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Abstract

AIR POLLUTION CONTRIBUTES TO PREVENTABLE ILLNESS AND DEATH. Subgroups of patients
who appear to be more sensitive to the effects of air pollution include young chil-
dren, the elderly and people with existing chronic cardiac and respiratory disease
such as chronic obstructive pulmonary disease and asthma. It is unclear whether
air pollution contributes to the development of asthma, but it does trigger asthma
episodes. Physicians are in a position to identify patients at particular risk of health
effects from air pollution exposure and to suggest timely and appropriate actions
that these patients can take to protect themselves. A simple tool that uses the
CH2OPD2 mnemonic (Community, Home, Hobbies, Occupation, Personal habits,
Diet and Drugs) can help physicians take patients’ environmental exposure histo-
ries to assess those who may be at risk. As public health advocates, physicians con-
tribute to the primary prevention of illness and death related to air pollution in the
population. In this article we review the origins of air pollutants, the pathophysiol-
ogy of health effects, the burden of illness and the clinical implications of smog ex-
posure using the illustrative case of an adolescent patient with asthma.

Case
A 16-year-old girl and her mother visit their family physician in July because the
daughter woke up at 6 am that morning with shortness of breath, a cough and
tightness in her chest. The girl has a history of asthma and used salbutamol soon af-
ter the onset of symptoms, with some but not total relief. She reports having had no
symptoms during the previous month. She had a few episodes of wheezing the pre-
vious summer, which resolved with the use of salbutamol, and a cough that per-
sisted for 2 weeks after an upper respiratory tract infection in the winter. She has no
history of allergies, hayfever or other medical problems. She is a nonsmoker and
has no family history of allergies. Audible wheezing is detected on physical exami-
nation, but the girl does not appear to be in distress. Her vital signs are normal, as
are the results of the ear-nose-throat and cardiovascular examinations. Respiratory
examination reveals wheezing throughout chest, no focal findings and a centrally
placed trachea. The girl’s calves are soft and nontender, and there is no evidence
of ankle edema. Her peak expiratory flow is 240 L/min (expected for height 400
L/min). Spirometry testing is unavailable. Fifteen minutes after 2 puffs of salbutamol
her peak expiratory flow increases to 320 L/min. To identify possible exposures
that may have contributed to the asthma episode, the physician quickly takes an
environmental exposure history using the CH2OPD2 mnemonic — Community,
Home, Hobbies, Occupation, Personal habits, Drugs and Diet (Table 1).1

Questions surrounding this case: What was the patient’s exposure to outdoor
air pollutants? How should the patient and family be counselled about dealing
with these trigger factors? What are the possible inducers and triggers from in-
door air pollution? How can the patient and family find out about the status of
outdoor air quality in their community?

Origins of air pollutants

Air pollutants are derived from both natural and human activities. Conventionally
measured pollutants include ground-level ozone, suspended particulate matter, carbon
monoxide, nitrogen oxides, sulfur dioxide and reduced sulfur compounds such as hy-
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drogen sulfide. Predominant sources of these pollutants are
summarized in Table 2. Other airborne pollutants of concern
from a health perspective include metals (e.g., lead and mer-
cury) and hydrocarbons (e.g., benzene, formaldehyde and
trichloroethylene). These contaminants are not discussed in
this article, which deals with the pollutants listed above.

Ground-level, or tropospheric, ozone is distinguished
from stratospheric ozone. The latter forms a protective layer
around the earth. The former is a colourless gas formed
when its precursors, nitrogen oxides and volatile organic
compounds or hydrocarbons, interact in the atmosphere in
the presence of heat and sunlight.2,3 Stagnant air masses allow
ozone and its precursors to accumulate, which results in ris-
ing ozone levels. Nitrogen oxides are produced from fossil
fuel combustion by motor vehicles and by power plants and
other industries. Volatile organic compounds are produced
by fossil fuel combustion, petroleum refining, surface coating
(e.g., painting) and use of solvents. Another major source of
these volatile compounds is natural forests and vegetation.4

Particulate matter comprises very small particles of solid
or liquid matter that vary in size, chemical composition and
source and that remain suspended in air for long periods.
Fine particles (those less than 10 µ in diameter [PM10]) are
considered inhalable, and smaller particles (less than 2.5 µ
in diameter [PM2.5]) are considered respirable. When in-
haled, fine particles are capable of being deposited in, and
could damage the airways of, the lower respiratory tract
and the gas-exchanging portions of the lung5,6 and therefore
are of most interest in terms of health effects.2 These fine
particles tend to be generated from human activities, par-
ticularly the combustion of fossil fuels, especially diesel
fuel. In southern Ontario sulfate particles constitute 30%–
40% of the total mass of smaller particles.6

Smog is the name given to the chemical soup produced
from photochemical reactions in the atmosphere. Because of
the role that heat and sunlight play in its production, highest
levels of smog are recorded on hot, sunny days. Summer smog
is composed mainly of ground-level ozone and particulate
matter. Because ozone is not produced at high levels in cold
weather, winter smog is composed mainly of particulate mat-
ter and sulfur dioxide.7 Smog and its precursors can be trans-
ported long distances through the atmosphere by winds. In
the summer up to 50% of ground-level ozone in Ontario4,8

and significant amounts in the southern regions of Atlantic
Canada3 originate from the United States. The most frequent
episodes of summer smog in Canada occur in the
Windsor–Quebec City corridor. Other problem areas are the
southern Atlantic region, especially southern New Brunswick,9

and the lower Fraser Valley in British Columbia. Topography
plays an important role in the Fraser Valley, where ozone pre-
cursors produced in Vancouver are blown inland by the west-
erly sea breezes and trapped by the mountains.10 Although
smog is commonly seen as strictly an urban problem, and
sometimes even more narrowly as a “downtown” problem,
levels of ozone can be higher in rural areas and suburbs.11 This
is related to the chemical equilibrium of ground-level ozone
formation: high levels of the ozone precursor nitrogen oxides,
formed secondary to heavy vehicle traffic, can “scavenge”
ozone from the air and result in reduced local levels.

The Air Quality Index was developed to better inform the
public about air quality.12 It is a composite measure of 6 com-
mon air pollutants for which there is evidence of adverse ef-
fects on health and the environment: carbon monoxide,
ground-level ozone, nitrogen dioxide, sulfur dioxide, sus-
pended particulate matter (sometimes measured as a coeffi-
cient of haze) and total reduced sulfur compounds.12 In sum-
mer, poor air quality is usually related to a measured increase
in ground-level ozone, which is usually associated with an in-
crease in fine particles in the air.4 The Air Quality Index is re-
ported on a scale of 0 to 100 or more, the number correspond-
ing to the level of the pollutant that is highest relative to target
levels. The scale ranges from “very good” air quality (0–15 on
the index) to “very poor” quality (100 or more). For example,
the report might state that the air quality is poor (50) due to
ozone, which means that the ozone level is at 50 on the index.
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Table 1: Environmental exposure history of sample case using
the CH2OPD2 mnemonic1

Community The Air Quality Index was 60 the day before the patient
presented, and a smog advisory had been in effect for
3 days.

Home There were no recent moves or renovations. The
basement is damp. A gas range is used for cooking. The
family has had a cat for 5 years.

Hobbies No hobbies are reported that use glues or solvents or
that make sawdust in the house.

Occupation The patient recently started working as a waitress. Both
parents have office jobs.

Personal
habits

The mother smokes. The patient was involved in a
baseball tournament for 2 days before her presentation.

Diet The patient has no known food allergies or
intolerances. She avoids “junk” food except on
Saturday nights when she is out with her friends.

Drugs The patient takes no medications other than salbutamol
as needed and denies any use of recreational drugs.

Table 2: Common air pollutants and their main sources
related to human activity

Pollutants Main source

Carbon monoxide Vehicle emissions, combustion of other
fuels (e.g., wood)

Ground-level ozone Interaction of nitrogen oxides and volatile
organic compounds in the presence of
sunlight

Nitrogen oxides Vehicle emissions, combustion of other
fuels (e.g., by power-generating industries)

Sulfur dioxide Combustion of coal (e.g., power plants,
metal smelting) and other fuels (diesel)

Suspended particulate
matter

Combustion processes in vehicles and
industrial facilities, road dust

Total reduced sulfur
compounds

Paper production, coke ovens, refineries



A process has been initiated to revise the Air Quality Index to
reflect changes in our understanding of the health effects of air
pollution, including the occurrence of effects at levels previ-
ously thought to be safe and the effects of multiple pollutants
acting concurrently.13 Since 1993 Environment Canada, in co-
operation with provincial and municipal officials, has issued
smog advisories and alerts during the summer months when
average regional levels of ground-level ozone are forecast to
exceed a specified amount (usually about 82 parts per billion).15

Pathophysiologic effects

With respect to human exposure to air pollution, the in-
haled dose of pollutant is increased during outdoor activi-
ties related to work, play and excercise.15 During morning
and evening rush hours, peak levels of pollutants from vehi-
cle exhaust coincide with peak numbers of people making
their way to and from work and school, resulting in maxi-
mum population exposure.11

Inhaled ozone causes an inflammatory response, mani-
fested by increased airway permeability and bronchial hyper-
reactivity, and has been linked to reduced measures of pul-
monary function, increased cough and chest tightness in
controlled clinical studies. There is a marked individual vari-
ability in sensitivity to ozone, which cannot be predicted.2

There is some evidence that ground-level ozone might po-
tentiate the effects of allergens in people with asthma.16

Results from controlled laboratory studies of the effects
of suspended particulate matter differ in some respects from
observations in epidemiological studies. This is thought to
be due to the difficulty in reproducing the complex chem-
istry of ambient particulate matter in the laboratory.5 The
pathophysiological mechanisms by which particulate matter
affects the lungs and heart are not fully understood and are
likely to be varied since, unlike ozone, particulate matter is
chemically heterogeneous.2,5,6 However, recent evidence has
identified a variety of plausible mechanisms for the effects of
particulate matter.17,18 Some of these proposed mechanisms
could explain the association of both particulate and gaseous
pollutants with cardiovascular health outcomes; they involve
changes in autonomic control as reflected in changes in
heart rate,19–23 blood coagulability and viscosity,24–26 blood
pressure27 and bone marrow response.28

In controlled clinical studies nitrogen dioxide and sul-
fure dioxide have been linked to reduced lung function in
people with asthma, and carbon monoxide has been associ-
ated with reduced exercise tolerance, particularly in people
with coronary artery disease, because of the formation of
carboxyhemoglobin.2

Burden of illness

Despite a decline in the levels of some air pollutants, re-
cent epidemiological studies continue to demonstrate a link
between ambient air pollution and illness. This has been
observed even at the relatively low ambient concentrations

currently measured in Canada13,29–49 and elsewhere,50–55

which suggests that air pollution still poses a significant
public health risk to Canadians.

In 1987 Bates and Sizto46 published an analysis linking
“acid haze,” consisting of ozone and sulfate aerosols, with
hospital admissions because of respiratory conditions. Bur-
nett and colleagues47,48 subsequently replicated and ex-
panded upon these findings. They examined the rates of
hospital admission because of acute respiratory and cardiac
illnesses in 168 Ontario hospitals and found a significant
relation between increased admission rates and elevated
levels of both ozone and sulfate aerosols in the vicinities of
the hospitals over the 3 days before admission.

Numerous studies have also linked acute exposure to air
pollution with increased mortality.50,51,54,55 According to re-
cent estimates, about 8% of all nontraumatic deaths in 11
Canadian cities are attributable to the combined effects of
carbon monoxide, nitrogen dioxide, ground-level ozone
and sulfur dioxide,13 which translates into about 5000 pre-
ventable premature deaths annually.

Although there is a large body of literature linking air pol-
lution to acute adverse health effects, the impact of long-term
exposure is not as well understood. Increased mortality56,57 and
increased incidence of chronic bronchitis58 and lung cancer59

have been observed among adults and decreased lung func-
tion,40,45,53,60 increased frequency of bronchitis61 and increased
prevalence of asthma62 have been found among children in re-
lation to air pollution. However, there is insufficient evidence
to support a causal relation between ambient air pollution and
the development of asthma in children and adolescents.63 Air
pollution is thus most appropriately viewed as a trigger of
asthma.64 It is complex and difficult to separate out the ad-
verse health effects attributable to exposure to the different
pollutants in the urban air mix, and recent studies in Canada
have shown differing results.13,65 Similarly, increasing attention
is being paid to the relative contributions of air pollution and
aeroallergens, including pollens and fungal spores, to the oc-
currence of cardiorespiratory morbidity.35,42,66

The Ontario Smog Plan Steering Committee6 has es-
timated that, in Ontario, the total annual effects of par-
ticulate matter (over 90% due to respirable particulates
[PM2.5]) include 1725 premature deaths, from both respi-
ratory and cardiac causes, 1087 hospital admissions, 48 000
visits to emergency departments, 567 000 asthma-symptom
days and 8.35 million restricted-activity days. These esti-
mates are derived from numerous epidemiological studies,
which illustrated a relation between daily variations in the
level of particulate matter and acute health effects.

In a Toronto study nitrogen dioxide was found to be re-
sponsible for almost 40% of premature deaths related to air
pollution and 60% of hospital admissions because of car-
diorespiratory problems, with substantial mortality and mor-
bidity being related to both carbon monoxide and sulfur diox-
ide. These 3 pollutants are present all year round, with higher
levels in winter than in summer.65 As shown in the results of
the assessment of sulfur content in gasoline,67 rates of prema-
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ture deaths and hospital admissions reflect the tip of the ice-
berg relative to the larger spectrum of adverse health effects
of air pollution. In fact, in a study from France, over-the-
counter drug consumption represented the largest portion of
the costs of respiratory illness related to air pollution.68

A number of assessments of the potential benefits of im-
proved air quality in Canada have been conducted. An
analysis of the benefits of the new regulations pertaining to
sulfur in gasoline determined that reducing the sulfur con-
tent to 150 parts per million (ppm) by 2002 and to 30 ppm
by 2005 would prevent, over a 20-year period, 2100 deaths,
2400 hospital admissions, 6500 visits to emergency depart-
ments, 7200 new cases of chronic bronchitis, 89 000 cases
of bronchitis in children, 1.5 million restricted-activity
days, 3.1 million asthma-symptom days and 11 million in-
stances of acute respiratory symptoms.67

Besides affecting human health, air pollution also dam-
ages forests, crops and buildings.8 It is important to appre-
ciate that industries, homes and motor vehicles also emit
carbon dioxide, thus also playing a part in global warming,69

which itself has potentially huge effects on health at a
global level.70

Clinical management

Asthma is a disorder of the airways characterized by
paroxysmal or persistent symptoms such as dyspnea, chest
tightness, wheezing, sputum production and cough and is
associated with variable airflow limitation and a variable de-
gree of hyperresponsiveness of airways to a variety of stim-
uli.71 In the sample case described at the beginning of the
article, the patient’s signs and symptoms indicate reversible
airflow limitation. (Although we have chosen to focus on
asthma in the sample case, similar principles would apply to
the management of other cardiorespiratory conditions ex-
acerbated by air pollution exposure.)

Initial management involves an assessment of severity and
treatment response. In this discussion, however, we are less
concerned with the acute management of asthma and instead
focus on identifying the environmental factors affecting
asthma and the implementation of appropriate control mea-
sures.71 The most common factors affecting asthma include
allergens, respiratory irritants and viral infections. Allergens
and irritants are encountered both indoors and outdoors.71

The task of identifying a particular exposure that could
be related to an exacerbation of asthma can be like looking
for a needle in a haystack. An efficient approach involves
searching for a change in the environment related to symp-
tom onset or exacerbation rather than looking for a specific
exposure. Since the timing of symptom onset or exacerba-
tion is often linked to the source or setting of the exposure,
it helps to organize the exposure history by the possible
source or setting using the CH2OPD2 mnemonic — Com-
munity, Home, Hobbies, Occupation, Personal habits,
Diet and Drugs (Table 1) — to direct general and more
specific questions about possible exposures. [Information

on where to find a detailed exposure history questionnaire
appears at the end of the article.]

This approach can be elaborated by asking questions
such as: Are the symptoms temporally related to being in
the home, at work or outdoors? Was the onset of symp-
toms associated with any recent dietary or environmental
changes such as a move, a new work location, smog advi-
sories, renovations, or new hobbies, furniture, plants or
pets? Are symptoms better on weekends? Are symptoms
present when away from home or on vacation? Do they oc-
cur in other specific settings? Does anyone else at home or
at work have these or other symptoms that started around
the same time? Symptoms that worsen when a patient exer-
cises outdoors, particularly during smog advisories, may
signal outdoor air pollution as an exacerbating factor.

When outdoor air pollution is a factor, patients with
asthma and their families should be educated about the as-
sociation between smog and exacerbations of asthma. The
Ontario Medical Association has published smog advisory
health messages for physicians and patients, including spe-
cial messages for children, people working and exercising
outdoors and people sensitive to smog.72 The messages em-
phasize the need to be aware of smog alerts and advisories
issued in their area by the media and public health authori-
ties and to reduce exposure. Information on how to obtain
information on Air Quality Index readings and smog fore-
casts is also provided. Because outdoor physical activity in-
creases the dose of the pollutant delivered to the respira-
tory tract, people should be advised to limit time spent
outdoors during smog episodes, especially in the afternoon
and evenings, when ozone levels tend to be highest.2,3 The
diurnal pattern of fine particulate matter is less pro-
nounced, which makes it more difficult to know when to
reschedule outdoor activities within a given day. Patients
should monitor their peak expiratory flow during smog
episodes and increase their medication according to an es-
tablished action plan, if necessary; however, therapeutic
regimens should not be adjusted without evidence of an ad-
verse effect of air pollution on symptoms or lung function.2

Finally, it might be appropriate to educate patients about
how smog is formed and what they can do personally to re-
duce the problem. It must be emphasized, however, that
actions taken during smog episodes will not produce imme-
diate improvements in the environment. Also, patients
should be advised not to walk or cycle, thereby increasing
personal exposure, during smog episodes in an attempt to
help reduce emissions of smog precursors.

Prevention of air pollution

In the long term, primary prevention includes a variety
of individual actions to reduce air pollution,68 such as re-
ducing car use by using public transportation or car pool-
ing; walking or bicycling when smog levels are not high;
keeping cars well tuned, checking the emission control sys-
tem, avoiding idling for long periods and turning off the
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engine while waiting; buying a fuel-efficient vehicle, dri-
ving at moderate speeds and avoiding use of gasoline-
powered vehicles and machines (e.g., motorbikes, motor-
boats and gas lawnmowers); considering energy efficiency
at home; choosing alternatives to household cleaners and
oil-based paints that emit volatile organic compounds; and
disposing of toxic household waste appropriately.

Although it is important to provide information to moti-
vate individual behaviour change, primary prevention also
involves actions at a societal level.73 These include fuel and
motor vehicle emission standards, attention to urban plan-
ning and public transportation, and cooperative inter-
national action on transboundary air pollution. Recent
examples include implementation of more stringent re-
quirements to reduce the sulfur content in gasoline,67 new
Canada-wide standards for air quality14,74 and the recently
signed Ozone Annex to the Canada–United States Air
Quality Agreement.75

The questions answered

What was the patient’s exposure to outdoor 
air pollutants?

The patient in the sample case was involved in a baseball
tournament for 2 days before symptom onset. She spent
the time outdoors exposed to air pollutants and, by exercis-
ing and further increasing her respiratory rate, had in-
creased her exposure. She was therefore exposed to high
levels of ground-level ozone and fine particulate matter.

How should the patient and family be counselled
about dealing with these trigger factors?

• Advise the patient to try to reduce exposure by limiting
or avoiding outdoor activities during smog episodes
and, if necessary, to stay indoors at these times.

• Remind the patient and her family that ground-level
ozone is at its highest level during the afternoon and
evenings and that outdoor activities should be limited
during these times. Inform them that the diurnal pat-
tern of fine particulate matter is less pronounced, and
thus it will be more difficult to know when to resched-
ule outdoor activities in response.

• Instruct the patient to increase the monitoring of her
peak expiratory flow during smog episodes and to adjust
medications according to an established action plan.

• Advise the patient to consider changing her lifestyle
habits to reduce the production of air pollutants.

What are the possible inducers and triggers 
from indoor air pollution?

The possible inducers in the case study are dust mites in
the carpets, moulds in the damp basement and other mois-
ture-damaged materials, and the cat.

The possible triggers are the tobacco smoke from the
mother’s cigarettes, and nitrogen oxides emitted from the
gas range and other combustion appliances.

How can the patient and family find out about 
the status of outdoor air quality in their community?

They should be instructed to contact their provincial
ministry of the environment or the local medical officer of
health. Also, smog advisories and alerts are prominently an-
nounced in newspapers and on radio and television.
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Additional resources

• Agency for Toxic Substances and Disease Registry: www.atsdr.cdc.gov
/atsdrhome.html

• British Columbia Ministry of Water, Land and Air Protection air quality site:
wlapwww.gov.bc.ca/air/airquality

• Environment Canada air quality information: www.msc-smc.ec.gc.ca/aq_smog
/index_e.cfm and www.ec.gc.ca/air/introduction_e.cfm

• Greater Vancouver Regional District Air Quality Index report: www.gvrd
.bc.ca/services/air/emissions/AQIndex/aqindex.html

• Health Canada’s Health and Air Quality Web site: www.hc-sc.gc.ca/hecs-sesc/
air_quality/index.htm

• Lung Association: www.lung.ca/asthma, tel (toll free) 800 668-7682
• New Brunswick air quality information: www.msc-smc.ec.gc.ca/aq_smog

/NB/NB_e.cfm
• Ontario College of Family Physicians, Environmental Health Committee:

www.cfpc.ca/ocfp/commit.html
• Ontario Medical Association (OMA) ground-level ozone position paper:

www.oma.org/phealth/ground.htm
• OMA smog advisory health messages for physicians and patients: www.oma.org

/phealth/99smog.htm
• Ontario Ministry of the Environment air quality information: www.ene.gov.on

.ca/air.htm
• Toronto smog information: www.city.toronto.on.ca/health/smog/index.htm
• United States Environmental Protection Agency: www.epa.gov/ebtpages

air.html
• World Health Organization air quality guidelines: www.who.int/peh/air/

Airqualitygd.htm
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