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Talk 

• How useful are current air quality networks 
for exposure assessment (EA) for 
epidemiological studies? 

• Challenges of EA for selected epidemiological 
study designs 

• Limit to ambient concentrations and not touch 
on personal exposure (Mark Nieuwenhuijsen 
later today) 

 

 

 



Epidemiological studies 

• Short-term exposure    

– Time series studies 

– Temporal variation 

– Hours to days time scale 

• Long-term exposure 

– Cohort studies, cross-sectional studies 

– Spatial variation 

– Year(s) 

 

 



Challenges exposure assessment 

• Short-term: long complete daily series of 
pollutant concentrations 

 

• Long-term: annual average concentrations for 
a large number of locations (e.g. homes) in 
space 



Where do relevant traffic exposures 

occur? 

 Everywhere, as traffic emissions affect urban 

background 

 Major roads, if your home, workplace, school 

or day care center are located there   

 Participation in traffic 



Contribution of sources to PM2.5 in 
Erfurt 

Traffic

Long range

Crustal

Industry

Unknown



NO2 and soot decrease with distance to a 

freeway 
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Commuting exposures. Zuurbier, 2010 EHP 



Networks 

• Temporally rich (daily, often continuous) 

• Spatially sparse (few sites per city) 

• Often long series, historically consistent 

• Multiple pollutants 

• Criteria pollutants 

• Exposure oriented? 

 

 

 

 



Time series studies 

• Most based upon networks 

• Variation in time measured at a few sites 
predicts variations across the city well 

• Good correlation with personal exposure 

 





Issues   

• Siting  

• Time series length 

• Components measured 

– Coarse particles 

– Ultrafine particles 

– Composition of PM (metals, EC, OC, PAH) 

• Not appropriate for commuting exposures 



Long-term exposure studies 

• Between community studies 

– Expo often one value per city 

–  Strong assumption … 

– Between and within city variation 

• Within community studies 

– Individual often residential exposure 

– Challenging …. 



Harvard 6 cities study 

• Dockery DW, Pope CA, Xu X, Spengler JD, Ware JH, Fay 
ME, Ferris BG, Speizer FE. N Engl J Med. 
1993;329:1753-9. 

• Prospective cohort study 

• 9,000 subjects living in 6 U.S. cities, 
followed for 15 years  

• Cities varied in long-term 
concentrations of sulfur oxides and 
particles 

• One monitor per city 



Dockery, NEJM 1993; 329: 1753-9 







Within study area variation, ESCAPE study 
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Role of network monitoring 

• Typically several 100-s and 100-s addresses 

• Nearest station not attractive 

• Interpolation of measurements 

• Basis for land use regression models 

 



Interpolation of measurements 

 

 



Skene et al., 2010 AE 

1 1 2 2 ...... n nY X X X c      
• Land use regression (LUR) models have become popular to 

explain the spatial variation of air pollution concentrations.  

Background 

Advantage: 
1.Relatively simple input 
2.Low cost 







Why did we not use network data 
in ESCAPE as basis? 

 

1. Networks not dense enough to assess intra-
urban variability 

2. Too limited set of components 

a) Soot 

b) Elemental composition of PM 

c) PM10 and PM2.5 -> coarse PM 



Why did we not use network data 
in ESCAPE as basis? 

 
3. Differences  in monitoring methods across 

networks (esp. PM) 

4. Differences in siting of monitors 

5. Location of traffic monitors often does not 
reflect residential exposures (kerbside vs 
facade) 



How did we use network 

• Co-location (QA-QC) 

• Historic trends as we associate current 
measurements with past health ........ 



Correlation between previously measured concentrations 
and measured ESCAPE concentrations 

Stockholm 

Correlation N 

NO2 0.89 25 

PM2.5 0.46 14 

PM2.5 abs 0.75 14 
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Trend estimation 

• Components 

• Changes in sites 

• Changes in methods 



Alternatives 

1. Study-specific sampling (mobile campaign) 

2. Spatially more dense networks 

a) Passive sampling (NO2) 

b) Simple and cheap sensors  

c) Satelites  

3. Multi-component sites (long duration) 



Spatial distribution of ultrafine particles in urban settings: A land use regression 

model 

 

Marcela Rivera a,b,c,*, Xavier Basagaña a,b, Inmaculada Aguilera a,b,d, David 

Agis a,b, Laura Bouso a,b, Maria Foraster a,b,c,d, Mercedes Medina-Ramón a, 

Jorge Pey e, Nino Künzli f,g, Gerard Hoek.  

• Mobile monitoring campaign 

• 644 sites 

• 15 minutes per site 

• Models explain ~50% of 

measured variation 

 

 



Summary 

• Networks have been used extensively in 
epidemiological studies, esp. time series 
studies 

• Limitations include 

– Spatial density 

– Components (UFP, soot, composition) 

– Consistency 


