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Abstract Workers in the food industry are exposed to multiple respiratory
hazards that include irritants, allergens, and substances capable of
causing destruction and scarring of the lungs. Cases of constrictive
bronchiolitis obliterans, a severe potentially disabling lung disease,
have been identified in workers exposed to flavorings. Workplace
engineering controls, work practices, and respiratory protection can
minimize potential exposures. Medical surveillance of workers
exposed to known respiratory hazards will help to identify disease
early, facilitate the prompt removal of workers from the causative
exposure(s), and prevent further worsening and/or permanence of
disease. When companies or employees suspect occupational respi-
ratory disease, they can involve public health agencies to investi-
gate any excess risk of lung disease, risk factors among processes
and exposures, and effectiveness of interventions, if needed.

. INTRODUCTION

In 2000, the National Institute for Occupational Safety and Health
(NIOSH) of the Centers for Disease Control and Prevention (CDC)
became aware of eight former workers of a microwave popcorn facility
who had been diagnosed with a rare lung disease, bronchiolitis obliterans
(BO). Further investigation determined that exposure to artificial butter
flavoring was the causative agent. Additional cases of flavoring-related
BO were subsequently identified in workers in the microwave popcorn-,
flavor-, and diacetyl-' manufacturing industries. Worksite interventions
helped to prevent BO in other workers exposed to flavoring chemicals.
In this chapter, we describe the anatomy and defense mechanisms of the
respiratory tract, medical tests used to diagnose respiratory diseases,
occupational respiratory diseases, specific respiratory hazards in the
food industry, how exposures can be reduced, and how workers can be
monitored through medical surveillance to allow early identification and
protection of affected workers. Finally, we outline the discovery that
occurred as a result of the public health response to cases of BO in workers
in the microwave popcorn and flavoring industries.

This information can assist in future identification of other occupa-
tionally related respiratory diseases in the food industry.

! Diacetyl is a major component of butter flavoring.
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Il. RESPIRATORY TRACT ANATOMY AND
DEFENSE MECHANISMS

The upper respiratory tract includes the nasal passages, sinuses, pharynx
(mouth and throat), and larynx (voice box). The lower respiratory tract
includes the trachea, bronchial tree (bronchi, bronchioles, terminal
bronchioles, and respiratory bronchioles), air sacs (alveoli), and support-
ing tissue (interstitium). The internal caliber of the airways decreases with
sequential branching of the bronchial tree. Bronchioles have a diameter of
about 1 mm. Terminal bronchioles have a diameter of about 0.3-0.5 mm.
Compared to the larger airways, smaller airways are composed of pro-
portionately less cartilage and more smooth muscle; at the level of the
terminal bronchioles, smooth muscle totally circumscribes the airways.
Rapid exchange of gases between the air in the air sacs and the blood in
the capillaries is facilitated by the thin air sac wall that is only several cells
thick and by the proximity of capillaries (the smallest blood vessels).

Large inhaled particles are entrapped by hairs in the nasal passages.
Many of the smaller inhaled particles are entrapped in the mucus layer
that coats the respiratory tract. Small particles that reach the air sacs are
engulfed and ingested by immune cells called macrophage cells. Particles
that contain irritating chemical substances can damage the site in the
respiratory tract where they impact; however, even inert particles can
damage the respiratory tract at high enough concentrations. The mucus
layer also absorbs highly water-soluble chemicals, such as ammonia and
formaldehyde, and prevents these chemicals from penetrating deeper into
the lung. Mucous glands within the respiratory tract, as well as goblet cells
on the internal surface of the respiratory tract, create the mucus. Addition-
ally, cells with hair-like projections, called cilia located alongside goblet
cells, propel the mucus layer with its entrapped particles and chemical
contaminants upward where the mucus is either swallowed or coughed
out. The lungs are able to repair minor injuries by replacing damaged cells
with normal lung cells. Repetitive or excessive injury may result in perma-
nent loss of lung tissue or repair with scar tissue. Scarring can occur within
the air sacs, the airways, or the supporting tissue of the lung.

lll. MEDICAL TESTS USED TO DIAGNOSE LUNG DISEASE

A spirometry test is a breathing test in which a person takes as deep a
breath as possible and blows out quickly and completely into a tube
connected to a spirometry machine (Table 3.1). Lung measurements
obtained from this test include forced expiratory volume in one second
(FEV}), the amount of air blown out in one second; forced vital capacity
(FVQ), the total amount of air blown out; the FEV;/FVC ratio; and the
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TABLE 3.1 Pulmonary tests

Pulmonary test

Description

Results

Spirometry

Bronchodilator trial

Serial spirometry or

serial peak
expiratory flow
rate (PEFR)
measurements

Bronchoprovocation

test

Methacholine
challenge test

After inhaling as much

air as possible, the
patient blows out as
quickly and
completely as
possible into a tube
connected to a
spirometry machine

When a spirometry test

shows airways
obstruction, an
inhalable medication
that relaxes the
muscles in the small
airways is
administered and the
spirometry test is
repeated

Spirometry tests or

PEFR measurements
are repeated five or
more times each day
during the waking
hours over a 3- to
4-week period

The baseline FEV] is

compared to FEV;
following a simulated
occupational
exposure or a
controlled exposure
to an occupational
agent’

The baseline FEV] is

compared to FEV,
following
administration of

Airways obstruction
(asthma,
emphysema, BO).
Restrictive pattern
(HP)

Reversible airways
obstruction
suggests the
presence of asthma

Lower FEV; or
lower PEFR
measurements on
workdays
compared to
non-workdays are
suggestive of
work-related
asthma

A drop in FEV;
suggests work-
related asthma

A drop in FEV;
following a low
dose of
methacholine

(continued)
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Pulmonary test

Description

Results

Antibody test

Diffusing capacity
of the lung for
carbon monoxide
(DLco)

High-resolution-
computed
tomography
(HRCT) of the
chest

methacholine, an
inhalable drug that
can cause the muscles
in the small airways
to contract

Blood tests that detect
antibodies to an
allergen; reactions to
skin pricking with
antigen imply allergic
sensitization

A test dose of carbon
monoxide is inhaled
and measurements
are obtained to
determine how much
of this is absorbed.
This measurement is
used to estimate how
well other gases are
exchanged by the
lungs

Detailed radiological
images that provide a
three-dimensional
picture of the lungs

suggests the
presence of asthma

A positive test

indicates antibody
sensitization,
which is associated
with allergic
rhinitis, allergic
conjunctivitis, and
allergic asthma

A low DL¢o may be

caused by:

(1) scarring of

the lung tissue in
HP; (2) obliteration
of the small
airways in severe
BO; and (3)
destruction of

the air sacs in
emphysema

HRCT can detect:

(1) scarring of the
lung tissue in HP;
(2) air trapping in
the air sacs during
expiration in BO;
and (3) destruction
of the air sacs in
emphysema

“ Bronchoprovocation tests using an occupational agent are infrequently performed because only a few

medical facilities in the United States are equipped to perform this test.

peak expiratory flow rate (PEFR), the fastest rate at which air can be
exhaled. FEV;, FVC, and PEFR are compared to average values for a
person of the same height, age, gender, and race to yield percent pre-
dicted values; for example, a test result that is 80% of the average value



168 Nancy Sahakian and Kathleen Kreiss

would be 80% of predicted value. Additionally, there are normal ranges
with lower limit of normal values for lung measurements of a person of a
specific height, age, gender, and race. A pattern of airways obstruction is
identified if the FEV; and FEV,/FVC are below the lower limit of normal
and the FVC is normal. In this case, the individual has an adequate lung
capacity but is unable to blow the inhaled air out quickly due to resistance
in the airways. Symptoms associated with this type of lung abnormality
are wheezing and chest tightness. A restrictive pattern is identified if the
FEV,/FVC ratio is normal and the FVC is below the lower limit of normal.
An individual with a restrictive pattern is unable to take in a full breath;
however, he or she is able to quickly exhale the inhaled air. Symptoms
associated with this type of lung abnormality include shortness of breath
on exertion.

An inhalable medication that relaxes the muscles in the airways (bron-
chodilator) is frequently administered when airways obstruction is iden-
tified. In this bronchodilator trial test, the spirometry test is subsequently
repeated and compared to the results from the initial spirometry test.
If there is substantial improvement in lung function with the administra-
tion of the bronchodilator, the airways obstruction is reversible. An exam-
ple of a lung disease with reversible airways obstruction is asthma, in
which symptoms occur episodically when airways obstruction occurs.
If there is little or no improvement after the administration of the broncho-
dilator, the airways obstruction is fixed. An example of a lung disease with
fixed airways obstruction is BO, where there is scarring of the airways.

In the methacholine challenge test, subjects inhale a drug that can
cause the muscles in the small airways to contract. People with asthma
will have a reduction in their FEV; after inhaling a low dose of this drug,
reflecting increased “irritability”” or bronchial hyperreactivity.

To make an association between occupational exposures and asthma,
serial spirometry, serial measurements of PEFR, provocation with a
simulated occupational exposure or an occupational agent, and antibody
tests are frequently conducted. In work-related asthma, repeat spirometry
and/or PEFR measurements five or more times daily during the waking
hours over a 3- to 4-week period may show lower FEV; or PEFR measure-
ments on workdays compared to non-workdays. A drop in FEV; with a
simulated occupational exposure and/or with exposure to an occupa-
tional agent is also suggestive of work-related asthma. If there is exposure
to a known occupational allergen, then antibody sensitization may be
tested with a blood test (radioallergosorbent test) that detects antibodies
specific to the allergen or with a skin prick test.

The ability of the lungs to exchange gases is measured by the diffusing
capacity of the lung for carbon monoxide (DLcp). In this test, ability of the
lungs to absorb a test dose of carbon monoxide is measured and is used to
approximate their ability to exchange oxygen and carbon dioxide.



Lung Disease in Flavoring and Food Production 169

Inflamed lung tissue (hypersensitivity pneumonitis, HP), complete oblit-
eration of a large proportion of the airways (severe BO), and damage to
the air sacs (emphysema) will reduce the DLco measurement.
High-resolution computed tomography (HRCT) of the chest is able to
detect inflammation and scarring of the supporting lung tissue, air
trapping in the air sacs during expiration, and extensive destruction of
air sacs; findings that are present in HP, BO, and emphysema, respectively.

IV. TYPES OF OCCUPATIONAL RESPIRATORY DISEASE

Respiratory disease may occur as a result of one of three mechanisms:
immunological sensitization and response, irritation, and injury followed
by destruction and/or scarring. In most immunological respiratory dis-
eases, a period of time is required for a person’s immune cells to become
sensitized; subsequent exposure results in respiratory symptoms. The
period of time from first exposure to onset of symptoms is referred to as
the latency period. Immunological diseases that are antibody mediated
consistently have latency periods. These include anaphylaxis, allergic
conjunctivitis /rhinitis, and allergic asthma. HP is a cell-mediated immu-
nological disease that may result in symptoms in sensitized individuals
within hours after a high-intensity exposure or after months of low-
intensity exposures. In diseases due to irritation, there is generally injury
to the lining of the respiratory tract, resulting in mucus production and
possibly permanent damage of the respiratory tract. Irritating chemicals
and particles may also cause irritant-induced asthma, especially in the case
of an overwhelming exposure. BO is an example of a respiratory disease due
to injury followed by scarring. Emphysema is a respiratory disease
characterized by injury followed by permanent destruction of the air sacs.

Shortness of breath, cough, and wheeze are common symptoms of
respiratory diseases (Table 3.2). These shared symptoms make misdiag-
nosis by physicians common if the diagnosis is based solely on reported
symptoms. Medical tests help to distinguish the respiratory diseases from
each other (Table 3.3). Other pitfalls in medical diagnosis include diagnos-
ing common diseases (such as asthma, emphysema, and chronic bronchitis)
instead of the actual rarer diseases (such as BO); and not considering
occupational exposures as the cause.

A. Anaphylaxis, allergic conjunctivitis/rhinitis,
and allergic asthma

An allergen is a chemical or substance that results in an immunoglobulin
E-mediated (antibody) allergic response. Allergens are usually high
molecular weight organic compounds. The production of antibodies
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TABLE 3.2 Symptoms of occupational lung diseases

Respiratory disease Predominant symptoms
Allergic asthma Episodic wheeze, chest tightness, shortness of
Irritant-induced breath, and cough
asthma
Work-aggravated
asthma

Chronic bronchitis Daily cough that produces phlegm for three or
more consecutive months out of a year

Hypersensitivity Progressive shortness of breath, cough, and

pneumonitis weight loss (low-intensity exposures);

shortness of breath, cough, muscle achiness,
chills, sweating, and fatigue on workdays
(high-intensity exposures)

Emphysema Progressive shortness of breath and cough

Constrictive BO Progressive shortness of breath and cough

(sensitization) may occur following inhalation, ingestion, or contact with
the eyes or skin. Subsequent exposure results in symptoms of hives,
anaphylaxis (see the following paragraph), conjunctivitis/rhinitis, and/
or asthma. The route of sensitization may differ from the route of expo-
sure responsible for symptoms: for example, an individual sensitized by
airborne exposures at work may develop allergic respiratory symptoms
following ingestion of the same allergen in a food (Acero et al., 1998).
Sensitization can be detected by a blood test (such as the radioallergosor-
bent test) or a skin prick test for specific allergens. Because of the risk of
provoking a life-threatening event, a skin prick test is not performed on
individuals with a history of anaphylaxis.

Anaphylaxis is a severe systemic allergic reaction, which can be fatal.
Frequently the first symptom is itchy hives (welts) within minutes of
exposure. Swelling of the larynx, with constriction of the air passage
and a rapid drop in blood pressure quickly follow. Treatment includes
immediate removal from exposure, administration of epinephrine, and
strict avoidance of reexposure.

Symptoms of allergic conjunctivitis and rhinitis include red, itchy,
watery eyes, watery nasal discharge, nasal congestion, and sneezing.
Asthma is characterized by episodic airways obstruction and symptoms
of wheeze, chest tightness, shortness of breath, and cough. Asthma symp-
toms are due to contraction of the smooth muscles, swelling of the lining,
and mucus in large and small airways (Table 3.4). Symptoms generally
appear or worsen within several hours after exposure. Once an exposure
association is made, early removal from exposures may result in cure with



TABLE 3.3 Medical test results for occupational lung diseases

Occupational
asthma or work-

Test aggravated asthma Hypersensitivity pneumonitis Emphysema Constrictive BO
Lung examination Wheeze during Crackles (rales), occasionally Decreased Crackles
an asthma wheeze breath (rales),
attack sounds wheeze
Spirometry May show May be normal, or may show Airways Airways
airways airways obstruction or a obstruction obstruction
obstruction restrictive pattern
Bronchodilator trial Airways Airways obstruction may Airways Airways
obstruction minimally improve obstruction obstruction
improves does not does not
improve improve
Methacholine challenge  Increased May show increased reactivity Normal Normal
reactivity reactivity reactivity
Diffusing lung capacity =~ Normal Decreased Decreased Normal or
for carbon monoxide decreased
(DLco)
High-resolution- Normal Inflammation of the Large holes in Air trapping
computed interstitium, scarring of the the lungs during
tomography (HRCT) lung tissue, and/or small (bullae) exhalation

of the chest

nodules
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TABLE 3.4 Description and causes of occupational lung diseases in the food industry

Respiratory disease

Site of disease

Description

Known causes in the food industry

Allergic asthma

Irritant-induced
asthma

Work-
aggravated
asthma

Bronchi,
bronchioles,
terminal
bronchioles

Bronchi,
bronchioles,
terminal
bronchioles

Bronchi,
bronchioles,
terminal
bronchioles

Antibody-mediated response to

inhaled allergens with contraction
of the smooth muscles in the walls
of the airways, swelling of the
airways, and mucus secretion in the
airways

Contraction of the smooth muscles in

the walls of the airways, swelling
of the airways, and mucus secretion
in the airways due to inhaled
irritants

Contraction of the smooth muscles in

the walls of the airways, swelling of
the airways, and mucus secretion in
the airways due to nonspecific
occupational exposures or
occupational allergens to which the
worker was previously sensitized

Cereal flour, buckwheat flour, soy

flour, seafood allergens, pork,
sesame seeds, sunflower seeds,
lupin, spinach, sarsaparilla root
dust, cocoa, coffee dusts, green tea,
egg protein, lactalbumin, milk
powder, casein, honey, a-amylase,
glucoamylase, pectinase,
gluconase, pepsin, pectin, spices,
carmine, flavorings

A single high-intensity or multiple

low-intensity exposures to chlorine
gas, bleaching agents, cleaning
agents, and fumigants

Cold air, dusts, aerosol sprays,

smoke, fumes, occupational
allergens to which the worker was
previously sensitized
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Chronic
bronchitis

Constrictive BO

Emphysema

Hypersensitivity
pneumonitis

Bronchi,
bronchioles

Terminal and
respiratory
bronchioles

Alveoli,
respiratory
bronchioles

Interstitium

Enlarged mucous glands and an
increased number of goblet cells
produce an excessive amount of
mucus

Injury of the airways results in
scarring and in some cases
complete obliteration of the air
passages

Destruction of the walls of the air sacs
and scarring of and weakening of
the walls of the small airways

Cell-mediated response to substances
results in the formation of scar
tissue in the supporting tissue of
the lung

Bakery and food-processing
exposures

Diacetyl, butter flavoring, overheated
cooking oil

Penicillium in cheese or cheese
casings, green coffee dust, Botrytis
cinerea on grapes, Aspergillus oryzae
in soy sauce, grain weevils, carmine
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the disappearance of episodic asthma symptoms. Continued exposure
may resultin an increased likelihood of: (1) persistent asthma with asthma
symptoms even when no longer exposed, with symptoms at nighttime,
after exercise, with respiratory infections, and with exposure to cold air or
irritants; and (2) scarring of the airways resulting in fixed airways
obstruction. Smokers and individuals with a history of asthma, hay
fever, or eczema are at greater risk for developing occupational allergic
asthma.

Occupational allergens in the food industry include mammalian and
avian proteins, and allergens from plants, mold, bacteria, spices, and
seafood (Bernstein et al., 1999). Enzymes, which have multiple applica-
tions within the food industry, are frequently allergens. a-Amylase
derived from Aspergillus oryzae is used to stimulate the growth of yeast
and facilitate the rising of bread. Glucoamylase derived from A. niger is
used in the production of high-fructose corn syrup. Pectinases are used to
assist in the removal of the pith from fruit and to clarify fruit juices.
Rennet, proteases, and lipases are used in cheese production.

Spirometry and bronchodilator trial tests that indicate reversible air-
ways obstruction and/or airways reactivity when challenged with metha-
choline are used to diagnose asthma. Occupational allergic asthma is
subsequently diagnosed when respiratory symptoms have begun after
hire and after a latency period of several weeks to several years, and there
is an indication that asthma symptoms or the status of asthma are worse
on workdays. Changes in asthma status suggestive of occupational
asthma include serial spirometry tests or PEFR measurements that show
lower FEV; or PEFR measurements on workdays compared to non-
workdays; and improvement in the methacholine challenge test after
the worker has been removed from work exposures for several months.
Although largely unavailable, provocation tests with allergens cause a
decline in FEV;.

Allergic rhinitis and asthma commonly occur in bakers and fish and
seafood processing workers (Bernstein et al., 1999). Occupational asthma
has additionally been reported in egg-processing workers (Smith et al.,
1987); coffee workers (Osterman et al., 1985; Zuskin et al., 1981); green tea
factory workers (Shirai ef al., 2003), spice factory workers and workers who
handle spices (Afibarro et al., 1997; Falleroni et al., 1981; Fraj et al., 1996;
Lemiere et al., 1996; Sastre et al., 1996; Seuri et al., 1993; Zuskin et al., 1988);
cocoa-processing workers and workers who handle cocoa (Perfetti et al.,
1997; Zuskin et al., 1998); and natural food dye (carmine) production work-
ers (Lizaso et al., 2000; Rodriguez et al., 1990; Tabar-Purroy et al., 2003).

Case reports of occupational asthma include a candy worker exposed
to lactalbumin (Bernaola et al., 1994) and a bakery worker exposed to milk
powder (Toskala et al., 2004), a candy worker and a jam-manufacturing
worker exposed to pectin (Cohen et al., 1993; Kraut et al., 1992), a worker in



Lung Disease in Flavoring and Food Production 175

a meat tenderizer manufacturing plant exposed to papain (Novey et al.,
1979), a meat kneader exposed to casein (Rossi et al., 1994), a meat
processor exposed to pork meat (Labrecque ef al., 2004), bakery workers
exposed to sesame and sunflower seeds (Alday et al., 1996; Keskinen et al.,
1991; Vandenplas et al., 1998), a worker who handled lupin powder
(Campbell et al., 2007), a pasta factory worker exposed to spinach powder
(Schuller et al., 2005), a herbal tea worker exposed to sarsaparilla root dust
(Vandenplas et al., 1996), a cereal maker exposed to honey (Johnson et al.,
1999), fruit-processing workers exposed to pectinase and gluconase (Sen
et al., 1998), and a cheese maker exposed to pepsin (Afiibarro and Fontela,
1996). Asthma associated with occupational exposure to flavorings has
also been reported (CDC, 2007a). The impact of occupational asthma in
food industry workers was quantified in a random population survey of
workers in New Zealand that found food processors (other than bakers)
to be about 2.5 times more likely to report wheeze than office workers
(Fishwick et al., 1997a).

Bakers” asthma and allergic rhinitis are the most common forms of
occupational respiratory disease in the food industry. Among bakery
workers, the prevalence of occupational asthma and allergic rhinitis
ranges from 5% to 7% and 15% to 20%, respectively (Houba et al., 1996).
Bakers’ asthma is most often due to cereal flours (such as wheat, rye, and
barley flour) and less frequently due to buckwheat flour, soy flour, fungal
a-amylase, fungal glucoamylase, proteases, cellulases, xylanase, molds,
and storage mites (Bauer et al., 1986; Merget et al., 2001; Quirce et al., 1992,
2002; Tarvainen et al., 1991). Antibody sensitization rates for wheat flour
and o-amylase among bakers range from 5% to 25% and 2% to 15%,
respectively. Estimated wheat flour-related incidence rates among bakers
are 10 cases of antibody sensitization per 1000 workers per year, and 3—4
cases of respiratory allergy per 1000 workers per year (Heederik and
Newman Taylor, 1999).

The diagnosis of respiratory allergy in bakery workers is made by the
presence of nasal and/or airways symptoms after an initial symptom-free
period (latency period) of months to several years. Rhinitis often occurs
first, followed by the development of asthma; however, asthma in the
absence of rhinitis is not uncommon. Asthma symptoms develop within
minutes to hours of exposure at work and may persist for 24 h or more.
A temporal relationship with work may only be discovered during 1-
or 2-week vacations. Supporting medical tests include: (1) positive radio-
allergosorbent blood test or skin prick test specific to flour proteins and /or
a-amylase allergen; (2) reversibility of airways obstruction when a bron-
chodilator is administered and / or airways reactivity when challenged with
methacholine; and (3) serial lung function tests that improve away from
work. Once sensitized, workers will become symptomatic with exposure to
very low concentrations of airborne allergen. Because of this, the only



176 Nancy Sahakian and Kathleen Kreiss

effective solution is a change in their work. As an interim measure until a
change in work is feasible, the worker may wear a respirator with a
particulate filter to minimize exposures.

The amounts of flour allergen and a-amylase per gram of dust vary
considerably, making airborne dust concentration a poor measure of
allergen exposure in bakeries. Use of environmental allergen levels to
assess health risk is challenging due to the lack of standardization of
immunoassays among analytical laboratories. As yet, there are no recog-
nized occupational exposure limits for flour dust, flour allergens, or
a-amylase. The absence of regulation, however, does not imply safety
for this classic example of occupational asthma.

Prevention measures include eliminating activities that generate high
levels of dust, such as emptying bags, compressing empty paper bags that
previously contained flour or dough improvers, dusting dough, dry sweep-
ing, and use of pressurized air. Potential solutions include use of divider oil
to prevent dough adhesion to surfaces instead of dusting with flour, auto-
mated forming instead of dough-braking, closed transfer of flour, exhaust
ventilation that circumscribes the dough mixer, use of flow table exhaust
systems if dusting dough is unavoidable, covering dough mixers during the
dough-making process, and the use of encapsulated or dissolved enzyme
formulations (Burstyn et al., 1997; Heederik and Newman Taylor, 1999).

Medical surveillance of food industry workers is suggested for work-
ers exposed to allergenic materials. A typical program includes: (1) base-
line and periodic skin prick or radioallergosorbent tests for specific
antibodies (antibody sensitization); and (2) instruction of workers to
promptly report new upper or lower respiratory symptoms (or worsening
of prehire symptoms) to the facility director of safety. Workers who
develop antibody sensitization or symptoms are medically evaluated by
a pulmonologist or allergist. Workers subsequently diagnosed with occu-
pational rhinitis or asthma are relocated away from further exposure.
There is no standard recommended interval for antibody sensitization
testing. In the detergent-manufacturing industry where workers are
exposed to proteases, amylases, lipases, and cellulases, it has been sug-
gested to test workers every 6 months for the first 2 years, and thereafter
every 2 years. This decision was based on studies that have shown that
the risk of antibody sensitization is highest during the first 2 years of
exposure (Nicholson et al., 2001).

B. Irritant-induced asthma, work-aggravated asthma,
and chronic bronchitis

Irritant-induced asthma usually occurs following a single or multiple
accidental high-intensity exposures. Repetitive lower intensity exposures
to irritants may also cause asthma (Balmes, 2002). Once asthma develops,
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its symptoms may occur with exposure to nonspecific stimuli, such as
cold air, dusts, aerosol sprays, smoke, and fumes. Chlorine gas, bleaching
agents, cleaning agents, anhydrous ammonia, and fumigants are expo-
sures in the food industry known to cause irritant-induced asthma.
Exposure to endotoxin, a cell wall component of gram-negative bacteria,
has been associated with respiratory symptoms and a reversible work-
related change in lung function among potato processors (Zock et al., 1998).

In work-aggravated asthma, a worker with preexisting asthma has
worsening of asthma symptoms due to exposures in the workplace.
These exposures may be irritant chemicals, cold air, or allergens to
which the worker was sensitized prior to hire. The diagnosis is made if
the asthma was not active within 2 years before the hire date and there is:
(1) worsening of asthma symptoms on workdays; and (2) serial spirome-
try tests and/or repeat PEFR measurements suggesting a work-related
pattern.

Chronic bronchitis is defined as a daily cough that produces phlegm
for three consecutive months out of a year. It is due to enlarged mucous
glands and an increased number of goblet cells that result in an excessive
amount of mucus. Involvement of goblet cells is particularly important
due to their location in smaller airways where the mucus can interrupt
airflow. Chronic bronchitis is most commonly caused from cigarette
smoking. However, a random population-based study of 20- to 44-year-
old workers demonstrated that current and former smokers in the food
industry were two to three times more likely to report phlegm production
compared to office workers who also were current or former smokers
(Zock et al., 2001). Another study found chronic bronchitis to be 3 times
more likely in food processors and chronic bronchitis with airways
obstruction to be 26 times more likely in bakers, compared to office
workers (Fishwick et al., 1997b).

C. Hypersensitivity pneumonitis

HP is an uncommon lung disease caused by cell-mediated sensitization to
organic dusts or chemicals. With high-intensity exposures, symptoms can
include shortness of breath, cough, muscle achiness, chills, sweating, and
fatigue that occur on workdays. Complete normalization of symptoms
and lung function can occur with early removal of workers from expo-
sure. If exposure continues, permanent lung damage from scarring can
occur. Symptoms associated with low-intensity exposure include pro-
gressive shortness of breath and cough, as well as weight loss. The slow
progression of symptoms and the persistence of symptoms away from
work that occur with low-intensity exposure may result in delayed recog-
nition of the disease by both workers and physicians. Medical evaluation
often includes a restrictive spirometry pattern and may reveal crackles
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(rales) on chest examination, decreased ability of the lungs to exchange
gases, and immunoglobulin G antibodies specific to the causative agent.
Workers in the food industry at risk for developing HP include cheese
workers exposed to Penicillium in cheese or cheese casings, coffee workers
exposed to green coffee dust, wine growers exposed to Botrytis cinerea on
grapes, soy sauce brewers exposed to A. oryzae, millers exposed to grain
weevils in wheat flour, and natural dye production workers exposed to
carmine (Christiansen et al., 1981; Schuyler, 1998).

D. Emphysema

In emphysema there is destruction of the walls of the air sacs. Lung
function tests demonstrate fixed airways obstruction due to collapse of
airways during exhalation and a decreased ability of the lungs to
exchange gases. Physical examination of the lungs usually reveals
decreased breath sounds. Approximately 20% of cases of emphysema
are due to occupational causes and the remaining 80% are mostly due to
smoking. Smokers with emphysema should not be assumed to have
smoking-related emphysema, particularly young smokers. This is
because only about 15% of smokers will ever develop emphysema and
most individuals with smoking-related emphysema will become symp-
tomatic in their fifties after having smoked 20 or more pack-years (ATS,
1995). Risk of emphysema is increased among food industry workers:
a large US health survey found airways obstruction to be 2.1 times more
prevalent in food products manufacturing workers than in office workers
after adjusting for smoking and other factors (Hnizdo et al., 2002).
The causes have not been investigated.

E. Bronchiolitis obliterans

BO is a rare lung disease. In constrictive BO, there is inflammation and
injury of the small airways that lead to the air sacs (terminal and respira-
tory bronchioles). Subsequent repair mechanisms result in scarring and
narrowing or complete obliteration of the affected airways. The disease is
patchy in distribution so that all sections of the lung are not equally
affected. Symptoms consist of cough and shortness of breath with exer-
tion, which typically do not improve away from the causative exposure.
With continued exposure, the scarring involves increasingly greater
amounts of the lung and workers become increasingly short of breath.
Scarring and breathlessness are permanent, resulting in the consideration
for lung transplants in some workers. Spirometry tests reveal fixed air-
ways obstruction. HRCT of the chest with inspiratory and expiratory
images may show air trapping in the expiratory images. Unlike emphy-
sema, the lungs ability to exchange gases is unaffected until late in the
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disease. Lung biopsy typically shows inflammation and scarring of the
small airways. However in individuals with BO, lung biopsies frequently
fail to make the diagnosis. Characteristics of flavoring-related constrictive
BO are described in the literature (Akpinar-Elci et al., 2004); a lung biopsy
is usually not required to make this diagnosis. In addition to diacetyl and
butter flavorings, overheated cooking oil has also been reported as a cause
of constrictive BO (Simpson et al., 1985).

V. FLAVORING-RELATED BO

A. NIOSH investigation of flavoring-related BO

In 2000, eight cases of BO among former workers of a microwave popcorn
plant resulted in an investigation that identified a new occupational
hazard in the food industry. BO is a rare lung disease, so the occurrence
of eight cases in a small rural community was unusual. The fact that they
had all worked at the same plant gave rise to suspicion of a common
cause. The persistence of symptoms away from work (typical in this
disease) in these eight workers delayed recognition of a work-related
illness by physicians. One pulmonologist caring for these workers called
the US Occupational Safety and Health Administration (OSHA); how-
ever, the compliance officer who visited the plant could not find any
known pulmonary hazard. Ultimately, an occupational medicine physi-
cian who reviewed medical records on the eight workers for a workers’
compensation attorney reported the cases to the Missouri Department of
Health and Social Services, which, in turn, requested assistance from
NIOSH. All eight workers had become ill while employed at the micro-
wave popcorn plant with the earliest case starting in 1993. Four of
the eight workers had worked in the flavor-mixing room and four had
worked in the microwave popcorn packaging area. Six of the eight work-
ers had FEV; measurements less than 40% of predicted (criterion of
the Social Security Administration for total disability from respiratory
disease); four were on lung transplant waiting lists.

NIOSH conducted a medical survey of current workers and an envi-
ronmental survey of the facility in November 2000 (Kreiss ef al., 2002a).
Workers added salt, heated butter flavoring, and coloring agents to
heated soybean oil (130 °F) in large mixing tanks. The flavoring mixture
was pumped into heated holding tanks on an open mezzanine level and
then added to popcorn in microwavable bags in the microwave popcorn
packaging lines below (Fig. 3.1). There was no physical barrier between
the flavor-mixing tanks, holding tanks, and microwave popcorn packag-
ing lines. Heating of the flavors and of the flavored soybean oil resulted in
volatilization of the flavoring ingredients. Chemical vapors from the
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FIGURE 3.1 Sentinel microwave popcorn plant with holding tanks in the mezzanine
above microwave popcorn packaging line.

mixing tanks on the main floor and holding tanks on the mezzanine level
exposed microwave popcorn packaging workers on the main floor of the
plant. Quality control workers popped the microwave popcorn and
opened popped bags to assess the quality of the popcorn. Workers did
not use respiratory protection. A thermal desorption tube air sample from
the mixing room demonstrated a complex spectra of over 100 volatile
organic compounds, with ketones predominating. Using diacetyl as a
marker of exposure, NIOSH measured diacetyl air concentrations based
on 8-h time-weighted averages (8-h TWA). The mean diacetyl air concen-
trations based on work area air samples collected over multiple days were
37.8 parts per million (ppm) for the mixing tank room, 2.0 ppm for the
microwave popcorn packaging line, and 0.5 ppm for the quality control
room.

The prevalence of airways obstruction in this workforce was 3.3 times
greater than expected when compared to national data. Nineteen of the
21 workers identified with airways obstruction had fixed airways
obstruction. Cumulative worker exposures were calculated in parts per
million diacetyl-years and workers were placed in equally sized
worker categories of least, minimally, moderately, and most exposed.
When successive categories of least to greatest exposed workers were
compared, it was found that the proportion of workers with airways
obstruction increased and average-percent-predicted FEV; decreased,
demonstrating an exposure-response relationship with diacetyl. Five of
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six quality control workers had airways obstruction despite relatively low
diacetyl air concentrations in this work area (Kreiss et al., 2002a). Potential
hazards in these quality control workers may have been caused by peak
exposures to a combination of volatile organic compounds unique to this
work area. Quality control workers are exposed to momentary bursts of
volatile organic compounds when they open freshly popped bags of
popcorn. The high temperatures associated with popping microwave
popcorn generated different proportions of volatile organic chemicals
than present in the mixing and microwave popcorn packaging areas.

NIOSH subsequently evaluated five other microwave popcorn plants
and analyzed aggregated data from all six plants. In five of the six plants,
mixers and/or microwave popcorn packaging workers had medical find-
ings consistent with BO. Mixers had a lower mean-percent-predicted
FEV, compared to other workers. Microwave popcorn packaging workers
in plants where mixing tanks were located in proximity to the packaging
lines had a higher prevalence of airways obstruction compared to micro-
wave popcorn packaging workers in plants where the tanks were isolated
in a separate room with the door closed. The mean work area 8-h TWA
diacetyl air concentrations in plants where cases of BO occurred were 0.2—
37.8 ppm in mixing rooms and 0.3-1.9 ppm in microwave popcorn pack-
aging areas (Kanwal et al., 2006). (The NIOSH sampling method #2557 for
diacetyl was subsequently found to underestimate diacetyl air concentrations in
samples collected in high-humidity conditions; development of an alternate
sampling method is currently in progress.)

In 2006 and 2007, NIOSH investigated two flavor-manufacturing
plants. Medical testing of 29 production workers identified 7 workers
with fixed airways obstruction who had worked in plated-powder
and/or liquid flavoring work areas; 4 of these workers had severe fixed
airways obstruction (CDC, 2007b,c). Mean work area diacetyl air concen-
trations (using NIOSH method #2557) for plated-powder production
and liquid production in one of these plants were 0.25 and 0.02 ppm,
respectively (CDC, 2007b).

Animal inhalation studies were conducted at NIOSH in which rats
were exposed to vapors from a butter flavoring used at the sentinel
microwave popcorn plant. Rats were exposed for 6 h to vapors with
diacetyl concentrations of 203, 285, 352, or 371 ppm. Exposure to butter-
flavoring vapors of 285 or more ppm diacetyl resulted in damage to the
bronchi; nasal damage was seen in all the exposed rats (Hubbs et al., 2002).
Studies using pure diacetyl vapors demonstrated nasal damage in rats
exposed for 6 h to 198 or more ppm diacetyl (Hubbs et al., 2008). The
degree of inflammation and damage to the nose, larynx, trachea, and
bronchi in exposed rats is concentration dependent (Hubbs et al., 2008).
Due to the absence of mouth breathing, the larger surface area of the nose
in rodents compared to humans, and the high water solubility of diacetyl,
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much of the observed injury in rodent studies is in the upper airways. In
order to demonstrate animal findings more comparable to health effects
experienced by humans, a study conducted at the National Institute of
Environmental Health Sciences placed liquid diacetyl in the oropharynx
of mice. The liquid that was subsequently inhaled resulted in scarring at
the level of the smallest airways. Diacetyl inhalation studies demonstrated
inflammation of the nose, larynx, and bronchi when mice inhaled 100 or
more ppm of diacetyl for 1 h/day, 5 days/week for 4 weeks (Morgan et al.,
2006).

Butter flavoring is implicated in BO among microwave popcorn
workers. Diacetyl, a major component of butter flavoring, causes BO based
on cases of BO among chemical manufacturing workers who made diacetyl
(van Rooy et al., 2007) and animal studies that showed respiratory effects
from diacetyl alone. Other chemicals in flavorings are also likely to cause
or contribute to BO based on: (1) reports of BO in flavor-manufacturing
workers thought to be due to acetaldehyde (Lockey et al., 2002); (2) lung
disease in flavored popcorn-manufacturing workers for whom diacetyl was
not detected in the air (CDC, 2007a); and (3) rat butter-flavoring experiments
demonstrating respiratory damage in excess of that attributable to diacetyl
alone (Kreiss et al., 2002b).

B. Recommended interventions

Over 2000 different chemicals are used to formulate artificial flavors
(FEMA, 2004). Flavoring chemicals are generally volatile. Flavored pow-
ders produced by flavor-plating or spray dried processes may be inhaled
if these powders become airborne. Implementation of engineering con-
trols in flavor-manufacturing plants and food production plants can
minimize workers” exposure to flavoring chemicals. Of special concern
are processes that involve heat (as heat will increase the volatilization of
flavoring chemicals) and processes that agitate powders. High-exposure
processes are best enclosed in a separate room under negative pressure
and venting of the exhaust air to the outdoors distant from the air intake
vents for the facility. Effective use of local exhaust ventilation will
reduce exposures in mixing, blending, and spray-drying operations, as
well as exposures produced during the pouring and measuring of ingre-
dients; respective applications include use within mixing tanks, around
the perimeter of blenders and spray dryers, and at the point of operation
of pouring and measuring activities. Mixing vessels should remain lidded
during mixing processes. The process of adding ingredients to vessels
should be converted to an automated closed process. Respirators with
particulate filters and organic vapor cartridges should be used as an
interim measure until engineering controls successfully eliminate worker
exposures.
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Safe exposure levels to diacetyl and other flavor ingredients are not
known. It is likely that both peak and average exposures of diacetyl and
other chemicals are important. Exposure monitoring for diacetyl is recom-
mended with the intention of keeping diacetyl peak and 8-h TWA con-
centrations as low as possible. Eight-hour TWA and peak diacetyl
exposures for workers diagnosed with flavoring-related BO illustrate
how greatly these measurements may differ. The mean 8-h TWA for the
mixing room of the sentinel microwave popcorn plant where workers with
flavoring-related BO had worked was 37.8 ppm diacetyl (range: 2.3-97.9);
months later, using a direct-reading instrument (Fourier transform infra-
red spectroscopy, FTIR), the diacetyl level inside the headspace of the
holding tank was measured as high as 1230 ppm (CDC, 2006). The mean
8-h TWA for the powder production work area in a flavor-manufacturing
plant where other workers with flavoring-related BO had worked was
0.2 ppm diacetyl (range: 0.002-0.790) (using NIOSH method #2557), and the
peak diacetyl level using FTIR was 210 ppm (CDC, 2007b).

Some exposed workers in the flavor-manufacturing and food produc-
tion industries who have developed severe respiratory disease experienced
symptoms within months of exposure to flavoring chemicals. Other
exposed workers with fixed airways obstruction did not have any obvious
symptoms. Many workers with flavoring-related BO were initially misdiag-
nosed by their physicians as having asthma, emphysema, or chronic bron-
chitis. Because of the severity, permanency, short latency, and the
possibility of misdiagnosis of this disease, exposed workers should be part
of a medical surveillance program that includes spirometry testing. If air-
ways obstruction is identified, a bronchodilator should be administered and
spirometry repeated to establish the presence of fixed airways obstruction.
Spirometry should be initially conducted at time of hire (baseline test) and
should be repeated every 6 months. Newly hired workers with preexisting
lung disease should be medically evaluated to determine whether work
exposures place them at increased risk for progression of their lung disease.
Workers with posthire onset of fixed airways obstruction or a 15% or greater
drop in FEV; from the baseline value should be: (1) referred to a pulmonol-
ogist for medical evaluation; (2) relocated to prevent further exposures; and
(3) allowed to return to their previous job only if their physician does not
find fixed airways obstruction or 15% or greater decline in FEV;, or engi-
neering controls are implemented at the worksite to control exposures and
there is physician oversight. In workplaces with a case of work-related fixed
airways obstruction, coworkers should have spirometry testing more
frequently, such as every 3 months.

Quality spirometry is required both to minimize the number of workers
who are inappropriately referred to pulmonologists for evaluation and to
identify workers who may have decreased lung function compared to their
baseline spirometry test. Poor coaching by the spirometry technician may
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result in a poor effort by the worker being tested, which may be reflected by
inaccurately low lung volume results. If there is poor effort for an interval
spirometry test, the worker may be needlessly referred to a pulmonologist
for a medical evaluation; if there is poor effort for a baseline test, a
subsequent interval spirometry test may not detect a large drop in FEV;
when it exists. If a large decline in FEV; is detected, prompt removal of
affected workers may help maintain their lung function tests within the
normal range and prevent disability. Spirometry tests from on-site and
off-site testing locations frequently are of poor quality and do not
meet quality criteria of the American Thoracic Society (Miller et al., 2005).
Initial and refresher training of spirometry technicians, periodic quality
assurance evaluation of spirometry tests completed by individual
spirometry technicians, and quality spirometry testing equipment help to
insure good quality tests.

C. Timeline of the emergence of flavoring-related BO and the
industry and regulatory agency response

BO in microwave popcorn workers established a newly identified cause
of occupational lung disease. However, the problem had been present
several decades earlier when two workers in a company that made
flavored cornstarch and flour mixes were reported to have BO (CDC,
1986). The workers were nonsmokers in their twenties who developed
progressive shortness of breath and severe fixed airways obstruction
within 5-8 months of hire. Two former mixers in the same company
aged 36 and 38 who were exsmokers (22 and 10-15 pack-years, respec-
tively) and who did not have symptoms were identified to have moderate
airways obstruction, likely due to exposure to flavorings, given their age
and smoking histories. At the time, an association between butter-
flavoring exposures and BO was not made, although one of the workers
had attributed the symptoms to Cinna Butter, and diacetyl was one of the
common ingredients used in the plant.

Other workers with flavoring-related BO were not appropriately diag-
nosed, even after reports of flavoring-related BO were published in the
scientific literature (Kreiss ef al., 2002a; Lockey et al., 2002; Parmet and von
Essen, 2002), public health communications (CDC, 2002), and the press.
Frequent misdiagnoses by physicians included asthma, bronchitis, and
emphysema due to a presumptive diagnosis, an incomplete medical eval-
uation, and/or failure to make a connection with occupational exposures.

In 2002, 14 cases of flavoring-related BO among microwave popcorn
workers and flavor-manufacturing workers were reported (CDC, 2002;
Kreiss et al., 2002a; Lockey et al., 2002; Parmet and von Essen, 2002). The
NIOSH Alert on flavoring-related lung disease was disseminated in 2004
to flavor and food manufacturers and regional OSHA offices (CDC, 2004).
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In that same year, the Flavor and Extract Manufacturers Association
(FEMA) disseminated to its member companies a list of 34 high-priority
chemicals and 49 low-priority chemicals used in the flavoring industry
that were suspected to be respiratory hazards (FEMA, 2004). Exposure
control and medical surveillance of workers with spirometry testing were
recommended in both the NIOSH and FEMA communications. From 2006
to 2007 additional cases of flavoring-related lung disease were reported in
microwave popcorn-manufacturing workers (Kanwal et al., 2006), flavor-
manufacturing workers (CDC, 2007d), diacetyl-manufacturing workers
(van Rooy et al., 2007), and workers who popped corn and coated the hot
popcorn with powdered cheese and jalapeno flavorings (CDC, 2007a).

In July 2006, labor unions petitioned OSHA for an emergency tempo-
rary standard for diacetyl. In July 2007, OSHA began a National Emphasis
Program to address the hazards and control measures associated with
working in the microwave popcorn industry. Under this program, OSHA
prioritized inspections to this industry. In September 2007, due to con-
gressional input and renewed pressure by labor unions, OSHA began
formal rulemaking for occupational exposure to diacetyl and food flavor-
ings containing diacetyl. Formal rulemaking usually requires several
years to allow for a thorough review of the scientific literature, assessment
of the economic impact of a regulation, and stakeholder input. Frequently,
OSHA decides that no regulation should be established.

Consumer concerns about food product safety increased in September
2007 when information of a possible case of flavoring-related BO in a
patient who had daily consumed two or more bags of extra-butter-
flavored microwave popcorn for 10 years was released to the press
(Harris, 2007). A single case of disease is insufficient to make a causal
association between disease and exposure if the association cannot be
tested by other means. Because no other cases of BO among microwave
popcorn consumers have been reported in the medical literature or to
government agencies, the risk to consumers is unclear. However, the
perceived risk by consumers motivated flavor-manufacturing companies
to reformulate artificial butter flavoring used in microwave popcorn. Two
possible substitutes for diacetyl are starter distillate and diacetyl trimer.
Starter distillate is a diacetyl-containing product of a fermentation pro-
cess. Diacetyl trimer is a molecule that contains three diacetyl molecules.
The inclusion of these alternative substances neither eliminates diacetyl
nor assures safety for workers.

D. Liability

Workers’ compensation benefits pay workers for medical expenses and
lost wages due to occupational injury or illness. In exchange for carrying
workers’ compensation insurance, companies are protected against legal
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suits by their employees. Workers with flavoring-related BO have pursued
workers” compensation from their employers and have been involved in
third-party litigation against flavor-manufacturing companies (frequently
in the form of class action suits).

VI. RECOGNITION OF EMERGING OCCUPATIONAL
RESPIRATORY DISEASE IN THE FOOD INDUSTRY

There are a number of barriers to the recognition of currently unknown
causes of occupational respiratory disease in the food industry. Food
additives, including diacetyl, are classified by the US Food and Drug
Administration as “generally recognized as safe” (GRAS). This classifi-
cation is based on published studies of safety by consumption or on a
substantial history of consumption by a significant number of consu-
mers. The GRAS classification does not address safety of inhalation
exposures to workers in the food industry and may give employers
and workers a false assurance of safety. Physicians frequently do not
explore potential causative agents when evaluating individual patients
suffering from a common lung disease, such as asthma. Rarer lung
diseases, such as BO, may be misdiagnosed as a common disease, such
as asthma. The lack of work-related symptoms in some occupational
respiratory diseases (such as HP due to low-intensity exposures, emphy-
sema, and BO) can delay recognition of an occupational cause. Addition-
ally, physicians may attribute lung disease in smokers to smoking even
at ages younger than middle age when smoking-related obstruction is
improbable.

If a new cause of occupational respiratory disease is suspected, the
most appropriate action for employers, employees, or physicians is to
contact public health agencies, such as local or state health departments or
NIOSH. Public health agencies can utilize teams of medical staff, indus-
trial hygienists, and epidemiologists to investigate the potential problem.
Such multidisciplinary investigations can assess exposure, test for health
effects, describe process-related risk factors, define exposure-response
relationships, and make recommendations to control exposures. Referral
to OSHA is generally not productive as this is a regulatory agency, and
compliance officers address exposure levels of known regulated
chemicals and substances. Biological plausibility of potential causative
agents can be established through animal models in industry-funded
investigations, research institutions, or federal agencies. Effectiveness of
control interventions can be evaluated through longitudinal follow-up of
exposed worker populations.
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The extent of flavoring-related lung disease in food production is an
emerging endeavor outside of microwave popcorn- and flavoring-
manufacture industries. Butter flavorings are used in snack foods,
baked goods, candies, and dairy products. In December 2007, the media
raised concern about diacetyl risks in food service workers using butter-
flavored fats on grills (Schneider, 2007). Much more work needs to be
done to characterize the exposures and risks associated with working in
these food production and food service industries.

VII. PREVENTION OF KNOWN OCCUPATIONAL
RESPIRATORY DISEASES IN THE FOOD INDUSTRY

Exposure to hazardous agents can be minimized through enclosure of work
processes, use of lids on containers of mixing vessels, use of local exhaust
ventilation, mandatory use of respirators, and eyes and skin protection.
Emphasis should be placed on engineering controls to reduce exposure
rather than reliance on respiratory protection. Multiple problems are inher-
ent with respirator use. These include inadequate fit, respirator malfunction,
inappropriate use, and failure of workers to consistently use respirators
whenever exposed. For volatile exposures, a NIOSH-certified full-facepiece,
negative-pressure respirator with organic vapor cartridges is the minimum
level of respiratory protection recommended. If there are also particulate
exposures, as is the case in powder flavor manufacturing, then particulate
filters should be used in tandem with the organic vapor cartridges.
A comprehensive respiratory protection program (OSHA, 2007) includes a
written program, a program director, initial medical clearance and annual
fit-testing, filter and cartridge change-out schedules, training, and seal
checks whenever the respirator is used.

Prehire and periodic spirometry testing with bronchodilator trial may
help to identify new-onset reversible airways obstruction (asthma), as
well as fixed airways obstruction and excessive fixed FEV; decrements
(emphysema, BO). Many workers in the food industry are exposed to
occupational allergens. For these workers, prehire and periodic testing for
antibody sensitization will identify workers who may go on to develop
allergic respiratory diseases, including asthma. Periodic symptom ques-
tionnaires and reporting of respiratory symptoms to the director of safety
will target individuals who would benefit from further medical evalua-
tion. For workers with occupational allergic rhinitis, decreased exposures
and frequent medical follow-up may have utility in preventing progres-
sion to allergic asthma. Finally, if an occupational respiratory disease is
diagnosed, avoidance of further exposure is prudent.
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