1692 TABLE 311-2 Selected Common Toxic Chemical Agents That Affect the Lung
Agent(s)
Acid anhydrides
Acid fumes: H2SO4,
HNO3
Acrolein and other
aldehydes
Ammonia

Cadmium fumes
Formaldehyde

Halides and acid
salts (Cl, Br, F)
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Hydrogen sulfide

Selected Exposures
Manufacture of resin esters, polyester resins,
thermoactivated adhesives
Manufacture of fertilizers, chlorinated organic
compounds, dyes, explosives, rubber products,
metal etching, plastics
By-product of burning plastics, woods, tobacco
smoke
Refrigeration; petroleum refining; manufacture
of fertilizers, explosives, plastics, and other
chemicals
Smelting, soldering, battery production
Manufacture of resins, leathers, rubber, metals,
and woods; laboratory workers, embalmers;
emission from urethane foam insulation
Bleaching in pulp, paper, textile industry; manufacture of chemical compounds; synthetic rubber, plastics, disinfectant, rocket fuel, gasoline
By-product of many industrial processes, oil,
other petroleum processes and storage

Disorders of the Respiratory System

Isocyanates (TDI,
HDI, MDI)

Production of polyurethane foams, plastics,
adhesives, surface coatings

Nitrogen dioxide

Silage, metal etching, explosives, rocket fuels,
welding, by-product of burning fossil fuels

Ozone

Arc welding, flour bleaching, deodorizing, emissions from copying equipment, photochemical
air pollutant

Phosgene

Organic compound, metallurgy, volatilization of
chlorine-containing compounds
Manufacture of sulfuric acid, bleaches, coating
of nonferrous metals, food processing, refrigerant, burning of fossil fuels, wood pulp industry

Sulfur dioxide

Acute Effects from High or Accidental
Exposure
Nasal irritation, cough
Mucous membrane irritation, followed by
chemical pneumonitis 2–3 days later

Chronic Effects from Relatively Low
Exposure
Asthma, chronic bronchitis, hypersensitivity
pneumonitis
Bronchitis and suggestion of mildly
reduced pulmonary function in children
with lifelong residential exposure to high
levels
Upper respiratory tract irritation

Mucous membrane irritant, decrease in
lung function
Same as for acid fumes, but bronchiectasis Upper respiratory tract irritation, chronic
also has been reported
bronchitis
Mucous membrane irritant, acute respiratory distress syndrome (ARDS)
Same as for acid fumes

Chronic obstructive pulmonary disease
(COPD)
Nasopharyngeal cancer

Mucous membrane irritation, pulmonary
edema; possible reduced forced vital
capacity (FVC) 1–2 years after exposure
Increase in respiratory rate followed by
respiratory arrest, lactic acidosis, pulmonary edema, death
Mucous membrane irritation, dyspnea,
cough, wheeze, pulmonary edema

Upper respiratory tract irritation, epistaxis,
tracheobronchitis
Conjunctival irritation, chronic bronchitis,
recurrent pneumonitis
Upper respiratory tract irritation, cough,
asthma, hypersensitivity pneumonitis,
reduced lung function
Emphysema in animals, ? chronic bronchitis, associated with reduced lung function
in children with lifelong residential
exposure
Excess cardiopulmonary mortality rates

Cough, dyspnea, pulmonary edema may
be delayed 4–12 h; possible result from
acute exposure: bronchiolitis obliterans in
2–6 weeks
Mucous membrane irritant, pulmonary
hemorrhage and edema, reduced pulmonary function transiently in children and
adults, and increased hospitalization with
exposure to summer haze
Delayed onset of bronchiolitis and pulmo- Chronic bronchitis
nary edema
Mucous membrane irritant, epistaxis,
Chronic bronchitis
bronchospasm (especially in people with
asthma)

Abbreviations: HDI, hexamethylene diisocyanate; MDI, methylene diphenyl diisocyanate; TDI, toluene diisocyanate.

Firefighters and fire victims are at risk of smoke inhalation, an
important cause of acute cardiorespiratory failure. Smoke inhalation
kills more fire victims than does thermal injury. Carbon monoxide
poisoning with resulting significant hypoxemia can be life-threatening
(Chap. 473e). Synthetic materials (plastic, polyurethanes), when
burned, may release a variety of other toxic agents (such as cyanide and
hydrochloric acid), and this must be considered in evaluating smoke
inhalation victims. Exposed victims may have some degree of lower
respiratory tract inflammation and/or pulmonary edema.
Exposure to certain highly reactive, low-molecular-weight agents
used in the manufacture of synthetic polymers, paints, and coatings
(diisocyanates in polyurethanes, aromatic amines and acid anhydrides
in epoxies) is associated with a high risk of occupational asthma.
Although this occupational asthma manifests clinically as if sensitization has occurred, an IgE antibody–mediated mechanism is not necessarily involved. Hypersensitivity pneumonitis–like reactions also have
been described in diisocyanate and acid anhydride–exposed workers.
Fluoropolymers such as Teflon, which at normal temperatures
produce no reaction, become volatilized upon heating. The inhaled
agents cause a characteristic syndrome of fever, chills, malaise, and
occasionally mild wheezing, leading to the diagnosis of polymer fume
fever. A similar self-limited, influenza-like syndrome—metal fume
fever—results from acute exposure to fumes containing zinc oxide,
typically from welding of galvanized steel. These inhalational fever
syndromes may begin several hours after work and resolve within
24 h, only to return on repeated exposure.
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Two other agents have been associated with potentially severe lung
disease. Occupational exposure to nylon flock has been shown to
induce a lymphocytic bronchiolitis, and workers exposed to diacetyl,
which is used to provide “butter” flavor in the manufacture of microwave popcorn and other foods, have developed bronchiolitis obliterans
(Chap. 315).
World Trade Center Disaster A consequence of the attack on the World
Trade Center (WTC) on September 11, 2001, was relatively heavy
exposure of a large number of firefighters and other rescue workers
to the dust generated by the collapse of the buildings. Environmental
monitoring and chemical characterization of WTC dust has revealed
a wide variety of potentially toxic constituents, although much of the
dust was pulverized cement. Possibly because of the high alkalinity
of WTC dust, significant cough, wheeze, and phlegm production
occurred among firefighters and cleanup crews. New cough and
wheeze syndromes also occurred among local residents. Heavier exposure to WTC dust among New York City firefighters was associated
with accelerated decline of lung function over the first year after the
disaster. More recently, concerns have been raised about risk of interstitial lung disease, especially of a granulomatous nature.
OCCUPATIONAL RESPIRATORY CARCINOGENS
Exposures at work have been estimated to contribute to 10% of all
lung cancer cases. In addition to asbestos, other agents either proven
or suspected to be respiratory carcinogens include acrylonitrile, arsenic
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