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Environment

• Air, water, minerals, organisms and all other 
external factors surrounding and affecting the 
organism at any time



Why are children more vulnerable?

• Children are exposed to a higher burden of airborne 
pollutants because of their greater ventilatory rate

• Their breathing zone is lower than that of adults so they are 
more exposed to heavier pollutants that tend to concentrate 
at lower air levels

• They spend more time outdoors, engaged in physical activity 

• They are also exposed at a vulnerable stage, when the 
immune and metabolic systems are less mature and the lungs 
are rapidly developing

• They are more likely to suffer the long term effects of 
exposures



“Criteria” air pollutants

• Ozone

• Carbon monoxide

• Nitrogen oxides

• Sulfur dioxide

• Particulate matter



Fiaa - Koura

Pine Forest - Beirut Calibration lab - 
IRI

PV System in the Pine 
Forest

Imane High School 
- Barja

Deir Ammar - 
North

Teir Debba - Tyre Barouk Reserve
LAU - Beirut





NO2 annual values over Greater Beirut

Lebanese MoE, 2017



PM annual values over Greater Beirut

Lebanese MoE, 2017



Ozone

• Results from a photochemical reaction 
between UV light and chemical precursors 
(volatile hydrocarbons, nitrogen and sulfur 
oxides…)

• Abounds in sunny areas, during specific 
seasons and times of the day

• Induces irritation and injury in the respiratory 
epithelium through generation of free radicals



The “summer camp” studies

• Ozone causes a dose-dependant drop in 
pulmonary functions (FEV1) in healthy 

children

Kinney PL et al, Environ Health Perspect 1996



Ozone exposure and pulmonary function

   Kurai et al, J Med Invest. 2018



ER visits with increased ozone concentration

Strosnider et al, AJRCCM 2019



Particulate matter

• Suspended particles: fine solids, aerosols, 
soil dust, road dust, soot, ash, molds, 
pollens…

• Generated from factories, mines and 
quarries, construction activity, dust 
storms, volcanoes, refuse burning, 
vehicular exhaust…

• Designated as PM10 or PM2.5, depending 
on the size in micrometers





Size matters



• Associated with increased airway 
inflammation and decreased immune 
responses to both viral and bacterial 
infections

• Promotes TH2 response by inhibiting 
production of INF-gamma (Guarneri and 
Balmes, 2014)



ER visits with increased PM2.5 concentration

Strosnider et al, AJRCCM 2019



Darrow et al. Am J Epidemiol 2014



Beijing Olympics 2008



• Outpatient visits for asthma decreased  by 
41.6%  during the Olympic games

• Exhaled NO was lower in schoolchildren 
during the Olympic games 

Li et al, Sci Total Environ. 2010
Lin et al, Environ Health Perspect. 2011









Gauderman et al, NEJM 2015



Traffic-related pollution and asthma: NO2

Khreis et al Environment International 2017



Traffic-related pollution and asthma: PM10

Khreis et al Environment International 2017



Traffic-related pollution and asthma: PM2.5

Khreis et al Environment International 2017



Smoking and Health
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Chao et al, Environ Int 2018

Cotinine and nitrosamines after ETS exposure



Mackay et al, NEJM 2010



Faber et al NPJ Prim Care Respir Med 2016



Conclusion

• Exposure to air pollution results in short and 
long term deleterious effects on lung health in 
children



Critical roles of health professionals

• Do research and publish

- Detect sentinel cases

- Inspire community-based interventions
• Educate patients, families, colleagues and 

students
• Advocate
• Provide good role model
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