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Source of the image: https://www.epa.gov/ground-level-ozone-pollution/health-effects-ozone-pollution
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Pyramid of health effects
People at higher risk
people with asthma
children
older adults
people active outdoors – vigorously
exercising, outdoor workers
• people with certain genetic
characteristics
• malnutrition
•
•
•
•

WHO, 2005

Mechanisms of ozone-dependent injury
• Complex events triggered by exposure to ozone
• direct oxidation of cellular constituents
• induction of respiratory and systemic inflammation
• neural reflexes
• Adaptive and protective mechanisms
• Impacts on immune system
• Factors affecting susceptibility and tolerance to ozone

Central role of inflammation in ozone-dependent injury
• Inflammation of the respiratory tract detected at ambient
ozone levels
• Inflammatory reaction with cellular influx and release of
mediators and cytokines
• Dose-dependent association between ozone and pulmonary
inflammation
• Indication of a systemic inflammatory response
• Impairment of pulmonary defence: mucociliary clearance,
macrophage activity and effects on circulating lymphocytes

Neural reflexes in ozone-dependent injury
• Stimulation of airway sensory nerves – effect of mucus secretion,
bronchoconstriction and permeability of lung microcirculation
• Contribution to the inflammatory process
• Enhancing or protective effect of neuropeptides on lung
inflammation

Mechanisms of ozone-dependent injury (2)
• Partial adaptation to ozone after repeated exposures due to
upregulated defence mechanisms
• Still, persistent pulmonary inflammation occurring, mainly in the
terminal bronchiolar segments
• Structural lung alterations - bronchiolar narrowing, alveolar
fibrosis, mucus hyperplasia, after longer exposure to ozone
• Pre-existing pulmonary disease, age and genetic factors
influence susceptibility to ozone injury

Ozone in WHO air quality guidelines
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Acute and chronic effects of ozone
Acute responses
• pulmonary system effects
• cardiovascular system effects
• time series morbidity and mortality effects
Chronic effects
• reduced lung function
• development of atherosclerosis
• development of asthma
• reduction in life expectancy

Acute responses to ozone – pulmonary system
• Solid evidence of impaired pulmonary function
• Transient obstructive pulmonary alterations for exposures to common
ozone concentrations
• Higher susceptibility of people with asthma and allergic rhinitis to changes
in respiratory function
• Changes in pulmonary function and depletion of airway antioxidant defence
immediately after ozone exposure
• Enhanced airway responsiveness in both healthy individuals and asthmatics
• Transient functional effects reported in field studies (such as summer
camps), at ozone levels considerably lower than in controlled exposures

Acute responses to ozone – cardiovascular
system, morbidity and mortality
•
•
•
•
•
•
•
•

Less and inconclusive evidence on cardiovascular system effects; methodological
challenges to distinguish effects due to ozone from those due to PM
Solid evidence on increased morbidity, mainly for respiratory conditions
Significant association between ozone and respiratory symptoms in asthmatic children
Robust associations between ozone and the numbers of hospital admissions for
respiratory conditions (after controlling for several factors)
Less evidence on the links between ambient ozone and cardiovascular morbidity
Significant associations with respiratory mortality and (to a lesser extent) cardiovascular
Mortality effects detected mostly in the elderly
Seasonal variation in the magnitude of the mortality risk (higher in warmer weather)

Chronic effects of ozone
•
•
•
•
•

Human and experimental data indicate that chronic exposure to ozone induces
significant changes in airways at the terminal bronchioli (reversibility?)
Epidemiological evidence of chronic effects less conclusive, due to major
methodological challenges
Epidemiological studies with the most efficient approaches provide evidence for
chronic effects of ozone on small airway function and possibly on asthma
Non-conclusive evidence on cardiovascular effects (systemic inflammation and
atherosclerosis)
The evidence on long-term exposure to ozone and chronic effects not sufficient to
recommend an annual guideline value

Guideline value for ozone

WHO, AQG 2005

Interim targets for ozone

WHO, AQG 2005

REVIHAAP study – new evidence on ozone
•

Evidence for effects of long-term exposure on respiratory and cardiorespiratory
(less conclusive) mortality

•

Some evidence for effects on mortality in people with predisposing conditions
(COPD, diabetes, heart failure and myocardial infarction)

•

New evidence on adverse effects on asthma incidence, asthma severity, hospital
care for asthma, lung function growth

•

Reinforced evidence on effects of short-term exposure on all-cause, cardiovascular and
respiratory mortality, and respiratory and cardiovascular hospital admissions

•

New experimental evidence of chronic injury and long-term structural changes in the airways
due to prolonged exposure to ozone and to ozone and allergens combined

•

New epidemiological and experimental data suggesting an effect of ozone on cognitive
development and reproductive health, including preterm birth

Expert consultation on the evidence for the
update of the WHO Global AQG
A general agreement with the REVIHAAP project
conclusions on the classical pollutants, which
stated that there is a need to revisit the current
guidelines for PM, O3, NO2, and SO2 as the
evidence base for the association between shortand long-term exposure to these pollutants and
health effects has become much larger and
broader since 2006.

Expert consultation – short term effects
• New mixed evidence of effects at levels below 100 μg/m³ for an
average 8-hour mean exposure
• Consideration of additional short-term averaging times
• Consideration of multipollutant models, due to the negative
correlation among ozone and other pollutants, which might affect
the CRF and threshold determination
• The use of the SOMO35 (sum of mean ozone values over 35 ppb)
indicator in the context of addressing management issues rather
than in the development of the guidelines

Expert consultation – long term effects
•
•

Support to the REVIHAAP conclusions – to consider the new evidence of adverse
health effects due to long-term exposure in the revision of the guidelines
Consideration the US EPA ISA for Ozone and Related Photochemical Oxidants on:
–
–

•

likely to be a causal relationship between long-term exposure to O3 and respiratory effects
the evidence was suggestive of a causal relationship for long-term exposure to O3 and
cardiovascular effects, reproductive and developmental effects, cancer, and total mortality

Strong support to review the evidence to consider the development of a
numerical guideline for long-term exposure to ozone
–
–

potential major policy implications, including the need to address global emissions of ozone
precursors, and impacts on other areas such as climate change mitigation and ecosystems
need to addressing confounding due to multipollutant exposures, considerations on seasonality,
and effects due to repeated peaks of exposure versus chronic exposure

Update WHO Global Air Quality Guidelines
(ongoing)
Systematic reviews of evidence
• long- term PM2.5 and PM10 and all-cause and cause-specific
mortality (respiratory, cardiovascular and lung cancer)
• long-term NO2 and O3 and all-cause and respiratory mortality
• short-term CO and emergency department visits/hospital
admissions (ED/HA) due to ischemic heart disease
• short-term PM2.5 and PM10, NO2 and O3, and all-cause and
cause-specific (PM only) mortality
• short-term SO2, O3, NO2 and ED/HA due to asthma

Intensive research activities ongoing….

Thank you for your attention

http://www.euro.who.int/en/health-topics/environment-and-health
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