘,l
. .
F
? &
¢ 95 1 &8 2 oz 3 s 5
Tine (8
5 $
i i
= Wavelorm £1 2
= 2 Waveform ¥4
z Ed
22 22
1 1
[ ]
¢ o6& 1 tE I 2E 3 a %% 1 18 2 18 3
Time i} Tierm. (3}
. . 35+
3
2 16
3 Waveform 88 s, Waveform #§
P8 . -
r x
£ 218
% b
1
¢ %
O T 3
0 Tine (2 SR ¢ ok 1 1.5 s 6
Timse (3)
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Waveforms: Same 23 for ingradevice resting.

Deviges tasie Same g3 for intradavice westing.

Validation: Same Cots as for iniradevice wting. Imsrdevive
percentage s caloulaed as follows: for each device, caleulats an
average FYC and FEV, for sach waveform, For each waveiorm
and parameier, sombine all dara from 10 meters twsafeulare range

Ciformula BI) aad raage (%) (formula BZ) for wach of the Jour
wavsforms

Azeeptable performanse: AR crror etours whes both range
iformnuds BIY and range (") (formula BZ) xceed theit spesified
lienits. Acceprable performance iy present if there are no errors,

APPENDIX D
. Swndard Fiow-Time Wavetorms fot alidating PEF
The Tollowing Tow-tsme waveforms are intended primarily &t

Tirnw {2}

tasting portabie PEF merers but can be used for testing sther
ypes of spiremersrs, sspecially those measuring PEF, timeo-
peak flow, or risetime. These waveforms ware chosen to repre-
sent a rangeof PEF and «Movs (rsetimes), The PEF s derived
dirsctiy {rom the fow-time waveform-maximal observed vajut
To salculate the volume-determined PEF, volume is firscobiained
by integraring {sumnming) the fow values, Flow i3 then caity-
lated from the volume-iime wavelorm using the ATS Z-point
smoothing fungticn. The resulting votums PEF fsusually lower
than the PEF obrained from the flowstima waveform, Rise-thme
is defined as the time required for the flow to rise from 0% of
the PEF 10 30% of the PEF and iy sxpressad in millissconds,
Cither lnvestigaiors have used the tmeao-PEF, using the back-
extrapoiared techiqus 1o detérming the Tero time-point, Lsing
back-exrapolation 1o calealate dmzao-peak fow sometimes
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cesuits in artificially fower time-t0-PEF. &5 can be seen in wavew
form 7.

APPENDIX E
Signal-Processing Tuterial

Since computers have come itno such common use in spirome-
tey and singe fundamenzal errors have been detected in recently
sested commercially avatiable hardware and software (79, 2 shor
weprial of signst processing is presemied {Figure Eb

For velume spirommeters, signals are gensrally desived from
electrical voltages from 2 potendometer. Some spiromsters dlso
use optieal shaft or position encoders (890 Flow devices of the
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Fletseh preumotachometer variery also have slectrical voltage
outgnits, For the volume spirometer with a potentiometér aad
the flow dovice with 3 Now transducer, the signal s sampled by
3 computer’s analog 1o digial (Arto-D) converier. The ability of
these systems 10 accuraiely measyre the spirogram depends on
the velorme or flow wansducer’s inearity, the accuracy and linesr-
ity of the electrical sransducer (porsmiometer), and the resolu-
sion of the Ado-f) converter, A resolution of 12 bits (| part in
4086, raw resalution from 0003 o 0.004 L1 for the A-e-D
comvarter is recommended. although 10 bl (1 part in 1,024, raw
resodution from 0,008 1o 0.086 L) may be adequaie for sam-
pling volume. The sampling rawe of the spirometer volume or
flow is very important. Lemen and associatas €19) have shown
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Figare £1. Block giagram of spirometer data acguisition.

thar for both infants and adults, 95% of the signal anergyinthe
Tlowtime splrogram is within 3 bandwidth of zero 10 12 Hz For
the volume-time curve, 23% of the signal enargy 3 contained
from zera o 6 Hz. Digleal sampling theory requires that sam-
ples be taken ot beast rwice the rate of the highesi frsquency con-
1ained in the sigrad (81). Thus for volumetime spirograms, a
L2-Hz sampling rate should be adeguats However, mox vok
ume~time spirograms are sampled at 2 100.Hz or greater rate
to make measurements eagier and moré accurate, Computer sy~
tem developers shiouid be pwars that even with 100-Hz samiplivg,
it may be nesessary 10 lnearly imierpolate becween sampling
points wo determing accurate FEY,, FEF,, 1. and other sims-
lar spirometeie measures,

Volume sampling techniques with optical and shaft or pesi-
tien encoders of the volume-ime signal have best used (803, This
approach measurds the time interval between uniform volisme
iervals (for sxample, 5:.010 L), In this case, the resolution of
the time interval berween measarements during rapid flow be-
comes a limiting factor, Osuer and associates have recéntly ad-
dressed these issues (803, For sxampbe, if a resoition of fow
to within = 3% of reading at 12 L/s for a system with 00104
resolution i teguired, then a glock resolution of at Jeast 40 us
i5 needed (360,
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BACKGROUND

This section is written io provide guidance in
interpreting pubmonary function tests (PFTs) to
medical directors of hospifal-based laboratories
that perform PFIs, and physicians who are
responsible for interpreting the results of PFTs
most commonly ordered for clinical purposes.
Specifically, this section addresses the interpreta-
tion of spirometry, bronchodilator response,
carbon monoxide diffusing capacity (DL,CO) and
lung volumes.

The sources of variation in lung function testing
and technical aspects of spirometry, lung volume
measurements and DLCO measurement have
been considered in other documents published
in this series of Task Force reports [1-4] and in
the American Thoracic Society (ATS) interpret-
ative strategies document [5].

An interpretation begins with a review and
comment on test quality. Tests that are less than
optimal may still contain useful information, but
interpreters should identify the problems and the

Previous articles in this series: No. 1: Miller MR, Crapo R, Hankinson J, st &/, General considerations for lung function testing. Fur Aespir J 2005; 26
153-161. No._ 2: Millar MR, Hankinson J, Brusasco ¥, ef & Standardisation of spirometry. fgr Respir J 2005; 26: 319-338, No. 3: Wanger J, Clauser JL, Cogtes
A, et al. Standardisation of the measurement of lung volumes. Fur Bespir J 2005; 26: 511-522. No. 4: Macintyre N, Crapo RO, Viegi G, et af. Standardisation of the
single-breath determination of carbon monoxide uptake i the lung. Eur Respir J 2005; 26 720-735.
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direction and magnitude of the potential errors. Omitting the
quality review and relying only on numerical results for
clinical decision making is a common mistake, which is more
easily made by those who are dependent upon computer
interpretations.

Once quality has been assured, the next steps involve a series
of comparisons [6] that include comparisons of test results with
reference values based on healthy subjects [5], comparisons
with known disease or abnormal physiological patterns (i.e.
obstruction and restriction), and comparisons with self, a
rather formal term for evaluating change in an individual
patient. A final step in the lung function report is to answer the
clinical question that prompted the test.

Poor choices made during these preparatory steps increase the
risk of misclassification, i.e. a falsely negative or falsely positive
interpretation for a lung function abnormality or a change in
lung function. Patients whose results are near the thresholds of
abnormality are at a greatest risk of misclassification.

REFERENCE EQUATIONS

General issues

Interpretation of PFTs is usually based on comparisons of data
measured in an individual patient or subject with reference
{predicted) values based on healthy subjects. Predicted values
should be obtained from studies of “normal” or “healthy”
subjects with the same anthropometric (e.g. sex, age and
height) and, where relevant, ethnic characteristics of the
patient being tested. Ideally, reference values are calculated
with equations derived from measurements observed in a
representative sample of healthy subjects in a general popula-
tion. Reference equations can also be derived from large
groups of volunteers, provided that criteria for normal
selection and proper distribution of anthropometric character-
istics are satisfied. Criteria to define subjects as “normal” or
healthy have been discussed in previous ATS and European
Respiratory Society (ERS) statements [5, 7, 8].

Height and weight should be measured for each patient at the
time of testing; technicians should not rely on stated height or
weight. Height should be measured with a stadiometer, with
shoes off, using standard techniques (patient standing erect
with the head in the Frankfort horizontal plane) [9]. When
height cannot be measured, options include using stated height
or estimating height from arm span, as indicated in a previous
document from this series and other publications [1, 10, 11].

Specific recommendations for selecting reference values to be
used in any lung fuinction laboratory have also been discussed
[3]. These include the following: matching age-range, anthro-
pometric, race/ethnic, socio-economic and environmental
characteristics between subjects investigated by the laboratory
and the reference population from which the prediction
equations have been drawn; using similar instruments and
lung function protocols in the reference population as in the
laboratory; and using reference values derived by valid and
biologically meaningful statistical models, taking into account
the dependence of lung function with age. If possible, all
parameters should be taken from the same reference source.
For example, forced vital capacity (FVC), forced expiratory
volume in one second (FEV1), and FEV1/FVC should come
from the same reference source.
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The subjects being tested should be asked to identify their own
race/ethnic group, and race/ethnic-specific reference equa-
tions should be used whenever possible. If such equations are
not available or are unsuitable for a particular setting, a race/
ethnic adjustment factor based on published data may be used
for lung volumes. The use of adjustment factors is not as good
as specific race/ethnic equations [12]. An example of adjust-
ment factors is the finding that populations using standing
height as the measure of size tend to overpredict values
measured in Black subjects by ~12% for total lung capacity
(TLC), FEV1 and FVC, and by ~7% for functional residual
capacity (FRC) and residual volume (RV) [3]. A race/ethnic
adjustment factor of 0.94 is also recommended for Asian
Americans based on two recent publications [13, 14]. Such
adjustment factors should not be applied to the FEV1/FVC or
FEV1/vital capacity (VC) ratios. The use of sitting height does
not completely account for race/ethnic differences in pulmon-
ary function [15]. If a race adjustment factor is used, a
statement should be included in the report, along with the
race adjustrnent value used.

Differences in the evaluation of lung function using different
sets of reference equations have been documented [16, 17].
Ideally, spirometric reference values should be derived from a
population similar to the individual subject using the same
kind of instrument and testing procedure.

There have been recommendations to compare selected
reference equations with measurements performed on a
representative sample of healthy subjects tested in each
laboratory. The reference equation that provides the sum of
residuals (observed — predicted computed for each adult
subject, or log observed — log predicted for each subject in the
paediatric age range) closest to zero will be the most
appropriate for that laboratory [7]. However, for spirometry,
a relatively large number of subjects (i.e. n=100) is necessary to
be confident that a significant difference between the pub-
lished reference equations and the values from the local
community does not exist [18]. Therefore, the suggestion is
impractical for most laboratories.

When using a set of reference equations, extrapolation beyond
the size and age of investigated subjects should be aveoided [7].
If a patient’s age or height is outside the limits of the reference
population, a statement in the interpretation should indicate
that an extrapolation has been made.

Publications on reference equations should include explicit
definitions of the upper and lower limits of the normal range,
or provide information to allow the reader to calculate a lower
range [5]. For each lung function index, values below the 5th
percentile of the frequency distribution of values measured in
the reference population are considered to be below the
expected “normal range” [5]. If the reference data have a
normal distribution, the lower 5th percentile can be estimated
as the 95% confidence interval using Gaussian statistics. If the
distribution is skewed, the lower limit should be estimated
with a nonparametric technique, such as the 95th percentile.
‘The practice of using 80% predicted as a fixed value for the
lower limit of normal may be acceptable in children, but can
lead to important errors when interpreting lung function in
adults [5]. The practice of using 0.70 as a lower limit of the
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FEV1/FVC ratio results im a significant number of false-
positive results in males aged >40 yrs and females >50 yrs
[12], as well as in a risk of overdiagnosis of chronic obstructive
pulmonary diseases (COPD) in asymptomatic elderly never-
smokers [19]. This discussion has been focused on the lower
limit of the reference range. Upper limits are appropriate
where the variable can be either too high or too low. Such
variables include TLC, RV/TLC and DL,CO. As equipment and
techniques for lung function testing improve, advanced
mathematical models to describe lung function data are
implemented. Furthermore, the characteristics of the popula-
tions of “normal” subjects, with respect to nutrition, health
status, environmental conditions and other faciors, evolve (a
phenomenon also described as “cohort effect”). Consideration
should be given to updating reference equations on a regular
basis, e.g. every 10 yrs, taking into account the applicability of
the newer reference equations and the effect on interpretation
- of longitudinal patient follow-up.

Manufacturers should also provide software that allows users
to easily select among a panel of reference equations. They
should also allow easy insertion of new equations. The
reference values used should be documented on every
pulmonary function report with the first author’s last name
(or organisation) and the date of publication.

Spirometry

The European Community for Coal and Steel (ECCS) [8, 20}
and the ATS [5, 21] have both published comprehensive
fistings of published reference equations for spirometry. A
number of additional studies on lung function reference
values, dealing with a variety of ethnic/race groups and age
ranges, have been published in the last 10 yrs [12, 14, 17, 22, 23].

Spirometric reference equations are usually derived from
cross-sectional studies and are subject to “cohort effect”. Few
authors have published longitudinal equations covering ages
from childhood to the elderly [24-26), and there are few
published sets of equations that cover volume and flow indices
over a wide range of ages [27, 28]. Table 1 includes reference
equations published from 1995 to August 2004, The table was
created from known equations and a MEDLINE search using the
keywords “reference equations’ and “‘spirometry”. Its purpose
is to recognise and encourage the continuing interest of world-
wide researchers in deriving and using reference equations.

In the USA, ethnically appropriate National Health and
Nutriion Examination Survey (NHANES) HI reference equa-
tions are recommended for those aged 8-80 yrs [12]. For
children aged <8 yrs, the equations of WANG ef al. [29] are
recommended. Other prediction equations may be used if
there are valid reasons for the choice. In Europe, the combined
reference equations published in the 1993 ERS statement [8] are
often used for people aged 18-70 yrs, with a height range of
155-195 em in males, and 145-180 cm in females, and those
from QuUangEr et al [30] in paediatric ages. Currently, this
committe does not recommend any specific set of equations for
use in Europe, but suggests the need for a new Europe-wide
study to derive updated reference equations for lung function.

Lung volumes
Lung volumes are related to body size, and standing height is
the most important correlating variable. In children and
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adolescents, lung growth appears to lag behind the increase
in standing height during the growth spurt, and there is a ghift
in the relationship between lung volume and height during
adolescence [31, 32]. Height growth in young males between
12,5 and 18 yrs of age peaks ~1 yr before the growth rate of
weight and FVC, and ~1.5 yrs before the growth rate of
maximum flow at 50% FVC. In young females, growth rates
of all spirometric indices decrease over the same age range.
Using simple allometric relationships between stature and
lung volumes, volume predictions are too high in the youngest
age group and too low in the oldest adolescents.

Furthermore, for the same standing height, young males have
greater lung function values than young females, and Whites
have greater values than Blacks. Lung function increases
linearly with age until the adolescent growth spurt at age
~10 yrs in females and 12 yrs in males. The pulmonary
function versus height relationship shifts with age during
adolescence, Thus, a single equation or the pulmonary
function-height growth chart alone does not completely
describe growth during the complex adolescent period.
Nevertheless, race- and sex-specific growth curves of pulmon-
ary tunction versus height make it easy to display and evaluate

repeated measures of pulmonary function for an individual
child [29].

Details of reference populations and regression equations for
children and adolescents are summarised by QuUaNJER et al
[30]. Lung volume reference equations have been frequently
derived from relatively small populations (<200 children) over
a 6-12-yr age range when growth and developmental changes
are extremely rapid. Relatively few studies have taken puberty
or age into account.

A comprehensive listing of published reference equations for
lung volumes was published in 1983 by the ECCS [20] and
updated in 1993 [B]. A set of equations was created by
combining the equations in this list with the intent to use the
combined equations for adults aged 18-70 yrs with a height
range of 155-195 cm in males, and 145-180 cm in females.

A report on an ATS workshop on lung volume measurements
[7] reviewed published reference values in infants, pre-school
children, children, adolescents and adults, and gave recom-
mendations for selecting reference values, expressing results,
measuring ancillary variables and designing future studies.
Most reference equations for children are derived from
Caucasian populations.

Differences due to ethnicity are not well defined [33-36]. These
differences may be explained, in part, by differences in trunk
length relative to standing height, but there are also differences
in fat-free mass, chest dimensions and strength of respiratory
muscles. Until better information is available, correction factors
for Black and Asian children could be the same as those
recommended for adults [7]. Reference values for RV, VC and
TLC are, on average, 12% lower in Blacks than in Whites [35];
this difference may be smaller in elderly persons than in young
adults [36]. Reference values for absolute lung volumes for
adults of Asian ethnicity are generally considered to be lower
than for Whites, but the magnitude of the differences is not
well defined, and the difference may be less in Asians raised
on “Western” diets during childhood [37]. According to the
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Special attention must be paid when FEV1 and FVC are
concomitantly decreased and the FEV1/FVC ratio is normal or
almost normal. This pattern most frequently reflects failure of
the patient to inhale or exhale completely, It may also occur
when the flow is so slow that the subject cannot exhale long
encugh to empty the lungs to RV. In this circumstance, the
flow—volume curve should appear concave toward the end of
the manoeuvre. TLC will be normal and FEF75 will be low.
Measurement of slow VC (inspiratory or expiratory) may then
give a more correct estimate of the FEV1/VC ratio. Another
possible cause of this pattern is patchy collapse of small
airways early in exhalation [8, 49-52]. Under these conditions,
TLC may be normal, but RV is ordinarily increased. A typical
example is shown in figure 1b. When this pattern is observed
in a patient performing a maximal, sustained effort, it may be
useful to repeat spirometry after treatment with an inhaled
bronchodilator. Significant improvement in the FEV1, FVC or
both would suggest the presence of reversible airflow
obstruction.

Apart from this unusual circumstance, measurement of lung
. volumes is not mandatory to identify an obstructive defect. It
may, however, help to disclese underlying disease and its
functional consequences. For example, an increase in TLC, RV
or the RV/TLC ratio above the upper limits of natural
vartability may suggest the presence of emphysema, bronchial
asthma or other obstructive diseases [47], as well as the degree
of lung hyperinflation,

Airflow resistance is rarely used fo identify airflow obstruction
in clinical practice. It is more sensitive for detecting narrowing
of extrathoracic or large central intrathoracic airways than of
more peripheral intrathoracic airways [47]. It may be useful in
patients who are unable to perform a maximal forced
expiratory manoeuvre.

Restrictive abnormalities

A restrictive ventilatory defect is characterised by a reduction
in TLC below the 5th percentile of the predicted value, and a
normal FEV1/VC. A typical example is shown in figure 1c. The
presence of a restrictive ventilatory defect may be suspected
when VC is reduced, the FEV1/VC is increased (>=85-90%) and
the flow—volume curve shows a convex pattern. Once again,
the pattern of a reduced VC and a normal or even slightly
increased FEV1/VC is often caused by submaximal inspiratory
or expiratory efforts and /or patchy peripheral airflow obstruc-
tion, and a reduced VC by itself does not prove a restrictive
ventilatory defect. It is associated with a low TLC no more than
half the time [53, 54].

Preumothorax and noncommunicating bullae are special cases
characterised by a normal FEV1/VC and TLC measured in a
body plethysmograph, but low FEV1 and VC values. In these
conditions, TLC assessed by gas dilution techniques will be
low.

A low TLC from a single-breath test (such as VA from the
DLco test) should not be interpreted as demonsirating
restriction, since such measurements systematically under-
estimate TLC [55]. The degree of underestimation increases as
airflow obstruction worsens. In the presence of severe airflow
obstruction, TLC can be underestimated by as much as 3 L,
greatly increasing the risk of misclassification of the type of
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PFT abnormality {53, 56]. A method of adjusting the single-
breath VA for the effect of airway obstruction has been
published, but needs further validation [57].

Mixed abnormalities

A mixed ventilatory defect is characterised by the coexistence
of obstruction and restriction, and is defined physiologically
when both FEV1/VC and TLC are below the 5th percentiles of
their relevant predicted values. Since VC may be equally
reduced in both obstruction and restriction, the presence of a
restrictive component in an obstructed patient cannot be
inferred from simple measurements of FEV1 and VC. A typical
example is presented in figure 1d. If FEV1/VC is low and the
largest measured VC {pre- or post-bronchedilator VC or VIin
the DL,CO test) is below its lower limits of normal (LLN), and
there is no measurement of TLC by body plethysmography,
one can state that the VC was also reduced, probably due to
hyperinflation, but that a superimposed restriction of lung
volumes cannot be ruled out [58]. Conversely, when FEV1/VC
is low and VC is normal, a superimposed restriction of lung
volumes can be ruled out [53, 54].

Table 5 shows a summary of the types of ventilatory defects
and their diagnoses.

COMMENTS ON INTERPRETATION AND PATTERNS OF
DYSFUNCTION

The definition of an obstructive pulmonary defect given in the
present document js consistent with the 1991 ATS statement on
interpretation [5], but contrasts with the definitions suggested
by both Global Initiative for Chronic Obstructive Lung Disease
{GOLD)} [59] and ATS/ERS guidelines on COPD [60], in that
FEV1 is referred to VC rather than just FVC and the cut-off
value of this ratio is set at the 5th percentile of the normal
distribution rather than at a fixed vaiue of 0.7. This committee
feels that the advantage of using VC in place of FVC is that the
ratio of FEV1 to VC is capable of accurately identifying more
cbstructive patterns than its ratio to FVC, because FVC is more
dependent on flow and volume histories [61]. In contrast with
a fixed value of 0.7, the use of the 5th percentile does not lead
to an overestimation of the ventilatory defect in older people
with no history of exposure to noxious particles or gases [62].

The assumption that a decrease in major spirometric para-
meters, such as FEV1, VC, FEV1/VC and TLC, below their
relevant 5th percentiles is consistent with a pulmonary defect
is a useful simple approach in clinical practice. Problems arise,
however, when some or all of these variables lie near their
upper limits of normal or LLN. In these cases, a literal
interpretation of the functional pattern is too simplistic and
could fail to properly describe the functional status.

The current authors suggest that additional studies should be
done in these circumstances if they are indicated by the clinical
problem being addressed. Such tests could include broncho-
dilator response, DLCO, gas-exchange evaluation, measure-
ment of respiratory muscle strength or exercise testing.

Caution is also recommended when TLC is at the LLN and
coexists with a disease expected to lead to lung restriction. A
typical example is lung resection. The expected restrictive
defect would be difficult to prove on the simple basis of TLC as
per cent of predicted if the latter remains above the 5th
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percentile of predicted as a result of subsequent lung growth
ot of a large TLC before surgery. Similar care must be taken in
cases where diseases with opposing effects on TLC coexist,
such as interstitial lung disease (ILD) and emphysema.

While patterns of physiological abnormalities can be recog-
nised, they are seldom pathognomonic for a specific disease
entity. The types of clinical illness most likely to produce an
observed set of physiological disturbances can be pointed out.
Regardless of the extent of testing, it is important to be
conservative in suggesting a specific diagnosis for an under-
lying disease process based only on pulmonary function
abnormalities,

The VC, FEV1, FEV1/VC ratio and TLC are the basic
parameters used to properly interpret lung function (fig. 2.
Although FVC is often used in place of VC, it is preferable to
use the largest available VC, whether obtained on inspiration
{IVQ), slow expiration (SVC) or forced expiration {(i.e. FVC).
The FVC is usually reduced more than IVC or SVC in airflow
obstruction [61]. The FEVé may be substituted for VC if the
appropriate LLN for the FEV1/FEV6 is used (from the
NHANES Bl equations) [12, 63]. Limiting primary interpreta-
ton of spirograms to VC, FEV1 and FEV1/VC avoids the
problem of simultaneously examining a multitude of measure-
ments to see if any abnormalities are present, a procedure
leading to an inordinate number of “abnormal” tests, even
among the healthiest groups in a population [64, 65]. When the
rate of abnormality for any single test is only 5%, the frequency
of at least one abnormal test was shown to be 10% in 251
healthy subjects when the FEV1, FVC and FEV1/FVC ratio
were examined and increased to 24% when a battery of 14
different spirometric measurements were analysed [23]. It
should be noted, however, that additional parameters, such as
the peak expiratory flow (PEF) and maximuwm inspiratory flows,
may assist in diagnosing extrathoracic airway obstruction.

The most important parameter for identifying an cobstructive
impairment in patients is the FEV1/VC ratic. In patients with
respiratory diseases, a low FEV1/VC, even when FEV1 is
within the normal range, predicts morbidity and mortality [66].
For healthy subjects, the meaning of a low FEV1/FVC ratio

956 VOLUME 26 NUMBER 5

accompanied by an FEV1 within the normal range is unclear.
This pattern is probably due to "dysanaptic” or unequal
growth of the airways and lung parenchyma [67] (referred to
in a previous ATS document as a possible physiological variant
when FEV1 was 2100% pred [5]). Whether this pattern
represents airflow obstruction will depend on the prior
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FUGURE 2. A simplified algorithm that may be used 1o assess lung function in
clinical practice. It presents classic patierns for various pulmonary disorders, As in
any such diagram, patients may or may not present with the classic palterns,
denending on their illnesses, severity and lung function prior to the disease onset
{2.g. did they start with a vita) capacity (VC) close to the upper or lower Wmits of
normial {(LLNY). The decisicns about how far to follow this diagram are clinical, and
will vary depending on the questions being asked and the clinical information
avallable at the time of testing. The forced expiratory volume in one second (FEV1)/
VC ratio and VC should be considered first. Total lung capacity (TLC) is necessary
to confirm or exclude the presence of a restrictive defect when VC is below the LLN.
The algorithm also includes diffusing capacity for carbon monoxide (DLCO)
measurement with the predicted value adjusted for haemoglobin. In the mixed
defect group, the DLCO patterns are the same as those for restriction and
obstruction. This flow chart is not sultable for assessing the severity of upper airway
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probability of obstructive disease and possibly on the results of
additional tests, such as bronchodilator response, DL.CO, gas-
exchange evaluation, and measurement of muscle strength or
exercise testing. Expiratory flow measurements other than the
FEV1 and FEV1/VC should be considered only after deter-
mining the presence and clinical severity of obstructive
impairment using the basic values mentioned previously.
When the FEV1 and FEV1/VC are within the expected range,
the clinical significance of abnormalities in flow occurring late
in the maximal expiratory flow—volume curve is limited. In the
presence of a borderline value of FEV1/VC, however, these
tests may suggest the presence of airway obstruction. The same
is true for average flows, such as mid-expiratory flow (MEF25-
75%), especially in children with cystic fibrosis [68, 69]. Even
with this limited use, the wide variability of these tests in heal-
thy subjects must be taken into account in their interpretation.

The maximal voluntary ventilation (MVV) is not generally
included in the set of lung function parameters necessary for
diagnosis or follow-up of the pulmonary abnormalities
because of its good correlation with FEV1 [70]. However, it
may be of some help in clinical practice. For example, a
disproportionate decrease in MVV relative to FEV1 has been
reported in neuromuscular disorders [71, 72] and UAO [73]. In
addition, it is also used in estimating breathing reserve during
maximal exercise [74], although its application may be of
limited value in mild-to-moderate COPD [75, 76]. For these
purposes, the current authors suggest that MVV should be
measured rather than estimated by multiplying FEViI by a
constant value, as is often done in practice.

SEVERITY CLASSIFICATION

A method of categorising the severity of lung function
impairment based on the FEV1 % pred is given in table 6. It
is similar to several previous documents, including GOLD [59],
ATS 1986 [77], ATS 1991 [5], and the American Medical
Association (AMA) [78]. The number of categories and the
exact cut-off points are arbitrary.

Severity scores are most appropriately derived from studies
that relate pulmenary function test values fo independent
indices of performance, such as ability to work and function in
daily life, morbidity and prognosis [79-82]. In general, the
ability to work and function in daily life is related to
pulmonary function, and pulmonary function is used to rate
impairment in several published systems [77-79, 83].
Pulmonary function level is also associated with merbidity,
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and the patients with lower function have more respiratory
complaints [82].

Lung function level is also associated with prognosis, includ-
ing a fatal outcome from heart as well as lung disease [84, 85],
even in patients who have never smoked [86]. In the
Framingham study, VC was a major independent predictor
of cardiovascular morbidity and mortality [84, 85]. In several
occupational cohorts, FEV1 and FEV1/FVC were independent
predictors of all-cause or respiratory disease mortality [87-89].
In addition, a meta-analysis of mortality in six surveys in
various UK working populations showed that the risk of dying
from COPD was related to the FEV1 level. In comparison to
those whose FEV1 at an initial examination was within 1 sp of
average, those whose FEV? was >2 sD below average were 12
times more likely to die of COPD, more than 10 times as likely
to die of non-neoplastic respiratory disease, and more than
twice as likely to die of vascular disease over a 20-yr follow-up
period [90]. Although there is good evidence that FEVI
correlates with the severity of symptoms and prognosis in
many circumstances {79, 82, 90], the correlations do not allow
one to accurately predict symptoms or prognosis for indivi-
dual patients.

The DLCO is also an important predictor of mortality both in
the general population [91] and in patients after pulmonary
resection [92].

Though the FEV1 % pred is generally used to grade severity in
patients with obsfructive, restrictive and mixed pulmonary
defects, it has little applicability to patients with UAQO, such as
tracheal stenosis, where obstruction could be life-threatening
and yet be classified as mildly reduced by this scheme. In
addition, there is litfle data documenting the performance of
other lunctional indexes, such as FRC in airflow obstruction or
TLC in lung restriction as indices to categorise severity of
impairment.

VC is reduced in relation to the extent of loss of functioning
hing parenchyma in many nonobstructive lung disorders. It is
also of some use in assessing respiratory muscle involvement
in cerfain neuromuscular diseases. VC may be only slightly
impaired in diffuse interstitial diseases of sufficient severity to
lead to marked loss of diffusing capacity and severe blood gas
abnormalities [63]. The onset of a severe respiratory problem in
patients with a rapidly progressive neuromuscular disease
may be associated with only a small decrement in VC [47, 93].

FEV1 and FVC may sometimes fail to properly identify the
severity of ventilatory defects, especially at the very severe
stage for multiple reasons. Among them are the volume history
effects of the deep breath preceding the forced expiratory
manoeuvre on the bronchial tone and, thus, calibre [94-98],
and the inability of these parameters to detect whether tidal
breathing is flow limited or not [99-102]. The FEV1/VC ratio
should not be used to determine the severity of an obstructive
disorder, until new research data are available. Both the FEV1
and VC may decline with the progression of disease, and an
FEV1/VC of 0.5/1.0 indicates more impairment than one of
2.0/4.0, although the ratic of both is 50%. While the FEV1/VC
ratio should not routinely be used to determine the severity of
an obstructive disorder, it may be of value when persons
having genetically large lungs develop obsiructive disease. In
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these cases, the FEV1/VC ratio may be very low (60%), when
the FEV1 alone is within the mild category of obstruction (i.e.
>70% pred;. '

Recent studies have stressed the importance of additional
measurements in assessing the severity of the disease. For
example, when airflow obstruction becomes severe, FRC, RV,
TLC and RV/TLC tend to increase as a result of decreased lung
elastic recoil and/or dynamic mechanisms {47, 103, 104]. The
degree of hyperinflation parallels the severity of airway
obstruction [58]. On one hand, lung hyperinflation is of benefit
because it modulates airflow obstruction, but, on the other
hand, it causes dyspnoea because of the increased elastic load
on inspiratory muscles {471. In a recent investigation, resting
lung hyperinflation, measured as inspiratory capacity (1C)/
TLC, was an independent predictor of respiratory and all-
cause mortality in COPD patients [105]. In addition, in either
severe obstructive or restrictive diseases, tidal expiratory flow
often impinges on maximum flow [98, 99, 102]. This condition,
denoted as expiratory flow limitation during tidal breathing
(EFL), is relatively easy to measure in practice by comparing
tidal and forced expiratory flow-volume loops. Its clinical
importance is that it contributes to increased dyspnoea [100],
puts the inspiratory muscles at a mechanical disadvantage [43]
and causes cardiovascular side-effects {106]. Although there
currently isn't sufficient evidence to recommend the routine
use of measurements of hyperinflation or EFL to score the
severity of lung function impairment, they may be helpful in
patients with disproportionate differences between spirometric
impairment and dyspnoea,

Finally, the reported increase in RV in obstruction is deemed to
be a marker of airway closure {47, 103]. Although its clinical
relevance remains uncertain, especially with regard to assess-
ment of severity, RV may be useful in special conditions,
including predicting the likelihood of lung function improve-
ment after lung volume-reduction surgery [104].

Table 7 shows the summary of the considerations for severity
classification.

BRONCHODILATOR RESPONSE

Bronchial responsiveness to bronchodilator medications is an
integrated physiological response involving airway epithe-
lium, nerves, mediators and bronchial smooth muscle. Since
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the within-individual difference in response to a bronchodi-
lator is wvariable, the assumption that a single test of
bronchodilator response is adequate to assess both the under-
lying airway responsiveness and the potential for therapeutic
benefits of bronchodilator therapy is overly simplistic [107}.
Therefore, the current authors feel that the response to a
bronchodilator agent can be tested either after a single dose of
a bronchodilator agent in the PFT laboratory or after a clinjcal
trial conducted over 2-8 weeks.

The correlation between bronchoconstricion and broncho-
dilator response is imperfect, and it is not possible to infer with
certainty the presence of one from the other.

There is no consensus about the drug, dose or mode of
administering a bronchodilator in the laboratory. However,
when a metered dose inhaler is used, the following procedures
are suggested in order to minimise differences within and
between laboratories. Short-acting fi-agonists, such as salbu-
tamol, are recommended. Four separate doses of 100 pg should
be used when given by metered dose inhaler using a spacer.
Tests should be repeated after a 15-min delay. If a broncho-
dilator test is performed to assess the potential therapeutic
benefits of a specific drug, it should be administered in the
same dose and by the same route as used in clinical practice,
and the delay between admipistration and repeated spiro-
metric measurements should reflect the reported time of onset
for that drug.

The first step in interpreting any bronchodilator test is to deter-
mine if any change greater than random: variation has occurred.
The per cent change in FVC and FEV1 affer bronchodilator
administration in general population studies [108-110) and
patient populations {101, 111-113] are summarised in table 8
Studies show a tendency for the calculated bronchodilator
response to Increase with decreasing baseline VO or FEV1,
regardless of whether the response was considered as an absolute
change or as a per cent of the initial value. Bronchodilator
responses in patient-based studies are, therefore somewhat
higher than those in general population studies.

There is no clear consensus about what constitutes reversibility
in subjects with airflow obstruction [111, 114]. In part, this is
because there is no consensus on how a bronchodilator
response should be expressed, the variables to be used, and,
finally, the kind, dose and inhalation mode of bronchodilator
agent. The three most common methods of expressing
bronchodilator response are per cent of the initial spirometric
value, per cent of the predicted value, and absolute change.

Expressing the change in FEV1 and/or ¥VC as a per cent of
predicted values has been reported to have advantages over
per cent change from bageline {115} When using per cent
change from baseline as the criterion, most authorities require
a 12-15% increase in FEV1 and /or FVC as necessary to define a
meaningful response. Increments of <8% {or <150 mL) are
likely to be within measurement variability [107, 115} The
current authors recommend using the per cent change from
baseline and absolute changes in FEV1 and/or FVC in ar
individual subject to identify a positive bronchodilato
response. Values >12% and 200 ml. compared with baseline
during a single testing session suggest a “significant’
bronchedilatation. If the change in FEV1 is not significant, .
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LUNG FUNCTION TEST INTERPRETATION

decrease in lung hyperinflation may indicate a significant
response [101]. The lack of a response to bronchodilator
testing in a laboratory does not preclude a clinical response to
bronchodilator therapy.

The MEF25-75% is a highly variable spirometric test, in part
because it depends on FVC, which increases with expiratory time
in obstructed subjects. If FVC changes, post-bronchedilator
MEF25-75% is not comparable with that measured before the
bronchodilator. Volume adjustment of MEF25-75% has been
proposed to solve this problem {116, 117]. At least two studies
have assessed the utilify of MEF25-75%. The results were
disappointing; only 8% of asthmatics [117] and 7% of patients
with COPD were identified as oufside the expected range by
MEF25-75% criteria alone. Tests such as the FEV1/VC ratio and
instantaneous flows measured at some fraction of the VC may
also be misleading in assessing bronchodilator response if
expiratory time changes are not considered and if flows are not
measured at the same volume below TLC.

If the change is above the threshold of natural variability, then
the next step is to determine if this change is clinically
mportant. This aspect of the interpretation is harder to define
ind depends on the reasons for undertaking the test. For
nstance, even if asthmatics tend to show a larger increase in
low and volume after inhaling a dilator agent than COPD
ratients, the response to a bronchodilator has never been
hown to be capable of clearly separating the two classes of
atients [101, 109, 111, 114]. In addition, it must be also
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acknowledged that responses well below the significant
thresholds may be associated with symptom improvement
and patient performance [118]. The possible reasons are
discussed as follows.

Quite offen, responses to bronchedilator therapy are unpre-
dictably underestimated by FEV1 and/or FVC in comparison
to airway resistance or flow measured during forced expira-
tory manoceuvres initiated from a volume below TLC {partial
expiratory flow—volume manoeuvres) in both healthy subjects
and patients with chronic airflow obstruction [8, 101, 102, 119-
122]. These findings are probably due to the fact that deep
inhalations tend to reduce aivway calibre, especially after a
bronchodilator {101, 120]. Int patients with airflow obstruction,
the increase in expiratory flow after bronchodilation is often
associated with a decrease in FRC or an increase in IC of
similar extent at rest and during exercise [101, 123]. The
improvement of the lung function parameters in the tidal
breathing range and not following a deep breath may
explain the decrease in shortness of breath after inhaling a
bronchodilator, despite no or minimal changes in FEV1 and/or
FVC. Short-term intra-individual variabilities for partial flows
and IC have been reported [101]. Therefore, the lack of increase
of FEV1 and/or FVC after a bronchodilator is not a good
reason fo avoid 1-8-week dinical trial with bronchoactive
medication.

An isolated increase in FVC (>12% of control and >200 mlL)
not due to increased expiratory time after salbutamol is a sign of
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bronchodilation [124]. This may, in part, be related to the fact
that deep inhalations tend to reduce airway calibre and/or
airway wall stifiness, especially after a bronchodilator [101, 120}.

Table 9 shows a summary of the suggested procedures for
laboratories yelating to bronchodilator response.

CENTHRAL AND UPPER AIRWAY OBSTRUCTION

Central airway obstruction and UAQ may occur in the
extrathoracic {pharynx, larynx, and exirathoracic portion of
the trachea) and intrathoracic airways (intrathoracic trachea
and maijn bronchi). This condition does not usually lead to a
decrease in FEV1 and/or VC, but PEF can be severely affected.
Therefore, an increased ratio of FEV1 divided by PEF
(mL-L " minY) can alert the dinician to the need for an
inspiratory and expiratory flow-volume loop [125]. A value
>8 suggests central or upper airway obstruction may be
present [126]. Poor initial effort can also affect this ratio.

At least three maximal and repeatable forced inspiratory and
forced expiratory flow-volume curves are necessary fo

a) 6+ b) 6

Flow L-g™]
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evaluate for central or upper airway cbstruction. It is critical
that the patient’s inspiratory and expiratory efforts are near
maximal and the technician should confirm this in the quality
notes. When patient effort is good, the pattern of a repeatable
plateau of forced inspiratory {low, with or without a forced
expiratory plateau, suggests a variable extrathoracic central or
upper airway obstruction (fig. 3). Conversely, the pattern of a
repeatable plateau of forced expiratory flow, along with the
Jack of a forced inspiratory plateau suggests a variable,
intrathoracic central or upper airway obstruction. The pattern
of a repeatable plateau at a similar flow in both forced
inspiratory and expiratory flows suggests a fixed central or
upper airway obstrucdon (fig. 3).

In general, maximum inspiratory flow is largety decreased
with an extrathoracic airway obstruction, because the pressure
surrounding the airways (which is abmost equal to atmo-
spheric) cannot oppose the negative intraluminal pressure
generated with the inspiratory effort. In contrast, it is little
affected by an intrathoracic airway obstruction, for the
pressure surrounding the intrathoracic aivways (which is close
to pleural pressure) strongly opposes the negative intraluminal
pressure on inspiration, thus limiting the effects of the
obstruction on flow. With unilateral main bronchus obsiruc-
tlon, a rare event, maximurn inspiratory flow tends to be
higher at the beginning than towards the end of the forced
inspiration because of a delay in gas filling (fig. 4).

Maximum expiratory flow at high lung volume (especially
peak flow) is generally decreased in both intrathoracic and
extrathoracic lesions [126--129]. In contrast, maximum flows
may be normal in the presence of a variable lesion, such as
vocal cord paralysis. Flow oscillations (saw-tooth pattern} may
be occasionally observed on the either inspiratory or expiratory
phase, and probably represent a mechanical instability of the
airway wall.

The effects of anatomical or functional esions on maximum
flows depend on the site of the obstruction, kind of lesion
{variable or fixed) and the extent of anatomical obstruction [61,
127, 130]. Typical cases of exira- and intrathoracic central or
upper airway obstruction are reported in figures 3 and 4. The
absence of classic spiromefric patterns for central airway

c) 6+

-3
A T 1 67 w = -6 ,
0 2 4 0 2 4 0 2
Volume L Volume L Volume L

FIGURE 3. ideaised examples of a) fixed, by variable exiratnoracic, and ¢) variable intrathoracic airway obstruction.
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FIGLIRE 4. Example of unilateral main bronchus obstruction due to a valve-like
mechanism occluding the main left stem bronchus during inspiration as a resuli of a
surgical scar. There Is a delay in gas filing towards the end of the forced Insplration
as evidence of the varlable unilateral main bronchus obstruction (forced expiratory
volume Tn one second (FEVT): 76%; FEVi/vital capacity: 70%, peak expiratory flow:
93%, tota! fung capacity; 80%}. - 1 predictad expiratory flow-volume loop, ——
recorded maximum inspiraiory and explratory flow-volume loops.

obstruction does not accurately predict the absence of
pathology. As a result, clinicians need to maintain a high degree
of suspicion for this problem, and refer suspected cases for visual
inspection of the airways. The authors feel that, although
maximum inspiratory and expiratory flow—volume loops are of
great help to alert clinicians to the possibility of central or upper
airway obstruction, endoscopic and radiological techniques are
the next step to confirm the dysfunction.

The parameters presented in table 10 may help to distinguish
intrathoracic from extrathoracic airway obstructions.

Table 11 gives a summary of the relevant issues concerning
UAO.

INTERPRETATION OF CHANGE N LUNG FUNCTION

Evaluation of an individual’s change in lung function follow-
ing an intervention or over time is offen more clinically
valuable than a single comparison with external reference
{predicted) values. It is not easy to determine whether a
measured change reflects a true change in pulmonary status or

i
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is only a result of test variability. All lung function measure-
ments tend to be more variable when made weeks to months
apart than when repeated at the same test session or even daily
[25, 131]. The short-ferm repeatfability of tracked para-
meters should be measured using biological controls. This is
especially important for the DLC0[132, 133], since small errors in
measurements of inspiratory flows or exhaled gas concentrations
translate into large DL,CO errors, The variability of lung volume
measurements has recently been reviewed [134].

The optimal method of expressing the short-term variability
{measurement noise) is to caloulate the coefficient of repeat-
ability (CR) instead of the more popular coefficient of variation
{135]. Change measured for an individual patient that falls
outside the CR for a given parameter may be considered
significant. The CR may be expressed as an absclute value
{such as 0.33 L. for FEV1 or 5 units for D.cO) [136] or as a
percentage of the mean value (such as 11% for FEV1) [137].

It is more likely that a real change has occurred when more
than two measurements are performed over time. As shown in
table 12, significant changes, whether statistical or biological,

VOLUME 26 NUMBER 5 861
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vary by parameter, time period and the type of patient. When
there are only two tests available to evaluate change, the jarge
variability necessitates relatively large changes to be confident
that a significant change has in fact occurred. Thus, in subjects
with relatively “normal” lung function, year-to-year changes
in FEV1 over 1 yr should exceed 15% before confidence can be
given to the opinion that a clinically meaningful change has
occurred [5].

For tracking change, FEV1 has the advantage of being the most
repeatable lung function parameter and one that measures
changes in both obstructive and restrictive types of lung
disease. Two-point, short-term changes of >12% and >0.2 L in
the FEV1 are usually statistically significant and may be
clinically important. Changes slightly less than these may,
perhaps, be equally significant, depending on the reproduci-
pility of the pre- and post-bronchodilator results. Other
parameters such as VC, IC, TLC and DLCO may also be
tracked in patients with ILD or severe COPD [138, 140-142].
Tests like VC and FVIC may be relevant to COPD because they
may increase when FEV1 does not, and changes in D1,CO, in
the absence of change in spirometry variables, may be
dinically important. Again, when too many indices of lung
function are tracked simultanecusly, the risk of false-positive
indications of change increases.

The clinician seeing the patient can often interpret results of
serial tests in a useful manner, which is not reproducible by
any simple algorithin. Depending on the clinical situation,
statistically insignificant trends in lung function may be
meaningful to the clinician. For example, seemingly stable test
results may provide reassurance in a patient receiving therapy
for a disease that is otherwise rapidly progressive. The same
test may be very disappointing if one is treating a disorder that
is expected to improve dramatically with the therapy
prescribed. Conversely, a statistically significant change may
be of no clinical importance to the patient. The largest errors
occur in attempting to interpret serial changes in subjects
without disease, because test variability will usually far exceed
the frue annual decline, and reliable rates of change for an
individual subject cannot be calculated without prolonged
follow-up {143].

Test variability can be reduced when lung function standards
and guidelines are followed strictly. Simple plots (i.e. trending)
of tung function with time can provide additional information
to help differentiate true change in lung function from noise.
Measuring decline in lung function as a means of identifying
individuals (such as smokers} who are losing function at
excessive rates has been proposed. However, establishing an
accelerated rate of loss in an individual is very difficult, and
requires many measurements over several years with meticu-
lous quality control of the measurements.

Table 13 shows a summary of the considerations involved in
interpreting lung function changes.

Do INTERFRETATION

The lower 5th percentile of the reference population should be
used as LEN for DLCO and KcO (if the latter is used).
Table 14 presents a scheme to grade the severity of reductions
in DLCO.
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The pathophysiclogical importance of this test has been
recently reviewed [144, 145].

Interpreting the (J1,C0O, in conjunction with spirometry and
lung volumes assessment, may assist in diagnosing the
underlying disease (fig. 2). For instance, normal spirometry
and Iung volumes associated with decreased DLCO may
suggest anaemia, pulmonary vascular disorders, early ILD or
early emphysema. In the presence of restricton, a normal
DLCO may be consistent with chest wall or neuromuscular
disorders, whereas a decrease suggests ILDs. In the presence of
airflow chstruction, a decreased DL,CO suggests emphysema
{146], but airway ebstruction and a low DL.CO are also seen in
lymphangioleiomyomatosis [147]. [Patients with 1LI, sarcoi-
dosis and pulmonary fibrosis usually have a low DrL,CO {135-
137, 140]. A low DL,CO is also seen in patients with chronic
puimonary embolism, primary pulmonary hypertension {148],
and other pulmonary vascular diseases. These patients may or
may not also have restriction of lung volumes J149].

Ahigh DL,CO is associated with asthma [150], obesity [151] and
intrapulmonary haemorrhage {152}

Adjustments of DLCO for changes in haemoglobin anc
carboxyhaemoglobin are important, especially in situation
where patients are being monitored for possible drug toxicity
and where haemoglobin is subject to large shifts (eg
chemotherapy for cancer).

Adjusting D,CO for lung volume using DL.CO/VA or DLCC
TLC is controversial {133, 154]. Conceptuaily, a loss of DL
that is much less than a loss of volume (low DL,CO but hij
D1,Co/VA) might suggest an extraparenchymal abnormalil
such as a pneumonectomy or chest wall restriction, whereas
loss of DL.CO that is much greater than a loss of volume (It
Dueo and low DLCo/VA) might suggest parenchyn
abnormalities. The relationship between D,CO and kv
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volume, however, is not linear and markedly less than 1:1, so
these simple ratios as traditionally reported do not provide an
appropriate way to normalise DLCO for lung volume [154-
153]. Nonlinear adjustments may be considered, but their
clinical utility must be established before they can be
recommended. Meanwhile, it is advisable to keep examining
DLco/Va and VA separately [153], in so far as it may provide
information on disease pathophysiology that cannot be
obtained from their product, the DL,CO.

Table 17 shows a summary on the considerations for DLCO
inferpretation.

ABBREVIATIONS
Table 16 contains a list of abbreviations and their meanings,
which have been used in this series of Tagk Force reports.

? T. il
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Evaluating Pulmonary Function Change Over Time

Introduction

Periodic spirometry testing is performed in medical screening and surveiltance programs for
workers with vartous occupational exposures and for cigarette smokers. The recent Amertcan
College of Occupational and Environmental Medicine (ACOEM) evidence-based statement,
Spirometry in the Occupational Setfing, comprehensively reviewed the issues involved in
conducting and interpreting standardized spirometry tests in occupational medicine.(1) However,
interpreting change over time was only briefly discussed in that statement and little other
guidance on assessing longitudinal change in lung function is available for health professionals.
As a result, many practitioners do not evaluate change in lung function over time, but tnstead
repeatedly determine whether each year's test results fall within the normal range. Other

practitioners evaluate change over time or "trending” but are unaware of the pitfalls that can
distort their evaluations.

Although health professionals must determine whether evaluating lung function change over
time effectively screens for a specific outcome disease,(2-4) the ACOEM Occupational and
Fnvironmental Lung Disorder Committee recognized the need to provide guidance in the
selection and use of simple measures of change over time. The Committee developed this
separate ACOEM position statement to: 1) explain the need for longitudinal analysis of
pulmonary function when evaluating employee respiratory health; 2) describe the pitfalls to be
avoided when collecting serial measurements for longitudinal analysis; and 3} recommend
simple criteria to use for flagging abnormal change in pulmonary function over time. The
statermnent's key points are summarized in Table 1. Real-life examples tllustrate the pitfalls to be
avoided and the application of longitadinal methods for evaluating pulmonary function.
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Table 1: Evaluating Change over Time
Key Points

1. Why Look at Change Over Time?

 Traditionally, lung function has been compared with average (i.e., predicted) |
values measured in asymptomatic nonsmokers similar to the worker

o Change over time compares each worker with him/hersetf and probably
detects earlier lung function loss, especially if the worker's baseline is above
average

« Consistent with OSHA intent of evaluating current and previous results
i 2. How to Evaluate?

« Longitudinal Normal Limit { LNL ) is based upon baseline results for a
specific worker

» Compare the worker's Current results to his/her LNL

! Is BASELINE result above average (>100% Predicted)?

- YES --> Method 1* for simple calculation analyzing % Predicted values

- NO > Method 2* for calculations analyzing actual {measured) values

3. Cautions - To Interpret Serial Tests:

« Spirometry must be high guality

» Timing of tests must be consistent

! » Technician traintng and quality assurance program essential
» Results interpreted by well qualified health professionals

* Note: If a screening program wants o adopt only one method to compute LNLs !
o for all workers, ACOEM recommends choosing Method 2 .

Why Examine Change Ovey Time?

Spirometry in Medical Screening and Surveillance Programs
Spirometry 1s performed periodically in screening and surveillance programs for a variety of
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occupational exposures. Qceupational Safety and Health Administration (OSHA) regulations
require periodic spirometry testing for certain workers exposed to asbestos,(5) coke oven
emissions,(6) cadmium,(7) cotton dust,(8) benzene,(9) and formaldehyde.(10) Many companies
mandate medical surveillance with periodic spirometry testing for additional exposures as well as
incorporating spirometry into their respirator medical clearance screening programs. In each
case, health professionals must evaluate cwrrent and previous test results to determine whether an
employee is at increased risk of impairment from further occupational exposure, or if any
limitations should be placed on the employee's activities or use of personal protective equipment.
However, the details of the evaluation of current and previous results are usually not specified.
The OSHA Cotton Dust Standard is only slightly more explicit than the other OSHA regulations
listed above, stating that "a determination [shall be] made by the physician as to whether there
has been a significant change [between the current examination results and those of previous
examinations]."(8)

Comparing Observed with Cross-sectional Predicted Values

Traditionally, an individual's measured lung function has been compared with a "predicted”
value, i.e., the average expected for an asymptomatic non-smoker of the subject's age, height,
race/ethnicity, and sex. Many sources of predicted values have been derived from studies of
asymptomatic non-smoking populations, and some applications require the use of specific sets of
prediction equations. Selection of reference values has been reviewed elsewhere.(1,11-15) The
comparison of observed with predicted values is usually summarized in a numerical index, the
percent of predicted (% Pred). Lower Limits of Normal should be determined for the prediction
equations in use, and the individual's measured results are then interpreted relative to the normal
range as normal or abnormal, and possibly impaired. Since Lower Limits of Normal generally
decrease with age, the use of 80% Pred as a Lower Limit of Normal for all age groups is no
longer recommended.(11) Definitions of the Lower Limit of Normal, choice of measurements for
evaluation, and definitions of airways obstruction have evolved over time,(1,11) but the
approach of comparing an individual with the average "predicted" from an asymptomatic
population has been widely used for decades.

Need for Longitudinal Lung Function Evaluation in Occupational Settings

In the clinical setting, patients with lung disease are often tested to determine the severity of their
disease.(3,16) In contrast, in the occupational setting, many healthy workers are tested
periodically, not because they have abnormal lung function, but to monitor their response to
potentially harmful occupational exposures. Because of their health, working populations usually
have higher levels of pulmonary function than clinic populations, and many workers have lung
function that is above average, i.e., > 100% Pred. Such individuals may lose their lung function
at an excessive rate but still remain in the normal range throughout their working lifetime and
into retirement. Remaining in the normal range does not indicate respiratory health, since their
function may drop from the top to the bottom of the normal range, but these individuals must
lose large fractions of their lung function before they will fall below the normal range. For these
workers, the widespread practice of repeatedly comparing serial test results with the traditional
normal range may not detect serious pulmonary function deterioration. Longitudinal evaluation
that compares current measured values with previously measured values, "using the subject as
his/her own control,” is needed especially for this group, as summarized in Table 2. (11,17,18)

239



Table 2: Why Examine Change Over Time?

| 1. OSHA- and industry-mandated medical surveillance programs require health
| professionals to assess respiratory health using previous and current
examination results. |

2. Traditional evaluation of pulmonary function determines whether test results
are in the normal range, which is based on asymptomatic non-smokers.

! 3. Unlike clinic patients, many workers have above average lung function, i.e.,
| >100% Pred. Such lung function can deteriorate dramatically, falling from |
the top to the bottom of the normal range, without dropping befow the normal
range. This loss of function will not be detected by simply determining

whether each year's test results fall within the traditional normal range. '

4. Health professionals must determine whether monitoring change over time 1s
an effective screening test for the outcome disease of interest.

Evaluating Longitudinal Change to Screen for Specific Diseases

While this statement provides a method for evaluating change over time, health professionals
must decide whether screening for excessive loss of function is appropriate for specific outcome
diseases of interest. Monitoring pulmonary function longitudinally may be more justified for
some exposures, e.g., smoking-related chronic obstructive pulmonary disease (COPD), than for
others.(2-4) The sensitivity, specificity, and positive and negative predictive values of excessive
loss of pulmonary function relative to the outcome disease of interest should be investigated.
Screening for excessive loss of function 1s recommended 1if the prevalence and severity of the
outcome disease are significant and if the effectiveness of the intervention or treatment balances
the financial and non-financial costs of the intervention. (19)

Pitfalls in Collecting Serial Measurements

Although "using the subject as own his/her own control" may detect pulmonary function declines
that are missed by comparisons with predicted values, practitioners who analyze longitudinal
spirometry data are often unaware of the pitfalls that can invalidate their conclusions. Since both
technical and biological factors affect spirometry results at each test session, practitioners should
attemnpt to hold these factors constant if longitudinal analysis is anticipated. (20-25) Failure to
control these factors produces extraneous variability which may be interpreted as an excessive
loss or gain of lung function. Therefore, users of spirometry data should appreciate the effects of
technical and biological factors on measurements and be prepared to evaluate test quality and
reject inadequate tests before evaluating change over time. Sources of technical and biological
variability are summarized in Table 3.
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Table 3: Pitfalls in Collecting Serial Measurements

| 1. Standardize and Document the Testing Protocol, Equipment Used, and All
Changes in Protocol or Equipment.

2. Technician Training and Periodic QA Audits of Spirograms !
3. Equipment

- Minimize unnecessary equipment changes

- Minimize changes in spirometer configuration

- Insure spirometer accuracy
a. Laboratory testing of spirometer submitted by manufacturer
b. Calibration or calibration checks at least daily when in use
¢. On-going scrutiny of spirograms and patterns of test results

- Retain calibration records indefinitely

4. Biological variability

- Standardize time of day and season of testing to evaluate long-term
change

- Postpone testing for 3 days if subject feels ill, for 3 weeks after severe
respiratory or ear infection, for 1 hr afier smoking, use of bronchodilator, or
a heavy meal, and until medically approved after surgery.

Technical Variability

Standardization and Documentation of Testing Technique and Equipment

Spirometry testing procedures, type of spirometer, and spirometer maintenance and quality
assurance (QA) checks should be standardized across location and time, particularly if
longitudinal analysis of lung function measurements is anticipated. Current American Thoracic
Society (ATS) recommendations were summarized in the recent ACOEM spirometry statement.
(1,26) Testing procedures and equipment used should be fully documented, and the
documentation should be updated whenever changes occur. Standardization and documentation
are particularly important if testing is contracted out to multiple vendors over time. In fact,
frequent changes in vendor and/or poor vendor quality control of testing may preclude any
meaningful longitudinal evaluation of results. Equipment malfunction and errors in testing
technique can cause measurements to be falsely elevated or reduced.(1, 26-32) Some technical
errors cause increased variability that is random, though many problems cause results to be
biased. When a series of erroneous measurements is examined, healthy workers may appear
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to "decline,"” while others' deteriorating function may be masked by the noise in the
measurements. Figures 1and 2, discussed below, illustrate the difficulty in evaluating change
over time using technically flawed measurements. A summary of technical errors that raise and
lower test results is available on the Internet. (31)

Figure 1. Poor Coaching Reduced the FVC and FEV1
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Testing Technigue

Health professionals should develop a written testing protocol and insure that technicians
understand and follow the specified procedures. The many details involved in conducting tests
and maintaining equipment may be easily misunderstood, resulting in non-standardized testing
procedures. The details of the testing procedures should be spelled out in the written protocol,
e.g., the definition of end-of-test [recording to a forced vital capacity (FVC) plateau vs. recording
for a specified number of seconds], testing posture [standing vs. sitting], minimum number of
acceptable maneuvers to be recorded, criteria for rejecting a maneuver, i.e., what makes a
maneuver "unacceptable,” and whether to print out curves during a test for coaching if there is no
real-time graphical display. Changes in the testing procedures over time should be documented.
Figure I illustrates the effect of poor coaching which elicited only sub-maximal inspirations
from an employee who had recovered from pleurisy but appeared not to have retumned to his
baseline level of pulmonary function. When an experienced technician urged the employee to
tnhale maximally, his FVC and forced expiratory volume in one second (FEV/) results increased
by 0.8 and 0.5 L, respectively, returning to their baseline levels. The variability introduced by
inconsistent testing technique, such as that shown in Figure [, probably precludes meaningful
evaluation of change over time.(18)

Spirometry training courses such as those approved by the National Institute of Occupational

Safety and Health (NIOSH) are recommended, and NIOSH is developing a course-approval web
page and reorganizing its program to insure better standardization among courses.(1, 26) A
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single vendor should provide training for all technicians at a location, if feasible, and training
should be followed by supervised on-the-job testing experience (26) and QA review of
spirograms for technical quality.(26, 33, 34) Periodic Refresher courses are recommended (1)
and QA reviews of spirograms should be continued indefinitely, perhaps conducted at least on a
quarterly basis.

Equipment

When longitudinal evaluation is anticipated, equipment variability should be minimized across
locations and time. Variability may be increased if different spirometers are used, if calibrations
or calibration checks are not performed correctly and consistently, or if spirometer temperatures
vary widely.(35) Recommendations to minimize equipment variability are presented below.

1. Minimize unnecessary equipment changes
Unnecessary equipment changes should be avoided if longitudinal analysis of results is
anticipated, though excessively variable spirometers should be replaced by instruments
with greater precision. The ATS recommends that spirometers should be accurate to
within +/-3% of the volume introduced into a spirometer, so a spirometer meets
minimum criteria for accuracy if it records between 2.91-3.09 liters when a 3.00 liter
volume is introduced. But since variability exists both within and between spirometers, a
3-liter subject could record 3.09 liters on one spirometer and 2.91 liters on a different
spirometer, even though both spirometers met minimum accuracy requirements.(18)
Some variation between spirometers may be due to their different mechanisms for
determining volume or their use of variable disposable sensors. Some flow-type
spirometers measure slightly different volumes when air passes through the sensor at
different speeds, while volume-type spirometers are less affected by the speed of air
entering the spirometer. Some spirometer sensors may also be subject to changes in
calibration over time. Table 4 gives one example of varying volumes recorded by a flow-
type spirometer when a 3-liter syringe was injected at different speeds during a
calibration check, as described below. Though all of the values are within the acceptable
range of 2.91-3.09 L, this spirometer clearly records lower volumes when airflow is

slower.
Table 4:
: 3 L Injected into a Flow-Type Spirometer at Various Speeds
| Injection Speed (L/s) ‘ Recorded Volume (L) *
0.52 : 2.94
0.98 ’ 2.98
333 : 3.01
5.45 : 3.08
* Recorded volumes from 2.91-3.09 meet minimum standards of accuracy.
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2. Minimize changes in spivometer configuration
Most spirometers permit users to customize various aspects of data-saving and reporting
during testing. Often, there is a choice of how many maneuvers' results should be saved
and reported [users should choose "all data" and "all curves”, which spirometry
measurements to save and report [users should choose FEV,, FVC, or forced expiratory
volume in six seconds (FEV), FEV1/FVC or FEV /FEV¢, PEF and forced expiratory
time (FET) if available, unless other requirements apply], and which values are selected
from the maneuvers attempted [users should choose maximum FEV,, maximum FVC or
FEV, maximum PEF, and not the "best curve" FEV, and FVC values].(26) It should be
noted that many regulations do not permit measurement of the FEV, in place of the FVC.
Any changes in spirometer configuration over time or across locations should be
documented. Changing the spirometer's configuration may change the data that are saved
and reported, which will adversely affect longitudinal analysis of lung function.

3. Spirometer accuracy
several steps help to insure that spirometers function accurately.(1) First, the ATS
recommends minimum acceptable levels of accuracy and precision for spirometers.(26)
Second, an independent testing laboratory injects 24 standard waveforms into spirometers
that are submitted by manufacturers for evaluation, and analyzes the spirometer
responses.(26) If a spirometer passes the laboratory testing, a letter is issued stating that
the spirometer completed testing following the 1994 ATS Spirometry Update protocol for
evaluating diagnostic spirometers. Users should request a copy of this letter, specifically
citing the 1994 ATS testing protocol, from their spirometer manufacturers.(1)

However, passing laboratory testing does not guarantee continued functioning, so the
third step in insuring that the spirometer works properly is to regularly check the
calibration of the spirometer before it is used for testing.(1) These checks are performed
at least daily when the spirometer is in use and more frequently if many subjects are
tested. Calibration checks performed at the end of the testing session confirm the status of
the spirometer during the preceding tests. Calibration checks are decision-making
prompis: if the spirometer fails a properly performed calibration check, the spirometer 1s
out-of-calibration and should not be used for subject testing. Though the ATS
recommends checking the calibration every four hours and whenever temperature
changes occur,(26) the frequency also depends on how many tests the health professional
can afford to discard and repeat if a calibrated spirometer loses its calibration.

Spirometer calibration is either sef or verified during the "calibration” routine; users
should consult their manufacturer to determine which procedure 1s performed for their
spirometer. If calibration is verified, the 3 L should be injected once at a moderate speed
for a volume spirometer and 3 times, at slow, medium, and fast speeds (e.g., over | 5,3 s,
and 6 s) for flow-type spirometers.(1, 26) If calibration is set, the 3-I. volume should be
injected at the speed specified by the manufacturer; after the calibration is set, flow-type
spirometer accuracy should be verified at 3 speeds of injection using a manufacturer-
recommended protocol. For flow-type spirometers with disposable sensors, it is prudent
to perform a calibration check using the sensor that the subject will use,(37) but if this 1s
not feasible, sensors used for calibration should at least be drawn from the same batch as
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those used for subject testing. Technicians should avoid the incorrect practice of using
one sensor for calibration checks over extended periods of time while changing the
subjects' sensors.

. The calibration syringe must be accurate: syringes can be calibrated annually and
checked for leaks periodically by trying to empty the syringe with the outlet blocked.(26)
Store the calibration syringe near the spirometer in the testing environment, and perform
calibrations and calibration checks in that environment. [t is unacceptable to perform
calibrations or checks in a warm environment to guarantee that the spirometer passes the
calibration, and then move the spirometer into a colder environment, e.g., an unheated
mobile testing van, for subject testing. If the testing environment can be maintained at 23
degrees C (73 degrees F) or above, testing errors due to cold temperatures will be
minimized;(35) the ATS sets a minimum spirometer temperature at 17 degrees C.(11)

Volume-type spirometers should also be checked for leaks, daily and whenever breathing
hoses are changed. The current ATS acceptable leak level is 0.01 I/'min, though a slightly
larger leak may be tolerated under revised ATS recommendations that are under
development. If a chart recorder is used, the chart speed should be checked quarterly,
along with linearity of the volume measurement.(26)

Finally, attention has recently been drawn to the fact that serious problems can develop
during testing even after the spirometer passes its calibration checks.(30, 38) Particularly
with flow-type spirometers, problems can develop due to faulty zeroing or contamination
of the sensor, causing anomalous results and spirograms with unusual shapes. Therefore,
even after calibration checks indicate that a spirometer is acceptably accurate, users
should evaluate visual patterns in spirograms and be watchful for unlikely patterns of
elevated results during testing.(30, 31, 38) Such vigilance is particularly important when
longitudinal analysis is planned since falsely elevated baselines will exaggerate the loss
of function over time in many individuals, while falsely elevated follow-up test results
will have the opposite effect.

Save calibration records indefinitely

Calibration records support the accuracy of employee spirometry tests conducted on the
calibration date, and should be saved indefinitely.(39) When contracting out to vendor(s),
users should obtain and save records from all calibrations or calibration checks performed
while testing is conducted at their facility. If problems with test results are discovered
later, calibration records may provide the solution to the problems. Figure 2 presents 3
years of spirometry surveillance results, showing that 5 out of 6 employees experienced
significant declines in their FVC in April, 2002. The mean FVC for the 6 employees
declined by 1.1 L from the previous test 18 months earlier, but then returned to baseline
levels on further testing 2 months later. Calibration records later revealed that the
spirometer used in April, 2002 was calibrated incorrectly, causing subject volumes to be
grossly under-recorded, and producing the apparent FVC declines. As with errors in
testing technique ( Figure 1), such increased variability probably precludes meaningful
evaluation of change over time.(18)
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Flgure 2. Incorréct Calibration Reduzed the FVT
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Biological Variability

As airway caliber changes, spirometry measurements demonstrate diurnal (within a day) and
seasonal (within a year) variability, so that time of day and year should be standardized when
collecting serial measurements for long-term longitudinal analysis, Though diwrnal variability, in
particular, gives important information when short-term changes are evaluated, ¢.g., due to
asthma, these factors should be controlled when long-term change in function is the outcome of
interest. Many medical surveillance programs conduct examinations on the employee's birthday,
so that seasonal variability is controlled.

Other factors may also affect test results and should be queried before conducting a spirometry
test.(32) NIOSH recommends that testing be postponed for three weeks if the subject has had a
recent severe respiratory infection. The test should be postponed for one hour if the subject has
had a large meal, smoked a cigarette, or used a bronchodilator within the last hour. The one hour
postponement can sometimes be achieved by performing the spirometry test later in a physical
examination. If it is not feasible to postpone a test, these factors should at least be documented
on the report of test results.

What Is a 'Significant Change' Over Time?

Because measurement variability strongly affects estimates of change in lung function over time,
the expected rate of change is not as well defined as the cross-sectional "predicted" value.
Definitions of "significant change" should minimize false negatives and false positives;
deteriorating lung function should be detected early enough to permit the rate of loss to be
slowed and the remaining function to be preserved, but at the same time, workers should not be
labeled as having "significant loss" if they are not developing impairment. Definitions of
"significant change” should be simple to apply even when practitioners do not have access to
sophisticated statistical programs. The current ACOEM recommendations for evaluating change
over time are summarized in Table 5.
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Table 5: What Change Over Time Is 'Significant'?

1. Quantifying Change over Time

o Method 1 for Baselines >100 % Pred* . Calculate Decrease
in FEV1 % Pred or FVC % Pred from Baseline to Follow-up

o Mecthod 2 for Baselines <= 100 % Pred* : Calculate |
Decrease in Measured FEVI or FVC from Baseline to |
Follow-up

» Fit "Slope" through Periodic FEV1s or FVCs over |
&gt; 4-6 Years

2. What Change Is "Significant"?

« Method i*: Follow-up FEVI% Pred or FVC % Pred falls
below Longitudinal Lower Limit of Normal (LNL) =

[Baseline % Pred x 0.85] (See Table 6)

» Method 2*: Follow-up Measured FEVI or FVC falls below
Longitudinal Lower Limit of Normal (LNL) =

[0.85 x Baseline Measured Value - (Baseline Pred - Follow-
up Pred)] (See Table 7)

» Slope Steeper than 90-100 ml/yr over 4-6 or More Years
| 3. What If Change Appears to be "Significant™?

» Re-test to Confirm Low Value

» Provide Medical Evaluation, even if Test Re.sults Remain in |

the Traditional Normal Range. |

* Note: If a screening program wanis to adopt only one method fo compute
I LNLs for all workers, ACOEM recommends choosing Method 2 .

Length of Follow-up and Frequency of Testing
Estimates of individual rate of change become more precise as follow-up time increases, and
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only large losses of function can be reliably detected over short time periods, e.g., <2 years. To
estimate longer term trends in an individual's FEV | or FVC, spirometric measurements should be
made over at least 4-6 years using standardized equipment and testing techniques.(1,20-24,40)
Precision is less affected by measurement frequency than by length of follow-up,(1,20,21,39) but
periodic measurements are needed to detect workers experiencing rapid declines in pulmonary
function and to detect systematic differences between examinations over time.(1,21,23,40)

ACOEM recommends that spirometry should be conducted every 1-2 years when indicated
because of workplace exposures, unless otherwise specified by applicable regulations or
recommendations.(1) The frequency of testing may vary with age and length of exposure as in
the National Fire Protection Association (NFPA) examination protocol, which recommends
spirometry testing every 3 years for fire fighters under age 30, every 2 years for ages 30-39, and
annually for ages 40 and above.(41)

Evaluating and Defining ‘Significant Change'’

Loss of FEV or FVC over time can be estimated simply by evaluating the difference between
measurements at two points in time, or by fitting a least squares "slope" through an individual's
periodic measurements.(1) Though epidemiologic studies often use complex statistical methods,
this statement focuses on two simple approaches to use when evaluating individual workers:
Method 1 (for BASELINE results > 100% Pred) evaluates change in FEVI % Pred or FVC %
Pred over time; and Method 2 (for BASELINE results <= 100% Pred) evaluates change in
measured FEVI or FVC over time. Method 1 is important because it provides a simple and more
sensitive definition of abnormality for employees with above average baseline [ung function.
However, if a medical program wishes to adopt only one method for all workers, ACOEM
recommends choosing Method 2, as recommended in the previous ACOEM Statement.(1)

Method 1. for BASELINES >100% Pred: Evaluate Change in % Pred

Method I provides a simple Longitudinal Lower Limit of Normal (LNL) for FEVI%
Pred and FVC% Pred for individuals whose Baseline results exceed 100% Pred. The
LNL should identify workers with accelerated lung function decline even though they
remain in the traditional normal range. An employvee is expected to remain above the LNL
as he/she ages. Using the current estimate of 15% year-to-year measurement
variability,(11) the Baseline % Pred is multiplied by 0.85 to obtain the LNL. Note that the
same set of reference values (prediction equations) must be used for baseline and all
Jollow-up tests.

Method 1: Longitudinal Lower Limit of Normal (LNL) for
Follow-up FEV; (or FVC) % Predicted = [0.85 x Baseline % Predicted)].

Table 6 and Figure 3 present FVC results for a 66-inch tall Caucasian woman, tested
periodically from age 30-50 years. Her baseline FVC was 4.39 L, or 109% Pred, based on
the National Health and Nutrition Examination Survey (NHANES) prediction
equations.{12) At age 50, her FVC was 84% Pred. When each test was simply compared
with the traditional normal range, all of her measured FVCs were above the traditional
lower limit of normal and she appeared to be "normal.”
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However, evaluating her results relative to her own baseline value leads to a different
conclusion. For her baseline FVC of 109% Pred, the TLNL is [0.85 x 109%] = 93% Pred.
As shown in Table 6, each of her tests remained above 93% Pred until age 50, when her
result fell below the LNL, If this low value is confirmed by a re-test, she should be
medically evaluated, even though her results remain within the traditional normal range.
(17,42)

This example illustrates the insensitivity of repeatedly comparing periodic test results
with the traditional normal range, particularly for employees with above average levels of
puimonary function. When baseline values exceed 100% Pred, lung function must
decline dramatically before test results will fall below the traditional normal range.
However, longitudinal evaluation using a LNL will be more sensitive to possible
accelerated lung function decline.

| (Figure 3). Ts her FVC loss "significant" at age 507

| Since Baseline FVC > 100% Pred , determine a Longitudinal Lower Limit of

Table 6: Is This a Significant Decline in % Predicted?

A 66-inch tall Caucasian woman was tested periodically from age 30 - 50 years

Normal ( LNL ) for % Pred. The subject should remain above this LNL as she

ages.

| Age FVC ‘ FVC% | Lower Limit of Traditional
<l @ | Pred Normal Range
30 | 439 | 109 3.29
35 422 | 106 2 3.26
40 & 382 97 3.21
45, 412 | 106 3.14

1 50 3.17 84 i 3.05 }

o Use Method I to calculate the LNL for Follow-up % Pred.

Longitudinal Lower Limit of Normal (LNL) =
Baseline % Pred x 0.85 = 109% x 0.85 = 93% Pred.

¢  FVC remains > 93% Pred until age 50, when it falls to 84% Pred. If
retest confirms this low value, medical review is recommended, even
though her FVC remains in the traditional normal range.
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Method 2. for BASELINES <= 100% Pred: Evaluate Change in Measured Values
ACOEM recommends Method 2 to calculate a Longitudinal Lower Limit of Normal
(LLNL) particularly for employees with Baseline results <= 100% Pred.(43) However,
some medical programs may want to adopt only one LNL method for all workers. In that
case, Method 2 can also be applied to workers with Baselines > 100% Pred, since both

methods give the same results for this group. If only one method will be used for all
workers, ACOEM recommends choosing Method 2 to compute the LNL.(1)

A "significant”" decline should exceed both: 1) year-to-year measurement variability,
currently estimated at 15%; (11) and 2) the expected age-related decline, which can be
calculated as the difference between the baseline and follow-up predicted values.(1, 39,
42} These factors are used below to determine the LNL for follow-up test results. An
employee is expected to remain above the LNL as he/she ages. Note that the same set of
reference values (prediction equations) must be used for the baseline and all follow-up
fesis.

Method 2: Longitudinal Lower Limit of Normal (LNL)
Jor Follow-up Measured FEV; (or FVC) =
[0.85 x Baseline Measured Value - (Baseline Predicted - Follow-up Predicted)].

Table 7 and Figure 4 present FEV | results for a 65-inch tall Caucasian woman, tested
annually from age 67°C73 years. Her baseline FEV; was 2.42 L, or 97% Pred, based on
the NHANES prediction equations.(12) Though a LNL was computed for each test date,
only the age 69 results are evaluated here. As illustrated in Table 7, the LNL at age 69 is
2.00 L, i.e., the FEVI could drop as low as 2.00 L at age 69, due to measurement
variability and aging alone. Since the age 69 test result is below 2.00 L, the FEV1 decline
may be "significant” and should be medically evaluated if the low result is confirmed by
a re-test.(17,41) Figure 4 shows that the FEV; remained below the LNL for all
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subsequent tests, though it did not fall below the traditional normal range until several
years later, at age 73. This subject’s deteriorating lung function was.identified by
longitudinal evaluation 4 years earlier than it would have been detected by comparisons
with the traditional normal range.

Table 7: Is This Decline Significant?

A "significant” loss of FEV, should exceed year-to-year measurement
variability and expected loss due to aging.

i A 65-inch tall 67- year old Caucasian worman with Baseline FEV <= 100%

I Pred was tested annually; biennial results are shown below. Longitudinal
Lower Limits of Normal (LNL) were calculated for each test ( Figure 4). Has
her FEV, declined "significantly” by age 697

Ageg FEV, | Pred | FEVi% | Longitudinal Normal

(L) FEV, Pred Limit (LNL) j
167 1 242 | 249 | 97 2.06 ;
169 193 1 243 )} 79 ! 2.00
7L 182 4 237 1 7T 1.94 !
|73 0161 0 230 1 70| 1.87 |

« Using Method 2, ailow 15% measurement variability.
[0.85 x Baseline FEV; ] =0.85x 242 L =2.06L
» Calculate expected aging effect:
[Baseline Pred FEV; - Pred FEV; at Age 69] = 249 L "C243L =0.00L

o Calculate Longitudinal Normal Limit (LNL) for follow-up FEV,

[0.85 x Baseline FEV - Expected Aging Effect] = 2.06 - 0.06 = 2.00 L

o Her FEV; at age 69 should be >=; 2.00 L (LNL). Since her FEV),
(1.93 L) is < LNL, she should be retested to confirm this result.

o It confirmed, medical review is recommended, even though the
J FEV| remains in the traditional normai range until age 73, as |
shown in Figure 4. :
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Figure 4. FEVE Drops Significantly by Age 88 -
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Initial Identification vs. Progression

Once a worker is identified as having impaired lung function, ATS recommends a less
conservative definition for evaluating progression of disease, since both the measured
volumes and the percents of predicted are smaller than for the healthy individuals
discussed above. In the statement on "Idiopathic Pulmonary Fibrosis: Diagnosis and
Treatment," ATS and the European Respiratory Society (ERS) recommend interpreting a
loss of 10% or more of the measured baseline VC (or at least 0.20 L) as a "failure to
respond to therapy,” i.e., a significant decline, if the change is accompanied by parallel
changes in single-breath diffusing capacity or oxygen saturation 6 months afier the
baseline test.{44)

In addition, an increase from the measured baseline VC of 10% or more (or at least 0.20
L) is interpreted as a significant improvement if the change is accompanied by parallel
changes in single-breath diffusing capacity or oxygen saturation and is maintained for
two consecutive visits within a 3-6 month period.

Changes smaller than +/- 10 % of measured baseline VC (or < (.20 L) maintained for
two consecutive visits within a 3-6 month period indicate stable pulmonary function.(44)

Fitting a Least Squares ‘Slope’ through Periodic Measurements

Calculating a best-fit line of lung function measurements on test date requires more
computational capability than calculating differences, but can be programmed or
computed on a calculator. Based on reviews of the longitudinal spirometry literature, the
previous ACOEM spirometry statement recommended that an FEV, or FVC decrease of
90-100 ml/ year, calculated over at least 4-6 years, should trigger further medical
evaluation of pulmonary function.(1,21,24,45) Though this area remains one of current
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investigation, neither longitudinal predicted values nor 5th percentile LLNs have yet been
recommended for the evaluation of individual rates of change over time in occupational
or clinical settings.(1,21,46)

Conclusion

As summarized in Table 1, longitudinal evaluation of pulmonary function should be considered,
particularly in the occupational setting, because many workers have above average levels of
pulmonary function (i.e., >100% Pred). Such high levels of lung function can deteriorate
substantially, falling from the top to the bottom of the normal range, without dropping below the
normal range. This loss of function may not be detected by the common practice of simply
determining whether each year's results fall within the traditional normal range.

To address this problem, ACOEM recommends simple methods for comparing an employee's
periodic spirometry results with a Longitudinal Lower Limit of Normal (LNL) specific for that
employee. Starting with an individual's baseline lung function level, the LNL describes the
lowest results that might be expected for his/her lung function during follow-up, due to normal
aging and measurement variability. Test results falling below the LNL may indicate significant
deterioration of pulmonary function. However, to make such evaluations possible, spirometry
data must be collected carefully, following standardized protocols. The rate of false positives will
be high if test variability is not minimized through QA protocols, standardized testing
procedures, and the continuity of well-maintained equipment.

Based on current recommendations, ACOEM recommends two methods to compute a worker's
LNL. Method 1 (for employees with BASELINE results > 100% Pred) computes a simple LNL
for the follow-up FEVI % Pred or FVC % Pred using [Baseline % Pred x 0.85]. Each serial test
can be compared to the LNL to determine whether the worker's pulmonary function has
deteriorated significantly relative to his/her own baseline result. This approach is shown in detail
in Table 6and Figure 3.

Method 2 (for employees with BASELINE results <= 100% Pred) computes a LNL for the
measured FEV; or FVC using [0.85 x Baseline Measured Value - (Baseline Predicted - Follow-
up Predicted)]. Each serial test can be compared to the LNL to determine whether the worker's
pulmonary function has deteriorated significantly relative to his/her measured baseline value.
This approach is shown in detail in Table 7and Figure 4. (In addition, if a medical program
wishes to adopt only one method for all workers, ACOEM recommends choosing Method 2 to
calculate the LNL. Both methods give the same results if a worker's Baseline exceeds 100%
Pred, but only Method 2 should be used for those with lower Baseline values.)

If a test result falls below the longitudinal LLN calculated using either method, it should be
confirmed by a re-test. Once confirmed, medical evaluation is recommended, even if the test

results remain in the traditional normal range.

Finally, if multiple measurements are available over 4-6 or more years, a slope of lung function
measurements over time can be calculated. ACOEM recommends that slopes that are steeper
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than 90-100 ml/yr should be flagged as significant losses of function, even if the worker's test
results remain in the normal range.

Acknowledgement: This ACOEM guideline was developed by Mary C. Townsend, DrPH , and
members of the ACOEM Occupational and Environmental Lung Disorder Committee under the
auspices of the Council on Scientific Affairs. The guideline was peer reviewed by the Committee
and Council and by John L. Hankinson, PhD, and William L. Eschenbacher, MD. It was
approved by the ACOEM Board of Directors on July 26, 2003.
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Appendix I—Checklist for Evaluating
Spirometry Services
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NISA Occupational Health Program

Checklist for Evaluating Spirometry Services

Though not & comprehensive listing, this checkdist can assist in evaluating the proficiency of 2
spirometry testing providar.
Standardization

N Does the spirametyy testing provided maet the requirements of the ATS "Standardization of
Spirometry—1994 Update™?

¥ Are the criterfa of the ATS “Standardization of Spiremetny—1994 Update” spacified In any
agreement for services or Cited by the cantractor In a discussion of services to be provided?

Techrnicians

N Have spirometty technicians successfully completed a MIOSH-approved course in spirometry?
thany providers advertise that their techniclans are MOSH-approved or certified, but MOSH
approves enly the curse, not individuals.

N Does the technician eficit vigerous subject effort in performing the forced expiratory manauver?

® Dogs the tachnician observe the subject and instruments to detect faulty technique during
testing?

¥ Doses the technician obtain a minimum of three atceptable forced expiratory volume manet-
vers an each subject?

Spiromaeter
W Does the provider use a dry-rolling-seal spirometer?

B Has the instrument been Independently tested 2t the LDS Hospltal, Salt Lake City, Utah, in the
laboratory of Drs. Gardner and Craps?

& Does the provider Fave a copy of the results of the tests by Drs, Gardner and Crapo on the in-
strumnent being used?

| Does the provider calibrate the spirometet dally, using a 3-liter syringe sccording to ATS reg
smmendations?

Measuremeants

W Does the provider measure FYC and FEY, and express thedr ratic (FEV/FVCI)Y

Nots: Some providers report mean forcet expiratory flow at the middle portion of the FWC
{FERucy; 25 FEFasg oo has much farger intrasubject varlability, has a wider normal rangs, and &
lass sengitive thas FEV.FYC%. For these and other reasons, FEF, . b rot generally racom-
mended for occupational survefilante programs.

B Are the spirometry rasults corrected to BYPS?
¥ Are pradicted FC and FEY, comrectad for non-Caucasians by multiplying results by $.857

¥ Are the observed values compared with oredicked values from Keudson's equations in aceor
dange with ATS standlards?
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NISA Occupational Health Program

Checklist for Evaluating Spirometry Services

Reporis

% I addition tocomparison with pradicted normals, doss the provider compare sedal rasufts fre-
peat testing) from an indndelual and report significant changest

B Age the splromotty resulis reported 1o the company in an anderstandable manner?

B oes the providet or company netify individual workers of results and ansiver quastions satis.
- factorily?
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Appendix J—29 CFR 1910.134, Appendix C

OSHA Respirator Medical Evaluation Questionnaire
(Mandatory)
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APPENIHKN C TO §1810.13% OSHA RESPIRATOR
MEDICAL EVALUATION QUESTIONNAIRE (Man-
DATORY}

To the employer: Answers to questions in
Section |, and to question 9 In Section 2 of
Fart A, do not require a medical examina-
Lo,

To the employee:
€an you read (circle onel: Yes/Ng

Your employer must allow you to answer
this guestionnalre during normal working
hours, or at a time and place that s conven.
ient to you. To maintain your confiden-
tlallty, your employer or supervisor must
not look at or review your answers, and your
employer must tell you how to deliver or
send this questionnaive to the health care
arofessional who will review it

Part A. Section 1. (Mandatory}) The fol.
lowing information must be provided by
every employee wha has been selected to use
any type of respirator (please print}.

L Today's date:

2. Your name:

3. Your age (to nearest year):

4. Sex (circle one}: Male/Female

5 Your height: _ fr.___In.

6. Your weighy: _ Ths

7. Your job title:

% A phone number where you can be redched
by the health care professionsl who re-
views this questionnaire [inciude the Arca

Code}: ...
$. The best time te phone you at this num-

bar:
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It Has yeur employer told you how to con-
tact the health care professional whi will
review this guestionnaire (virele one): Yes/
Na

il Check the type of respirator you will vag
{you can check more than one category):

a. N, R, or P disposable respirator (fl-
ter-mask, non-carteidge type only).
b Other type {for example, half- or

full-facepiece type, powered-air puri-
fylng. supplied-air, self-cormained breath-
ing apparatus).
12, Have you wors a respirator (cirele onel:
Yes/No
T If"yes" what typel(s):

Part A. Section 2. (Mandatory) Questions ©
through § below mwust be answered by every
employee who has been sslected té use any
type of respirator (please circle “ves" or
"'ne'y.

I. Do you currenily smoke tobaceo, or have
you smoked tobaces in the last menth:
Yes/No

2. Have you ever had smy of the following
conditions?

a. Selrures {fits): YesiNo

b. Diabetes sugar disease}: Yes/No

¢. Allergle reactions that lsterfere with

wour breathing: Yes/No

d. Claustrophobla (Fear of clused-in places):

Yes/No
& Trouble smelling odors: YesiNo

3. Have you ever had any of the following pul-

manary or lung problems?

a. Asbestosis. YesNo

b, Asthma: Yes/No

¢ Chronde bronchitis: Yes/Ne

d. Brnphysema: YesiNo

& Preumonis YesiNo

. Tubsreulosis: Yes/No

g Silicosis: Yes/No

h. Pneumothorax {collapsed lung): Yes/No

. Lung cancer: Yes/No

J- Broken ribs: YesiNo

k. Any chest Injuries or surgeries: Yes/No

L Any other lung problem that you've been
tald about: YesiNo

4. Bo you currently have any of the fullowing

symptoms of pulmonary or lung tilness?

a, Shortress of breath: YesNo

b, Shortress of breath when walking fast
or: Ipvel ground or walking up a slight
hill er incline: YesfNo

¢, Shortaess of breath when wallking with
other people at an ordinary pace on fevel
ground: Yes/No

d, Have to stop for breath when walking at
youy own pace on Jeved ground: YesiNo

e. Shortness of breath when washing or
dressing yourself YesiNo

f. Shoreness of breath that interferes with
your Job: YesfNo

g Coughing thae produces phiegm {thick
sputum): YesiNo

2¢ CFR Ch. XVII (7+1-05 Ecilfion)

h. Coughing that wakes you early in the
maoreing: YesNe
i, Coughing that ovcurs mostly when you
are lying down: Yes/Nn
- Coughing up blood in the last raonth:
YesiNa
k. Wheezing: Yes/No
i Wheezing that interferes with your job:
YesMNe
m. Chest pain when you breathe deeply:
YasNa ]
. Any other symeptoms that you think
may be related to lung problems: Yes/No
5, Have you ever had any of the following cer-
diovascular or hoart groblams?
a, Heart attack: Yes/No
b, Stroke: YesNo
€. Angina: YesiNo
d. Heart failure: YesiNo
e. Swelling tn your Jegs or fest {not caused
by walking}: YesiNo
f. Heart arvhythinta theart besting irregu-
farly): YesiNo
#. High blood pregsure: Yes/No
h. Any other heart problem that you've
boen told about: YesiNo
B, Have you pver Irad any of the foHowing car.
‘diovasendar or héart symatoms?
4. Frequent paln or tightress in your
chest: YesiNo
it. Pain or tightness in your chest durlng
physical activity: Yes/Ke
¢. Paln or tightpess in your chest that
interferss with your job: YesiNo
4. In the past two years, have you notlced
your heart skipping or missing & beat:
Yes/Na
e, Heartbupn or ipdigestion that is not re-
lated 10 sating: YesNo
f. Any other symptoms that you think may
be related (o hewrt or circulation prob-
- lems: YasfNo
7. Do you currently take medication fer any
of the following problems?
& Breathing or lung problems: YesiNo
b. Heart trouble: Yes/No
¢ Bleod pressuce: Yes/Ne
d. Selzimes (fitsh Yes/No
. Af you've used a respirator, have you ever
had any of the following probliems? (H
yoir've never used a resplrator, check the
following space and go to question §)
a. Eya frritation: YesfNo
b. Skin allergies or rashes: Yes/No
o Anxiety: YesiNo
d. General weakness or fatiguet YesNo
¢. Any other probiem that Interfores with
your use of a respirator: YesiNo
9. Would you ltke to talk to the health care
professionzl who will review this ‘gues-
tlonnalre sbout your answers te this
guestionnaire; Yesflo
riestlons i to 1§ below must be answered
by every employes who has been selected to
use either a full-facepiece. respliator or a
saif-contained breathing apparatus SUBA)L
For smployess who have been selocted to use

i
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other types of respirators, answerlng these
questions is voluntary,

10. Have wou cver fost vizslon in either aye
{temporarily or parmarently): YesfNo
11. Du you currently have any of the following
vision problems?
8. Wear contact tenses: Yes/No
b. Wear glasses: YesiNo
e, Calor blind: YesfNe
d. Any other eye or vislon problem: YesMNo
2. Have you ever Had an injury to your ears,
including a brolten ear drum: YesMNo
13. Do you currently have any of the following
hearing problems?
a. Difficulty hearing: Yes/No
b. Wear a hearing alth: Yes/No
<. Any other hearing or ear problem: Yes/
No
14. Have you ever had a back Injury: YesiNo
15. Do you currently have any of the following
musculoskeletal problems?
a. Weakness in any of your arms, hands,
legs, or {eet: YesiNo
b, Back pain: YesMNo
c. Difficulyy fully moving your arms and
lIegs: Yes/No
d. Fain or stiffness when you lean forward
or backward at the waist: Yes/No
e. Difficulty fully moving your head up or
down: YesMNo
f. Difficulty fully moving your head side to
side: YesiNo
g. Difficulty bending at your knaes: Yes/No
h. Difficulty squatting to the ground: Yes/
No
i Climblug a flight of stairs or a ladder
carrying maore than 25 tbs: Yes/No
j- Any other muscle or skeletal problem
that interferes with using a respirator:
YesNo

Part B Any of the following guestions,
and ather guestions not 1isted, may be added
o the questlennaire at the discretion of the
health care professional win will xeview the
questionnalre.

1. In vour present job. are you working at
high altitudes {over §800 feet} or in a
place that has lower than normal
amounts of oxygere YesfNo

If "'yes,” do you have feelings of dizziness,
shortness of breath, pounding in vour
chiest, or other symptoms when You're
working under these conditions: YesNo

2. At work or at homs, have you ever been
exposed to hazordous solvents, hazardous
alrhorne chemicals {s.g., gases, fumes, or
dust), or have you come into skin con-
tact'with hazardous chemicals: YesMNo

If “yes,”" name the chemicals if you know
them

3. Have you ever worked with any of the ma-
terlals. or under any of the conditions,
Hsred below:

a. Asbestos: Yes/No
b. Silica (e.g., In sendblasting): YesNo

§1910.134

¢. Tungsten/cobalt {e.g.. grinding or weld-
ing this materiall: Yes/No

d. Beryllium: YesiNo

e. Aluminum; YesfNo

f. Coal {for example, mining): Yes/No

g. Trom: YesiNo

n. Tire YesiNo

i, Dusty environments: Yes/MNo

1. Any other hazardous exposures: YesiNo

If "yes,”” describe these exposures:

4. List any second jobs or side businesses you
have:

. List your previous occupations:

6. List your current and previous hobbies:

7. Have vou been in the milltary seivices?
YesNg
if "yes," were you exposed to biolegical or
chemical agents (either In iralning or
cotnbat): Yes/No
8. Have wvou ever worked on a HAZMAT
team? Yes/No
9. Other than medications for breathing and
lung preblems, heart trouble, blood pres.
sure, and seizures mentioned earller in
this questionnalre. @re you faking any
other medications for any reason (includ-
ing over-the-counter medications): Yes/
Na
If “yes,” name the medications If you
know them:
18. Will you be .using any of the following
items with your respirator(s)?
a. HEPA Filters: Yes/No
h. Canisrars (for example, gas masks) Yes/

No
¢. Cartridges: Yes/No
11, How eften are you expected to use the
vespirator(s) {circle “yes” or "no” for all
answars that apply 1o you)?:
2. Escape only (no rescus); YesiNo
b, Emergency rescue only: YealNo
¢ Less than § hours per week: Yes/No
4. Less than 2 hours per day: Yes/No
e, 2 to 4 hours per day; Yes/No
f. Over 4 hours per day: YesiNo
12, During the pericd you are using the res-
pirator{s). Is your work effort:
a. Light (fess than 200 keal por hourk: Yes/
No
If “yes.”" how Tong does this period last dur-
ing the average
shift: hrs. mins.
Examples of a light werk effort are sitting
while writing: typing, drafting, or per-
forming light assembly work: or standing
while operating a drill press (1-3 Ibs.)) or con-
trolling machines.
b. Moderate (200 o 350 keal per hour): Yes/
No '
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Il "'yes,™ how long does this pericd last
during the average
shift: hrs, mins.

Examples of moderate work effort are sit-
ting while nailing or filing: driving & truck or
bus in urban traffic; standing while drilling,
nalling, perforsving assembly work, or trans-
fercing a moderate load (about 36 Ibs) ac
trink level: walking on a level surface ahout
2 mph or down a S-degree grade about 3 mph;
or puashing o wheelbarrow with a heavy load
(abrout 100 ths') on a level surface.

¢. Heayy {sbove 154 leal per hour)y: Yes/No

If “ves,” how long does this period last
during the avernge
shift: hrs. mins.

Examples of heavy work are Hfting a heavy
lnad {about 30 1bs.) from the floor to yeur
waist or shoulder: working on 4 loading dock;
shoveling: standing while bricklaying or chip-
ping castings. walking up an B-degree grade
about 2 moph: elimbing stalrs with a heavy
Inad (about 50 Ibs.).

13. Will you be wearing protective clothing
and/or equipment {other than the res-
pirator) when you're using your ves-
pirator: Yes/No

If “ves,"” describe this protective clothing

and/or squiprnent: .

14, Will you be working under hot conditions
{remperatures exceeding 77 °F): YesMNo

15. Will yvou be warking under humid condi-
tions: YesiNo

16. Describe the work you'll be doing while
you're using your respirator(s):

17, Describe any special or hazardous condi-
tions you might encouncer when you're
using your resplrator(s) ifor example,
confined spaces, life-threatening gases);

18, Frovide the follawing Information, if you
know it, for each toxic substance that
vou'll be exposed to when you're using
your respirator(s):

Name of the first toxic substance:

Estimated maximum exposure level per
shift:

Duration of exposure per shift
Neame of the second toxic substance:

Estlmated maximum exposure level per
shift:

Duratian of exposure per shift:
Name ¢f the third toxdc substance:

Estlmated maximum exposurs level per
shift:

Duration of axpasure per shift: '

29 CFR Ch. XVl (7-1-05 Edition)

The name of any other toxic substances
that you'll be exposed to while using
your respirator

18, Describe any speclal responsibilities
wou'll have while using your respirator{s)
that may affect the safety and well-being
of others (for example, rescue, security):
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Appendix K—Acronyms Used in This Manual

ACOEM
ATHA.
ASTM
ACGIH
ATS
BIA

C

CDC
CKD
COPD
E%
ERS
°F
FEV,
FEVV/FVC
FVC
IARC

ILO

ISO

Lpm
MSHA

NIOSH

American College of Occupational and Environmental Medicine
American Industrial Hygiene Association

ASTM International

American Conference of Governmental Industrial Hygienists
American Thoracic Society

Brick Industry Association

Degrees Celsius

Centers for Disease Control

Chronic kidney disease

Chronic obstructive pulmonary disease

Percentage exposure

European Respiratory Society

Degrees Fahrenheit

Forced expiratory volume in 1 second

Ratio of FEV; to FVC

Forced vital capacity

International Agency for Research on Cancer
International Labor Office

International Standards Organization

Liters per minute

Mine Safety and Health Administration

National Institute for Occupational Safety and Health
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NISA
NTP
OEL
OHP
OSHA
PA
PAT
PLHCP
PPD
PVC
TLVs®

vC

National Industrial Sand Association

National Toxicology Program

Occupational exposure limit

Occupational Health Program

Occupational Safety and Health Administration
Posterioranterior

Proficiency Analytical Testing program
Physician or other licensed health care professional
Purified protein derivative

Polyvinyl chloride

Threshold Limit Values

Vital capacity

270



Appendix L—Glossary of Terms

Albumin, a water-soluble, heat-coagulable protein; the most abundant protein in blood plasma.
Various albumins are found in practically all animal tissues. Determination of the levels and
kinds of albumin in urine, blood, and other body tissues is the basis of a number of laboratory
diagnostic tests.

Alveoli, small thin-walled air-containing compartments of the lung arranged in saclike clusters
into which an alveolar duct terminates and from which respiratory gases are exchanged with the
pulmonary capillaries. A single alveolus 1s termed an alveolus.

Area Sample, an air sample taken from samplers placed at fixed locations in the general work
area and can be used to evaluate the effectiveness of control measures and to document chemical
concentrations in a work area.

Autoimmune diseases, a disease in which impaired function and the destruction of tissue are
caused by an immune reaction in which abnormal antibodies are produced and attack the body's
own cells and tissues. Autoimmune diseases include a wide variety of disorders, including many
disorders of connective tissue, such as systemic lupus erythematosus and rheumatoid arthritis.

Blood Urea Nitrogen (BUN), a measure of the amount of urea in the blood. Urea forms in the
liver as the end product of protein metabolism, circulates in the blood, and is excreted through
the kidney in urine. The BUN, determined by a blood test, 1s directly related to the metabolic
function of the liver and the excretory function of the kidney.

Breathing Zone Sample, an air sample taken from a sampler attached to a worker in roughly a
one foot hemisphere forward of the shoulders around a persons nose and mouth.

Bronchi, cither of the two primary divisions of the trachea that lead respectively into the right
and the left lung. The bronchi arise from the branching of the trachea.

Bronchioles, a small thin-walled branch of the bronchi that connects to the alveoli where oxygen
exchange takes place.

Brownian Movement, also referred to as diffusion, is particle deposition in the lung influenced
by collisions with air molecules, very small particles (<0.01 micrometer) start to move in a
random manner over random distances and a chance is present of a collision with the walls of the
airway or alveolar surfaces.

Carcinogen, a substance or agent that causes the development or increases the incidence of
cancer.

Chronic Bronchitis, an inflammation of the main air passages (bronchi) to the lungs that lasts
for more than three months. It causes a cough, shortness of breath and chest tightness. Coughing
often brings up yellow or greenish mucus.
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Chronic Kidney Disease, occurs when disease or disorder damages the kidneys so that they are
no longer capable of adequately removing fluids and wastes from the body or of maintaining the
proper level of certain kidney-regulated chemicals in the bloodstream.

Chronic obstructive pulmonary disease (COPD), a group of lung diseases that block airflow
and make it increasingly difficult for you to breathe. Emphysema and chronic bronchitis are the
two main conditions that make up COPD, but COPD can also refer to damage caused by chronic
asthmatic bronchitis.

Cilia, a minute short hairlike process often forming part of a fringe; especially: one of a cell that
is capable of lashing movement and serves especially to produce a current of fluid. The
movement of cilia on a ciliated epithelium serves to propel a surface layer of mucus or fluid.

Creatinine, a substance formed from the metabolism of creatine, commonly found in blood,
urine, and muscle tissue. It is measured in blood and urine tests as an indicator of kidney
function.

Crystalline silica, Silicon dioxide (Si02). “Crystalline” refers to the orientation of SiOz
molecules in a fixed pattern as opposed to a nonperiodic, random molecular arrangement defined
as amorphous. The three most common crystalline forms of silica encountered in the workplace
environment are quartz, tridymite, and cristobalite.

Emphysema, a chronic lung disease characterized by progressive, irreversible expansion of the
alveoll with eventual destruction of alveolar tissue, causing obstruction to airflow. Patients with
emphysema often have labored breathing, wheezing, chronic fatigue, and increased susceptibility
to infection, and may require oxygen therapy. Long-term smoking 1s a common cause of
emphysema '

End Stage Renal Disease, a progressive loss of renal function over a period of months or years
through five stages. Each stage is a progression through an abnormally low and progressively
worse glomerular filtration rate, which is usually determined indirectly by the creatinine level in
blood serum.*

Fibrosis, a condition marked by increase of interstitial fibrous tissue. Any pathological condition
where fibrous connective tissue invades any organ, usually as a consequence of inflammmation or
other injury.

Flow Spirometer, a type of spirometer that measures how fast the air moves in or out of
the lungs. Flow spirometers are usually smaller than volume spirometers. Examples include
pneumotachograph, hot wire anemometer, and rotating vane.

Forced Expiratory Maneuver, the basic maneuver of spirometry where the subject takes the

deepest possible breath and blows into the mouthpiece as hard, fast and completely as possible.
Also known as the forced vital capacity maneuver.
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Forced Expiratory Volume at One Second (FEV,), the volume of air exhaled during the first
second of a forced expiratory maneuver, It may also be considered the average flow during the
first second of the FVC maneuver.

FEV/FVC (given as % or ratio). Forced expiratory volume 1n one second expressed as a
peicent of the forced vital capacity is the fraction of the total that is exhaled in the first second.
It is the index of the speed of expiratory airflow. It is calculated by using the largest FEV 1 and
the largest FVC, even if they are not from the same curve. A low FEV/FVC% is associated
with airways obstruction.

Forced Vital Capacity (FVC), the maximal volume of air which can be exhaled forcefully after
maximal inspiration. NOTE: The vital capacity is the amount of air that can be exhaled by an
individual after taking the deepest breath possible, whether or not the air is exhaled forcefully
(FVC) or slowly (VC).

Glomerulonephritis, a primary or secondary immune-mediated renal disease characterized by
inflammation of the glomeruli, or small blood vessels in the kidneys.

Glomerular Filtration Rate (GFR), is the volume of fluid filtered from the kidney’s glomerular
capillaries into the Bowman's capsule per unit time. Clinically, this is often measured to
determine kidney (renal) function.

Inertial Impaction, particle deposition in the lung influenced by air traveling through the
airways, making a flow of air changes direction often and suddenly, where entrained particles are
not able to follow these changes, causing them to collide with the wall of the airways,

Inhalable Dust, the particulate mass fraction of dust in the work environment that can be inhaled
and deposited anywhere in the respiratory tract.

Larynx, commonly known as the voicebox, is an organ in the neck involved in protection of the
trachea and sound production. The larynx houses the vocal folds, and is situated just below
where the tract of the pharynx splits into the trachea and the esophagus.

Lupus, also known as Systemic Lupus Erythematosus (SLE) is a chronic auteimmune disease
similar to other autoimmune diseases in which the immune system attacks the body’s cells and
tissue, resulting in inflammation and tissue damage. SLE can affect any part of the body, but
most often harms the heart, joints, skin, lungs, blood vessels, liver, kidneys and nervous system.

Lymphatic System, the part of the circulatory system that is concerned especially with
scavenging fluids and proteins that have escaped from cells and tissues and returning them to the
blood, with the phagocytic removal of cellular debris and foreign material, and with immune
responses, that overlaps and parallels the system of blood vessels in function and shares some
constituents with it, and that consists especially of the thymus, spleen, tonsils, lymph, lymph
nodes, lymphatic vessels, lymphocytes, and bone marrow.

Macrophage, a phagocytic tissue cell of the immune system that may be fixed or freely motile,
and functions in the destruction of foreign antigens (such as bacteria and viruses).
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Micrometer, a unit of length equal to one-millionth of a meter or one-thousandth of a
millimeter. The micrometer is a convenient length for measuring small respirable dust particles.

Mucociliary Clearance, a lung defense mechanism important in the removal of inhaled particles
by specialized cilia, which line both the upper and lower airways, are covered by a thin layer of
mucus, and beat rapidly in a coordinated fashion propelling particles trapped in the mucus layer
to the pharynx.

NIOSH B-Reader, an approval granted to physicians with a valid medical license who
demonstrates proficiency in the classification of chest radiographs for the pneumoconioses using
the International Labour Office (ILO) Classification System,

Obstructive Lung Diseases, diseases that reduce flow from the lungs. These diseases include
asthma, chronic bronchitis, and emphysema.

Pharynx, the part of the digestive and respiratory tracts situated between the cavity of the mouth
and the esophagus and in humans being a conical musculomembranous tube about four and a
half inches (11.43 centimeters) long that is continuous above with the mouth and nasal passages,
communicates through the eustachian tubes with the ears, and extends downward past the
opening into the larynx to the lower border of the cricoid cartilage where it is continuous with
the esophagus.

Pneumoconiosis, a lung disease condition characterized by the permanent deposition of dust in
the lungs over a long period of time and at sufficient amounts that result in the formation of scar
tissue, referred to as pulmonary fibrosis.

Proteinuria, the presence of excessive amounts of protein in the urine.

Pulmenary fibrosis, the formation of scar tissue in the connective tissue of the lungs as a result
of any inflammation or irritation of alveolar tissue with many causes including the inhalation of
crystalline silica.

Quartz, crystalline silicon dioxide (Si02) not chemically combined with other substances and
having a distinctive physical structure,

Respirable Dust, that portion of dust that is capable of entering the gas-exchange regions of the
lungs if inhaled; by convention, a particle-size-selective fraction of the total airborne dust;
includes particles with acrodynamic diameters less than approximately 10 micrometers and has a
50 percent deposition efficiency for particles with an aerodynamic diameter of approximately
four micrometers,

Restrictive Lung Diseases, diseases that reduce the ability of the lungs to expand fully but do

not necessarily affect air flow. Asbestosis and silicosis, two of the most common of the

occupationally caused restrictive diseases, are caused by the development of fibrotic tissue in the
lungs.
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Rheumatoid arthritis, a chronic autoimmune disease that causes inflammation and deformity of
the joints. Other problems throughout the body (systemic problems) may also develop, including
inflammation of blood vessels (vasculitis), the development of bumps (called rhevmatoid
nodules) in various parts of the body, lung disease, blood disorders, and weakening of the bones.

Scleroderma, a progressive disease that affects the skin and connective tissue (including
cartilage, bone, fat, and the tissue that supports the nerves and blood vessels throughout the
body). There are two major forms of the disorder. The type known as localized scleroderma
mainly affects the skin. Systemic scleroderma, which is also called systemic sclerosis, affects the
smaller blood vessels and internal organs of the body.

Sedimentation, also referred to as gravitational settling, is particle deposition in the lung
influenced by as the airways branch and become smaller and smaller the dust particles slow up
because the total cross-sectional area of the airways is actually increasing; and as the dust
particles slow, they settle out because of the influence of gravity, and come to rest on the airway
walls or surfaces of the alveoli.

Silicosis, a type of pneumoconiosis due to the inhalation of dust containing crystalline silica
characterized by formation of generalized, nodular fibrotic lesions in the lung. Three types of
silicosis are recognized based on the airborne concentration of crystalline silica to which a
worker has been exposed.

Chronic silicosis, usually occurs after 10 or more years of exposure at relatively
low concentrations of crystalline silica.

Accelerated silicosis, develops 5 to 10 years after the first exposure.
Acute silicosis, which develops after exposure to high concentrations of
respirable crystalline silica and results in symptoms within a period ranging from

a few weeks to 5 years after the initial exposure.

Spirometry, a pulmonary function test that measures lung volumes and flow rates of air leaving
the lungs by means of a spirometer.

Spirometer, an instrument for measuring the air leaving the lung on exhalation.

Systemic Vasculitis, is an inflamunation of blood vessels in the body. Vasculitis causes changes
in the walls of blood vessels, including thickening, weakening, narrowing and scarring.

Time-Weighted Average (I'WA), an average value of exposure to a chemical over the course of
a work shift. For an eight hour work shift the value is expressed as a 8-hour TWA.
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Trachea, the main trunk of the system of tubes by which air passes to and from the lungs that is
about four inches long and somewhat less than an inch in diameter, extends down the front of the
neck from the larynx, divides in two to form the bronchi, has walls of fibrous and muscular
tissue stiffened by incomplete cartilaginous rings which keep it from collapsing, and is lined with
mucous membrane whose epithelium is composed of columnar ciliated mucus-secreting cells --
called also windpipe.

Urea, a by-product of protein metabolism that is formed in the liver. Because urea contains
-~ ammonia, which is toxic to the body, it must be quickly filtered from the blood by the kidneys
- and excreted in the urine.

Volume Spirometer, a type of spirometer that records the amount of air inhaled or

exhaled within a certain time. Examples include water-seal, dry rolling-seal, and bellows
instruments.
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