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Exposure considerations 

• Traffic-related air pollution (TRAP) exposure 
refers to exposure to primary (tailpipe and 
non-tailpipe) emissions from motor vehicles, 
not to the more broadly dispersed secondary 
pollutants such as ozone (O3) or secondary 
organic aerosols (SOAs) that are derived from 
these emissions. 
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Exposure considerations 

Exposure assessment of TRAP is challenging
– TRAP is characterized by high spatial and 

temporal variability.
– No exposure metric identified yet that uniquely 

indicates TRAP.
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Exposure considerations 

• Commonly used exposure metrics are 
measured or modeled concentrations of 
single pollutants considered indicators of 
TRAP (e.g., BC, NO2), and simple indicators 
of traffic (e.g., distance to roadways/traffic 
density at nearest road). 
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Exposure considerations
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Karner et al., 2010



Vehicle non-exhaust emissions 

• Direct brake wear: the fraction of pad, disc, and 
clutch wear particles that are directly airborne.

• Direct tire wear: the fraction of tire wear particles
(TWPs) that are directly airborne.

• Direct road wear: the fraction of road wear 
particles (RWPs) that are directly airborne.

• Road dust suspension: any particle on (paved) 
road surface that is suspended to air by vehicles 
or wind, including deposited brake/tire/road wear 
particles and other deposited.
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The context of new studies on health 
effects of traffic-related air pollution

• Change in air pollution levels and general decrease of emissions 
• Change in population structure and mobility

– More elderly and fewer children in some cities
– Migration of young adults
– Migration of populations with different ethnic background

• Changes in urban structure
– Low emission zones and congestion charges
– More green areas
– Inner cities versus outskirts (change in SES)

• Change in traffic composition 
– Larger vehicles, congestion
– Changes in public trasport
– Bike sharing and bike lanes
– Car sharing
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Summary of the evidence HEI 2010
• «Sufficient evidence to infer a causal association»

– Exacerbation of respiratory symptoms in children with asthma
• Between «Sufficient» and «Suggestive but not Sufficient»

– Asthma incidence in children
– Asthma prevalence in children

• «Suggestive but not Sufficient to infer a causal association»
– All cause mortality
– Cardiovascular morbidity
– Exacerbation of respiratory symptoms in adults 
– Lung Function

• «Inadequate and Insufficient to infer a causal association»
– Exacerbation of respiratory symptoms in children without asthma
– Health care utilization for respiratory problems in children
– Asthma in adults 
– Health care utilization for respiratory problems in adults 
– Chronic obstructive pulmonary disease (COPD)
– Non-asthmatic respiratory allergy
– Childhood cancer
– Lung cancer and other cancers in adults 



“The cumulative body of evidence indicates that short-term exposure to NO2
can cause respiratory effects, in particular, effects related to asthma 
exacerbation. Recent results also strengthen the evidence that the respiratory 
effects of short-term NO2 exposure are independent of the effects of many 
other traffic-related pollutants. There is now stronger evidence for a 
relationship between long-term exposure to NO2 and respiratory effects, 
particularly the development of asthma in children. Results suggest that 
short-term exposure to NO2 may be associated with cardiovascular effects and 
premature mortality and that long-term exposure may be associated with 
cardiovascular effects, diabetes, poorer birth outcomes, premature mortality, and 
cancer; however, it is uncertain whether NO2 exposure has an effect on these 
health outcomes that is independent from the effects of other traffic-related 
pollutants”.



NO2 per se….or…. not per se

«The Nitrogen Dioxide dilemma»



A Systematic Review on the Health Effects 
from Traffic-Related Air Pollution

• To systematically evaluate the evidence for the 
associations of exposure to traffic-related air pollution 
with adverse human health outcomes (up to mid-2019).

• Results will be quantitatively combined, where 
appropriate, which may be useful for future risk and 
health impact assessments of traffic-related air 
pollution. 

• The focus of the systematic review is the epidemiologic 
literature, especially on long-term effects.

• Non-tailpipe PM emissions will be specifically 
addressed, as well as the influence of traffic noise on 
traffic-related air pollution associations.
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ERS / ATS: Statement on Adverse Health
Effects (Thurston et al, 2017)

 Insulin Resistance
 Type 2 diabetes
 Type 1 diabetes
Bone metabolism Skin Aging

Stroke
Neurological development
Mental Health
Neurodegenerative diseases

Cardiovascular Disease Mortality
Cardiovascular Disease Morbidity
Myocardial Infarction
Arrhythmia
Congestive Heart Failure
Changes in Heart Rate Variability
ST-Segment Depression

Premature Birth
Decreased Birth Weight
Decreased foetal growth
 In uterine growth retardation
Decreased sperm quality
Preclampsia

High blood pressure
Endothelial dysfunction
 Increased blood coagulation
Systemic inflammation
Deep Venous Thrombosis

Respiratory Disease Mortality
Respiratory Disease Morbidity
 Lung Cancer
Pneumonia
Upper and lower respiratory symptoms
Airway inflammation
Decreased lung function
Decreased lung growth

ERS = European Respiratory Society
ATS = American Thoracic Society



Selected examples of recent studies

• Mortality long-term effects
• Mortality short-term effects 
• Respiratory symptoms in adults
• Lung function in children
• Respiratory symptoms in children 
• Neurological degenerative diseases
• Diabetes
• Low-birth weight
• Cognitive function in children
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Long-term effects on mortality, 
Ostro 2015
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“The strongest positive 
associations were for EC and BC 
adjusted for particle mass and 
respiratory mortality, 
2.66% (95% confidence interval: 
0.11, 5.28) and 2.72% (0.09, 5.42) 
per 0.8 and 1.0 μg/m3, 
respectively. These associations 
were robust to adjustment for 
other traffic metrics and regional 
pollutants, suggesting a degree 
of specificity with respiratory 
mortality and diesel exhaust 
containing EC/BC.”

Short-term effects on mortality

EC = elemental carbon
BC = black carbon



The Rome Longitudinal Study: 
PM components and Mortality

Cardiovascular Disease Mortality
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Results for particulate matter (PM) components were adjusted for PM mass. 

EHP 2013



20

The Lancet 2018

Short-term exposure to traffic pollution 
prevents the beneficial cardiopulmonary 
effects of walking.



Lifetime Exposure to Ambient Pollution and Lung Function 
in Children, Rice et al, AJRCCM 2016

“similar effects for FEV1 and FVC, i.e. a restrictive pattern”

FEV1 = Forced expiratory volume in one second; FVC = forced vital capacity;
AJRCCM = American Journal of Respiratory and Critical Care Medicine
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Changes in mean NO2 and changes in prevalence of bronchitic 
symptoms in children with asthma and without asthma.

2016



Dementia – Chen 2017
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Diabetes
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Epidemiology, 2018

Editorial:
Too much TRAFFIC at the crossroads of 
diabetes and endothelial dysfunction 
Zsolt Bagi, 2017
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BMJ 2017



Fig 2. Working memory development by high- or low-traffic-air-pollution school.

Sunyer J, Esnaola M, Alvarez-Pedrerol M, Forns J, Rivas I, et al. (2015) Association between Traffic-Related Air Pollution in Schools 
and Cognitive Development in Primary School Children: A Prospective Cohort Study. PLoS Med 12(3): e1001792. 
doi:10.1371/journal.pmed.1001792
http://journals.plos.org/plosmedicine/article?id=info:doi/10.1371/journal.pmed.1001792

http://journals.plos.org/plosmedicine/article?id=info:doi/10.1371/journal.pmed.1001792
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An excess risk of ischemic heart disease 
was observed among subjects aged less 
than 50 years (SMR = 1.63), corresponding 
to workers with a short duration of 
employment and a short latency since first 
employment.

Air pollution, 
Noise or Stress?



TRAP

Health 
effects

TRAFFIC

Vulnerability, eg. SES, 
pre-existing diseases  

Inflammation

Relationship between traffic air pollution and health

Noise

Strain-
stress

Stress-related 
mechanisms

Green areas 



Fig. 2. Spatial distribution of noise (LAeq,24h) and air pollution (PM2.5traffic) levels in central 
London. Estimates are for postcode centroids, median across the study period 2003–2010. 
Graphs show LAeq,24h (left) and PM2.5traffic (right) levels across a tr...

Daniela Fecht,  Anna L. Hansell,  David Morley,  David Dajnak,  Danielle Vienneau,  Sean Beevers,  Mireille B. Toledano,  Frank J. 
Kelly,  H. Ross Anderson,  John Gulliver

Spatial and temporal associations of road traffic noise and air pollution in London: Implications for epidemiological studies
Environment International, Volume 88, 2016, 235–242
http://dx.doi.org/10.1016/j.envint.2015.12.001

Noise and 
air 
pollution



Air pollution and noise 

• Separating effects of air pollution and noise. 
• Meteorology more associated with air pollution 

than noise .
• Noise varies less day-to-day than air pollution.
• Differences in dispersion: Quiet sides of 

buildings, barriers may affect noise exposure 
more than air pollution.

• There may be different biological pathways for 
noise and air pollution effects.



Green Space

• Possible mediating effects of green space on 
the health effects of air pollution and noise.

• Green areas, less traffic and noise.
• Improved both physical and mental health and 

well-being: Reduced mortality.
• Reduced hospital admissions.
• Improved mental health.
• Better pregnancy outcomes.
• Enhanced brain development.



Conclusions

• There is no unique exposure metric for traffic 
related air pollution.

• Changes in emissions and population 
characteristics over the years.

• Several health effects under study but few with 
definitive conclusive statements regarding the 
body of the evidence.

• Need for a systematic approach.
• The role of other factors (noise, stress, SES) 

should be evaluated. 33



Thanks!!!
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