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Early “Killer smog” episodes demonstrated that air pollution at extreme 
levels can contribute to respiratory and cardiovascular disease and death 

Dec. 5-9, 1952: London--1000’s of excess deaths 

Dec. 1-5, 1930: Meuse Valley, Belgium 
60 deaths (10x expected) 

Oct. 27-31, 1948: Donora, PA 
20 deaths, ½ the town’s population fell ill 

Respiratory and cardiovascular  
disease and death 



London Fog Episode, Dec. 1952 

From: Brimblecombe P. The Big Smoke, Methuen 1987 



London Fog Episode, Dec. 1952 

From: Brimblecombe P. The Big Smoke, Methuen 1987 

Note the concentrations of 
PM or BS (British Smoke): 
 
High concentrations about 
 
1.7 milligrams (mg/m3) or  
1,700 micrograms (µg/m3) 
 
Low concentrations about 
150 µg/m3 
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The Clean Air Act and NAAQSs basically assumed “threshold” 
exposure-response relationships between adverse health effects and 
“criteria” pollutants.  Debate was largely about “where is the threshold” 
and “what is an adequate margin of safety.” 
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In the early 1980s threshold levels at between 150 and 500  

Our perspective about what consists of “low-level air 
pollution has changed over the last several decades 

1984 



British Smoke
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Schwartz and Marcus.  Am J Epidemiology 1990  

Early analyses of 
concentration-response 
function. 
 
Used London mortality 
data for 14 winters 
 
C-R function less steep 
at higher concentrations 
 
No evidence of a 
threshold 
 

1990 
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Early 1990’s 
 
To explore for effects at low pollution 
levels, many early single-city time-series 
Studies used quintile (or quartile) 
Analysis where indicator variables for 
Different ranges of air pollution were 
Included in the time-series regression 
models. 
 
Examples  . . . .  
 

Schwartz.  Environ Res. 1991 

Dockery et al. Environ Res. 1992 Pope et al. Arch Environ Health 1992 

Schwartz and Dockery. 
 Am Rev Respir Dis. 1992 

Saldiva et al. Arch Environ 
Health 1995 

Schwartz and Marcus. 
 Am J Epidemiology 1990  
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Mid to late 
1990’s 
 
Various parametric 
(spline functions) 
or non-parametric 
smoothing approaches 
to allow for flexible 
fitting of C-R. 
 
Examples: 
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(Daniels et al. 2000;
Dominici et al. 2003)
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(Samoli et al. 2005)
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Early to mid 
2000’s  
 
Combined or “meta-smoothed” 
C-R function estimated using 
multiple cities—enhancing 
statistical power and 
generalizability. 
 
Examples: 



Median PM2.5 for aprox. 1980
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Population-based mortality rates studies 
rates in U.S. cities. 1970’s and 1980s 

http://www.amazon.com/gp/product/images/1617260584/ref=dp_image_0?ie=UTF8&n=283155&s=books
https://wiki.ece.cmu.edu/ddl/index.php/Image:LesterLave.jpg


1993 + Cohort Mortality studies 
Harvard Six Cities Study, 
Dockery et al. 1993.  

 

http://content.nejm.org/
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Reduction in fine particulate air pollution: 
Extended follow-up of the Harvard Six Cities Study 
(Laden, Schwartz, Speizer, Dockery. AJRCCM 2006) 
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ACS CPS-II Cohort Study, 
Pope et al.  1995, 2002 

http://jama.ama-assn.org/


Miller et al. Long-Term exposure to Air Pollution and risk of 
Cardiovascular death Women. NEJM 2007 



2012 EHP 
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Figure 1.  Adjusted relative 
risks (and 95% CIs) of IHD 
(light gray), CVD (dark 
gray), and CPD (black) 
mortality plotted over 
estimated daily dose of 
PM2.5 from different 
increments of current 
cigarette smoking.  
Diamonds represent 
comparable mortality risk 
estimates for PM2.5 from air 
pollution.  Stars represent 
comparable pooled relative 
risk estimates associated 
with SHS exposure from 
the 2006 Surgeon 
General’s report and from 
the INTERHEART study. 
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Figure 2.  Adjusted relative 
risks (and 95% CIs) of 
ischemic heart disease 
(light gray), cardiovascular 
(dark gray), and 
cardiopulmonary (black) 
mortality plotted over 
baseline estimated daily 
dose (using a log scale) of 
PM2.5 from current 
cigarette smoking (relative 
to never smokers), SHS, 
and air pollution. 
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2014--EHP 

Integrated Exposure-Response (IER) 
model for ischemic heart disease 
integrating information from studies 
of ambient air pollution (AAP), 
second hand smoke (SHS), and 
active smoking. 



2014--EHP 

Integrated Exposure-Response (IER) 
model for acute lower respiratory  
Infection in infants integrating 
information from studies 
of household air pollution (HAP), 
ambient air pollution (AAP), and 
second hand smoke (SHS). 



ACS CPS-II CanCHEC 

Air Qual Atmos Health 2016 



0.1 1.0 10.0 100.0

A
dj

us
te

d 
R

el
at

iv
e 

R
is

k

1.0

1.5

2.0

Estimated daily dose of PM2.5, mg (log scale)

Exposure from:
Second hand
cigarette smoke (circles)
and air pollution (diamonds)

Exposure from smoking
<3, 4-7, 8-12, 13-17, 18-22,

and 23+ cigarettes/day

0 60 120 180 240 300
1.0

1.5

2.0

Estimated daily dose of PM2.5, mg (log scale)

fitted curve from
original report

Approximate dose-response
from representative studies of
short-term and long-term
ambient PM exposures

Approximate dose-response
from representative studies of
short-term and long-term
ambient PM exposures

A B

(linear scale) 
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2015 



Great HEI Initiative and Teams            

Michael Brauer  

 University of British Columbia 

Bert Brunekreef  

 Utrecht University, Netherlands 

Francesca Dominici  

 Harvard University 

2017 and beyond— 
 or how low can we go? 
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