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Air pollution and our health

ÅOur health can be affected by almost any 

dust, vapour, or gas which is not present 

in clean air.  

ÅSand storms, forest fire smoke, diesel 

fumes, and pulp mill emissions, and many 

other sources of dust, vapours and 

gasses, whether of natural or human 

origin, all have health effects.



Air quality monitoring

Indicator gasses and particles 
are measured (counted) 
world -wide through 
networks of fixed monitors 
which can be used to assess 
the contribution of local 
pollution sources, to 
estimate the local impact of 
long-range pollutant 
transport, and to compare 
levels of indicator gasses 
and particles between 
places and over time. 



Air quality monitoring and health

Monitor records have been compared to health 

complaints, hospitalisations, and recorded 

deaths to assess the health impact of pollutants 

over minutes, hours, days, months and years. 
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Pyramid of health effects of air pollution



What monitored levels canõt say about 

health
Monitor readings are just that:  they measure indicators 

(some of which are primary pollutants), and they 
provide pollutant levels where monitors are placed, 
rather than where people live or work.  Air quality 
advisories and the AQHI are driven by monitor 
readings.



Particulate matter air pollution size distribution
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Long-term particulate exposure

Long-term particulate 
exposure is 
associated with:

ÅMore frequent pre -
term births and low 
birth weight babies

ÅMiddle ear disease in 
children

ÅAccelerated heart 
and lung disease

http://www.google.ca/imgres?imgurl=http://images-cdn01.associatedcontent.com/image/A3850/38500/300_38500.jpg&imgrefurl=http://www.associatedcontent.com/article/101227/why_your_child_gets_an_earache.html&h=303&w=300&sz=7&tbnid=602_nL0sbDyEwM:&tbnh=116&tbnw=115&prev=/images?q=child+with+earache+image&hl=en&usg=__8f7u7BMz9mO0YJPg3K9rlS8UA-w=&ei=OpQ2SommFo_isQPOh7zSBQ&sa=X&oi=image_result&resnum=1&ct=image


Long term particulate exposure and 

life expectancy

When peopleõs health 
records over many 
years are compared 
to monitored air 
pollution levels 
where they live, it is 
clear that long -term 
particulate exposure 
leads to heart and 
lung disease and a 
shortened life 
expectancy. Harvard Six Cities Study 

(between community effects)



It matters where in the city you live

ñWe observed [PM2.5] effects 
nearly 3 times greater than in 
[studies] relying on comparisons between 
communities.ò 



Long term ozone exposure and 

health

ÅOzone is mainly toxic 
to the lungs.  Children 
exposed over years to 
ozone have poorer 
lung development and 
more asthma attacks. 
Adults have more 
progressive bronchitis 
and emphysema.  
Outdoor exercise 
accentuates the 
effects of ozone 
exposure.

Å 3,535 children in 12 
communities in Southern 
California

Å Over a 4-year period, playing 
3 or more outdoor team sports 
increased risk of new asthma 
by 1.8 (95% CI=1.2-2.8)

Å ¬Asthma risk observed in high 
ozone (4-yr mean = 59.6 ppb) 
communities (RR=3.3, 95% 
CI=1.9-5.8), but not low ozone  
(4-yr mean = 40 ppb) 
communities

McConnell R et al. Lancet 2002;359:386-91)



Impact of long -term air pollution 

on BC residents

A recent Canadian Medical Association 

estimate for BC residents projected 306 

premature deaths (of which 85% relate to 

long-term exposure), and 1158 hospital 

admissions for 2008 through exposure to 

air pollution.

http://www.cma.ca/index.cfm/ci_id/25265/la_id/1.htm


Short-term pollution exposure and 

health

Besides the problem 

of exposure to air 

pollution over 

months and years, 

exposures as brief 

as minutes to 

hours can also 

affect heart and 

lung health.

Short-term exposure results 

in:

ÅIncreased rates of 

myocardial infarction for 

those with risk factors 

for heart disease

ÅHeart rate disturbances

ÅEpisodes of acute asthma 

and bronchitis

ÅReduced lung function



Disastrous pollution: 1952 London òFogó

Davis, When Smoke Ran Like Water, 2002



1952 London Fog: health effects 

Bell & Davis. EHP Supp 2001; 109:389-94

ð3,000 excessdeaths in three weeks

ð12,000 excessdeaths over the next three months?

Bell & Davis. EHP Supp 2001; 109:389-94

ð3,000 excessdeaths in three weeks

ð12,000 excessdeaths three months?



Effect of fine ( ɻ) and coarse (ƺ) particles on

total mortality in published time series studies



Impact of short-term air pollution 

on BC residents

A recent Canadian Medical Association 

estimate for BC residents projected 306 

premature deaths (of which 15% relate to 

short-term exposure), 1158 hospital 

admissions, 8763 emergency department 

visits, and 2,526,900 minor illnesses 

related to air pollution during 2008.



Possible biological mechanisms linking PM with 

cardiovascular disease
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Notable Events: 1952 London òFogó

Davis, When Smoke Ran Like Water, 2002



1952 London Fog

Bell & Davis. EHP Supp 2001; 109:389-94

ð3,000 excessdeaths in three weeks

ð12,000 excessdeaths over the next three months?

Bell & Davis. EHP Supp 2001; 109:389-94

ð3,000 excessdeaths in three weeks

ð12,000 excessdeaths three months?



Davis, When Smoke Ran Like Water, 2002

1948 Donora, Pennsylvania



Davis, When Smoke Ran Like Water, 
2002

Notable Events: 1948 Donora, PA

www.oceanservice.noaa.gov

Photo taken at noon, Oct 29, 1948

Donora Steel Mill, 1948, during an inversion



1948 Donora, Pennsylvania

Davis, When Smoke Ran Like Water, 2002

Å20 dead within days

Å50 dead within a month

Å~6,000 ill



Attributable Mortality

Ezzati, Lancet 2002; 360: 1347ï60.

Risk Factor
Attributable 

Mortality

% of 

Total 

Deaths

Water, sanitation 1,730,000 3.1%

Indoor smoke from 

solid fuels
1,619,000 2.9%

Outdoor air 

pollution
799,000 1.4%

Occupational air 

pollution
356,000 0.6%

Occupational 

injuries
310,000 0.6%

Lead exposure 234,000 0.4%

ALL COMBINED 5,048,000 9.0%



Toxicology

Nadakavukaren, Our Global Environment, 2006



Key Concepts in 

Environmental Epidemiology

Å (Usually) not everyone who is exposed will 

develop the disease.
ð Not every smoker will develop lung cancer.

Å (Usually) not every case of the disease is the 

result of the exposure.
ð Not every case of lung cancer is due to smoking.

Å A correlation between A and B does not   

necessarily mean that A causesB
ð Having an ash tray in your home does not cause lung cancer.



Example: Long-term Exposure to 

Outdoor Air Pollution 

ÅThe Harvard Six Cities Study

ðProspective cohort study

ðCities with a wide range of air pollution

ð~8,000 participants

ð14-16 years of follow -up



or environmental 
factors in general

Harvard Six Cities Study

Dockery et al., NEJM, 1993

Cleanest Air Cities

Dirtiest Air Cities



Harvard Six Cities Study

Dockery et al., NEJM, 1993

ÅAdjusted for 

smoking, age, 

gender, BMI, 

education, 

occupational 

exposure



Harvard Six Cities Study

Laden et al., 2006

Elevated risks of cardiovascular mortality in 
more polluted cities



Adjusted Mortality Rate Ratios 

in Six Cities Study
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(Dockery DW et al., N Engl J Med 1993;329:1753-1759)



It Matters Where in the City You Live

ñWe observed [PM2.5] effects 
nearly 3 times greater than in 
[studies] relying on comparisons between 
communities.ò 

ñWe also foundéPM2.5 associated more strongly with 
ischemic heart disease than with cardiopulmonary or 
all-cause mortality.ò



Air Pollution and Cardiovascular Disease?

Á First epidemiologic 
evidence of air 
pollution link with 
atherosclerosis

Á Carotid artery wall 
thickness in 798 adults 
in LA

Á 10 ug/m 3 change in 
PM2.5 Ą 4% increase 
artery wall thickness

PM2.5 Exposure



Breaking News: Air Pollution 

and New-onset Asthma

Å3,535 children in 12 communities in Southern 
California

ÅOver a 4-year period, playing 3 or more 
outdoor team sports increased risk of new 
asthma by 1.8 (95% CI=1.2-2.8)

Å¬Asthma risk observed in high ozone (4-yr 
mean = 59.6 ppb) communities (RR=3.3, 95% 
CI=1.9-5.8), but not low ozone  (4 -yr mean = 
40 ppb) communities

(McConnell R et al. Lancet 2002;359:386-91)





Particle Deposition

ÅLarger particles (greater than 1 m) tend 
to deposit higher in the respiratory 
tract 

ÅSmaller particles tend to penetrate 
more deeply in the lung
ÅHowever, some of each deposit

throughout the respiratory tract

ÅChronic lung disease Ÿ up to 3X
deposition as in healthy people



Harvard 6-cities study

Å8111 adults followed for 14 -16 yr

ÅUsed annual average of PM in each city

ÅResults adjusted for age, sex, smoking, 

occupational exposure to dust, gases or fumes, 

education, BMI

ÅRR (all cause) = 1.26 (95%CI=1.08-1.47) 

ÅRR (cardio respiratory) = 1.37 (95%CI=1.11-1.68) 

ÅRR (lung cancer) = 1.37 (95% CI=0.81-2.31)



PM and Cardiac Arrhythmias
Among 100 patients with implantable 

cardioverter defibrillators, risks of >10 events 
(1995-1997), for 5 th-95th percentile change:

Pollutant metric                  OR (95% CI)

PM10  (lag 2)                       1.68 (0.98 -2.86)  

PM2.5  (lag 2)                      1.64 (1.03 -2.62)

Black carbon  (5-day avg)    2.16 (0.96-4.86)

CO (5-day avg)                    1.94 (1.01 -3.75)

NO2 (5-day avg)                   2.13 (1.76 -5.56)      

(Peters A et al. Epidemiology 2000;11:11-17)

Associations with black carbon, CO, and NO 2 

suggest link with traffic generally, not just PM



PM and Myocardial Infarction

ÅBoston study of 772 

patients interviewed 

about onset of 

myocardial infarction 

symptoms 

ÅPM10 and PM2.5 

measured 2 and 24 hours 

before symptom onset 

both showed elevated 

odds ratios
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òUnócommoner Pollutants

or òLess Talked Aboutó Pollutants

ÅVolatile organics

Å Wood smoke

Å Diesel fumes

Å Tobacco smoke

Å Benzene, vinyl chloride, butadiene,

Åformaldehyde é.

Å Mercury, arsenic éé.
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Pyramid of health effects of air 

pollution

lung function changes, immune cell responses, 

heart rate or heart rate variability responses 
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Effect of fine ( ɻ) and coarse (ƺ) particles on

total mortality in published time series studies



Effect of fine ( ɻ) and coarse (ƺ) particles on

respiratory emissions in published time series studies



Effect of fine ( ɻ) and coarse (ƺ) particles on
cardiovascular admissions in published time series studies
CVD: cardiovascular disease; HF: heart failure; IHD: ischaemic heart disease


