Physical activity and sport competitions
under air pollution conditions
Exposure to ambient air pollution may cause adverse health effects. It can lead to the
development and/or exacerbations of pulmonary diseases such as COPD and asthma.
Moreover, it is an important factor in the pathogenesis of cardiovascular diseases and
even diabetes, and may increase mortality risk. Airborne particulate matter was defined
as a potential carcinogen by the World Health Organization (WHO). Particulate matters
(PM) are complex mixtures of extremely small particles and liquid droplets, made of
acids, chemicals, metals, soil or dust particles. It is common to refer to PM as different
fractions defined by size of the particles, measured in microns per meter cub or cm3,
for example: PM1 are particles that are one micron in diameter or smaller, and PM10 are
particles with the diameter of up to 10 microns. The size of the particles is directly
linked to their potential for causing health problems, as the smaller the particle is, the
deeper the particle can get into the lungs and the bloodstream.
Children have been defined as a sensitive group to air pollution influence: their body
systems (heart, lung and brain) are still developing, they spend more time outdoors
(Natural Resources Defense Council website), they breathe more air than adults (air
volume to body weight) and therefore have greater exposure when the air is polluted.
Additionally, because of young children's height and play habits (crawling, rolling) they
are more likely to be exposed to pollutants that are heavier than air and tend to
concentrate in their breathing zone near ground level. Furthermore, children are usually
more active than adults, especially when they are outdoors (playing, running etc.).
During physical activity, breath ventilation (ventilation volume per minute) and the
volume of air entering the body significantly increases, for example athletes can breathe
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more than 150 liters of air per minute (compared to 5-6 liters per minute at rest).
Moreover, during aerobic exercise, there is a shift from nasal breathing (in which an
initial pollutants filtering is carried out) to mouth breathing, resulting in large amounts
of unfiltered air that enters the body, and pollutants that are carried deeper to the lungs.
Therefore, physical exercise under ambient air pollution can lead to higher exposure to
pollutants, relative to the exposure of a non-active person under the same environmental
conditions. Exposure to air pollutants is proportional to the physical activity duration,
for example, long-distance running or football under conditions of air pollution will
expose the athlete to more air pollution than running 100 meters under similar
conditions.
It was shown that exposure to high levels of specific air pollutants such as Ozone (O3),
Carbon monoxide (CO), Nitrogen dioxide (NO2), Sulfur dioxide (SO2), and particle
matters (PM1, PM10, PM2.5), during physical activity may have health effects: It can
cause cough, pains in the chest, difficulties in breathing, sore throat, and headaches and
decrease lung function. Exposure to O3, for example, may produce free radicals causing
oxidative stress which may damage epithelial cells, induce inflammatory processes and
cause direct damage to the lungs (Florida-James et al. 2004). Studies have shown than
exercising under conditions of high O3 levels can be associated with the development
of asthma, and with cytogenetic damage in lymphocytes.
Aerobic training under conditions of air pollution (higher levels of CO, Ozone, and
PM10), was shown to lead to decreased levels of red blood cell counts, and increased
levels of white blood cell.
Although athletes’ vascular and pulmonary systems are more developed and trained
relative to the general population, their exposure to air pollution conditions while
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exercising may also have health effects, decrease their lung functions and their
performances. Repeated exposure of athletes to high levels of air pollution was shown
to induce inflammatory processes and was associated with developing asthma or airway
hyperresponsiveness, to pulmonary inflammation and to vascular endothelial
dysfunction.
Of note, several studies have shown that physical activity under air pollution conditions
do not cause immediate clinical problems, but rather reduces the health benefits of the
exercise, and that moderate exercise, even when carried out under air pollution
conditions, increases the lung function.
Due to the potential adverse health effects of physical activities under conditions of air
pollution, health organizations around the world published recommendations and
guidance for the general public and for vulnerable populations (e.g: the elderly or sick
people) in reducing the health impacts of air pollution regarding general and physical
activities. Most of these organizations recommend not to perform vigorous physical
activity under severe air pollution.
However, most of these recommendations are general and do not refer to sports
competitions, and there are no formal procedures for coping with sports competitions
under air pollution condition. There are several examples for specific Ad Hoc action for
coping with these challenges. For Example, in September 2015, the Israeli football
association canceled several football games due to sandstorms, and in December 2015
Iran's premier football league postponed two games over the weekend due to high
concentrations of air pollution. Another example relates to the Olympic games. The
International Olympic committee (IOC) does not have a formal air quality policy
regarding canceling Olympic competitions due to air pollution. However, in preparation
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for the Beijing 2008 Olympic games, the IOC Medical Commission established an Air
Quality Expert Panel (AQEP) to monitor air quality prior to and during the Olympic
games, and advise the IOC. The AQEP defined several Olympic competitions that are
at greater risk to air pollution due to their duration (more than an hour) and intensity,
such as marathons, triathlons and cycling road races. The panel defined an unacceptable
air pollution threshold as 150 μg/m3 (24 hours concentration) of PM10, according to the
Interim Target-1 of the World Health Organization (WHO) air quality guidelines for
2005. Eventually, the significant efforts done by the Chinese government to reduce air
pollution were effective and the air pollution was reduced. However, there is currently
no recognized regulation, procedure or standard regarding canceling or postponing of
professional sport competitions due to sandstorms or high level of air pollution.
When examining thresholds for cancelling sports competitions, we focus on the
athletes’ health. Athletes have higher ventilation rates and therefore may potentially be
exposed to more ambient contaminants. However, professional athletes may have
higher tolerance for ambient contaminants, and therefore can be considered as workers
(and their exposure to the risk can be considered as an occupational exposure). Workers
in general, and particularly athletes, are considered healthier than the general
population, since they do not include individuals who are very old, sick or very young.
In addition, they are not exposed to the pollutant for an entire lifetime. This is known
as the “healthy worker effect”, a well established term in occupational epidemiology.
Consequently, it is common to use one order of magnitude (multiple by 10) in order to
convert environmental values (related to the public) to occupational values (values
related to workers that are exposed on a daily basis).
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Israel is affected by dust storms which mostly increase the level of PM10. This poses a
significant threat on human health. Therefore, it was decided to relate to PM10 threshold
values for cancelling sports competitions. The alert value (the level beyond which there
is a real risk to human health, even for short-term exposure and as of which immediate
steps must be taken) for PM10, according to the Israeli Ministry of environmental
protection, is 300 μg/m3 per 24 hours and the ambient value (the level beyond which
there is a potential risk to human health) is 130 μg/m3 per 24 hours. Of note, the typical
PM10 levels in Israel are lower than 50 μg/m3 per 24 hours, but levels of above 1,100
μg/m3 per 24 hours were also measured in several regions in Israel. The alert value is
the base for determining the PM10 threshold values, in which outdoor physical activities
and/or sport competitions should be canceled, depending on the age of the
players/athletes:
(a) Professionally trained adults – As previously discussed, trained adult players can
be referred as workers, since training is their occupation. Therefore, the threshold value
for canceling adults outdoor sport activities (for trained individuals) should be the
ambient value multiplied by the occupational factor (10), and is therefore 1300 μg/m3
per 24 hours of PM10.
(b) Trained youth, ages 16-18 - the value for canceling older youth outside sport
activities is the same as the adults: 1300 μg/m3 per 24 hours of PM10.
(c) Younger youth, ages 14-16 - the threshold should be half of the adults’ threshold,
which is 650 μg/m3 per 24 hours of PM10.
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(d) Children (ages below 14) – since children are defined as a more sensitive group to
air pollution, the alert value by law (300 μg/m3 per 24 hours of PM10) should be the
threshold value.
Conclusions:
Most of the studies show that physical activity under outdoor air pollution conditions
(moderate and high) may cause health damage for the public and specifically for
athletes. The damage is dependent on the age, physical and health condition of the
individual, the activity endurance and type, and mostly on the type and level of air
pollution. Therefore, and according to the "Precautionary principle", it is recommended
both for the public and for players/athletes, to completely avoid any physical activity
under severe air pollution conditions, including activity of daily living. In addition, it
is recommended to cancel any outdoor physical activity or sport competition in case of
severe air pollution, according to the aforementioned recommendations.

References
American College of Sports Medicine (ACSM), 2000. Guidelines for exercise testing
and prescription. 6th ed. Philadelphia: Lippincort Willians & Wilkins.
Andersen ZJ, de Nazelle A, Mendez MA, Garcia-Aymerich J, Hertel O, Tjønneland A,
Overvad K, Raaschou-Nielsen O, Nieuwenhuijsen MJ. 2015. A study of the combined
effects of physical activity and air pollution on mortality in elderly urban residents: the
Danish Diet, Cancer, and Health Cohort. Environ Health Perspect. 123, 557-563.
Arizona Department of Health Services Office of Environmental Health, 2014). Dust
Storms and your Health.
Centers for disease control and prevention (CDC), Environmental Protection Authority
(EPA), 2014. Air Quality and Outdoor Activity Guidance for Schools.
Environmental Protection Agency (EPA) & Centers for disease control and prevention
(CDC), 2016. Asthma and outdoor air pollution.
Environmental Protection Agency website (EPA), 2016. Particulate matter.
6

Cutrufello PT, Smoliga JM, Rundell KW. 2012. Small things make a big difference:
particulate matter and exercise. Sports Med. 42, 1041-1058.
Dankovic DA, Naumann BD, Maier A, Dourson ML, Levy LS. 2015. The Scientific
Basis of Uncertainty Factors Used in Setting Occupational Exposure Limits. J Occup
Environ Hyg. 12 Suppl 1:S55-68.
Environmental and Health Fund (EHF), and the Israeli Ministry of Health (MoH), 2014.
Environmental Health in Israel.
Environmental Protection Authority (EPA), 2016. Air Quality Index (AQI) Basics.
Florida-James G, Donaldson K, Stone V., 2004. Athens 2004: the climate and athletic
performance. J Sports Sci. 22, 967-980.
Hayes AW. 2007. Principles and Methods of Toxicology, Fifth Edition. CRC Press.
Health Canada, 2008. Science Policy Note: The Application of Uncertainty Factors and
the Pest Control Products Act Factor in the Human Health Risk Assessment of
Pesticides.
Holland N, Davé V, Venkat S, Wong H, Donde A, Balmes JR, Arjomandi M. 2015.
Ozone inhalation leads to a dose-dependent increase of cytogenetic damage in human
lymphocytes. Environ Mol Mutagen. 56, 378-387.
Kargarfard M, Poursafa P, Rezanejad S, Mousavinasab F. 2011. Effects of Exercise in
Polluted Air on the Aerobic Power, Serum Lactate Level and Cell Blood Count of
Active Individuals. Int J Prev Med. 2, 145–150.
Kippelen P, Fitch KD, Anderson SD, Bougault V, Boulet LP, Rundell KW, Sue-Chu
M, McKenzie DC. 2012. Respiratory health of elite athletes - preventing airway injury:
a critical review. Br J Sports Med. 46, 471-476.
Kubesch NJ, de Nazelle A, Westerdahl D, Martinez D, Carrasco-Turigas G, Bouso L,
Guerra S, Nieuwenhuijsen MJ. 2015. Respiratory and inflammatory responses to shortterm exposure to traffic-related air pollution with and without moderate physical
activity. Occup Environ Med. 72, 284-293.
Lü J, Liang L, Feng Y, Li R, Liu Y., 2015. Air Pollution Exposure and Physical Activity

in China: Current Knowledge, Public Health Implications, and Future Research Needs.
Int J Environ Res Public Health.12, 14887-14897.
Marr LC, Ely MR., 2010. Effect of air pollution on marathon running performance.
Med Sci Sports Exerc. 42, 585-591.
Mcclenaghan T, Cooper K, Muldoon P, Vanderlinden L, Abelsohn A, Khatter K,
Keenan K. 2003. Environmental standard setting and children's health in Canada:
injecting precaution into risk Assessment. Journal of Environmental Law and Practice.
12, 245-279.

7

McConnell R, Berhane K, Gilliland F, London SJ, Islam T, Gauderman WJ, Avol E,
Margolis HG, Peters JM. 2002. Asthma in exercising children exposed to ozone: a
cohort study. Lancet. 359, 386-391.
McCreanor J, Cullinan P, Nieuwenhuijsen MJ, Stewart-Evans J, Malliarou E, Jarup L,
Harrington R, Svartengren M, Han IK, Ohman-Strickland P, Chung KF, Zhang J. 2007.
Respiratory effects of exposure to diesel traffic in persons with asthma. N Engl J Med.
357, 2348-2358.
Natural Resources Defense Council website.
Rundell KW, Slee JB, Caviston R, Hollenbach AM. 2008. Decreased lung function
after inhalation of ultrafine and fine particulate matter during exercise is related to
decreased total nitrate in exhaled breath condensate. Inhal Toxicol. 20, 1-9.
Strak M, Boogaard H, Meliefste K, Oldenwening M, Zuurbier M, Brunekreef B, Hoek
G. 2010. Respiratory health effects of ultrafine and fine particle exposure in cyclists.
Occup Environ Med. 67, 118-124.
State of Israel, 2011. Clean Air Regulations (Additional Values Air).
The Israeli Ministry of Environmental protection, 2009. Guidelines for behavior under
conditions of unusual air pollution.
The Israeli Ministry of Environmental protection, 2013. Procedure regarding public
warning about excessive air pollution.
The UK department for environmental food and rural affairs, 2014. Guide to UK air
pollution information resources
VICE, 2015. Air Pollution Is Causing Iran to Cancel Soccer (football) Games and Keep
Kids Home From School.
Victoria's hub for health services and business, 2015. Airborne dust.
World Health Organization, 2005. WHO Air quality guidelines for particulate matter,
ozone, nitrogen dioxide and sulfur dioxide Global update 2005.
World Health Organization. 2010. Air quality and control in: The health legacy of the
2008 Beijing Olympic Games: success and recommendations. pp 106-115. Manila:
WHO Regional Office for the Western Pacific.
World Health Organization website, 2014. Ambient (outdoor) air quality and health.
Ynet, 2015. Cancel of football matches.

8

