
Outdoor air pollution is a major environmental 
health problem affecting everyone in low, middle 
and high income countries. Ambient (outdoor) 
air pollution in both cities and rural areas was 
estimated to cause 4.2 million premature deaths 
worldwide per year in 2019; this mortality is due 
largely to exposure to fine particulate matter, which 
causes cardiovascular and respiratory disease, and 
cancers. The World Health Organisation (WHO)1 
estimated that in 2019, some 37% of outdoor 
air pollution-related premature deaths were due 
to ischaemic heart disease and stroke, 18% and 
23% of deaths were due to chronic obstructive 
pulmonary disease and acute lower respiratory 
infections respectively, and 11% of deaths were due 
to cancer within the respiratory tract. WHO also 
states that 99% of the world’s population breathe 
air that exceeds their maximum recommended 
level of pollutants. People living in low and middle 
income countries disproportionately experience 
the burden of outdoor air pollution with 89% of 
the 4.2 million premature deaths occurring in these 
areas. The greatest burden is found in the South-
East Asia and Western Pacific Regions. 
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Air pollution a problem for travellers? 

Pollutants
Some of the most important air pollutants are 
particulate matter, carbon monoxide, ozone, 
nitrogen dioxide, sulfur dioxide, polycyclic 
aromatic hydrocarbons and volatile organic 
compounds2. 

Particulate matter (PM)
Particulate matter (PM) is a common proxy 
indicator for air pollution. There is strong evidence 
for the negative health impacts associated with 
exposure to this pollutant3. The major components 
of PM are sulfates, nitrates, ammonia, sodium 
chloride, black carbon, mineral dust and water. PM 
is generated by motor vehicle emissions, industrial 
plant and power generation, domestic fires and 
stoves, and wildfires. Particle size is important4: 
particles 8 microns (PM8) or larger are filtered out 
by the upper airways; particles of 5 microns (PM5) 
or smaller can enter bronchioles; particles of 2.5 
microns (PM2.5) penetrate deep into lung tissue. 
Physiological effects on the respiratory system 
include production of free radicals, leading to 
oxidative damage to alveolar walls. Clinical effects 
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of inhaling PM2.5 may include airway irritation, 
coughing and difficulty in breathing, even in 
healthy individuals. More serious effects5 include 
exacerbation of asthma and COPD, decreased lung 
function, lung cancer, premature death in people 
with heart or lung disease, nonfatal heart attacks 
and cardiac arrhythmias. Children, and older adults 
are more likely to be affected by particle pollution 
exposure. PM2.5 levels are widely used as an 
indicator of the general level of air pollution. 

Carbon monoxide (CO)
Carbon monoxide is a colourless, odourless and 
tasteless toxic gas produced by the incomplete 
combustion of carbon-containing fuels such as 
wood, petrol, charcoal, natural gas and kerosene. 
The symptoms of poisoning due to inhaling 
carbon monoxide include headache, dizziness, 
weakness, nausea, vomiting, and, finally, loss of 
consciousness. The affinity of carbon monoxide 
to haemoglobin is much greater than that of 
oxygen due to the loss of oxygen as a result of the 
competitive binding of carbon monoxide. Hypoxia, 
ischemia, and cardiovascular disease may occur as 
a result of long term low level exposure, whereas 
acute exposure to high levels of CO is likely to 
result in death.

Ozone (O3)
7,8

Ozone at ground level, not to be confused with the 
ozone layer in the upper atmosphere, is one of the 
major constituents of photochemical smog and it 
is formed from oxygen by reaction with volatile 
organic chemicals, oxides of nitrogen and methane, 
its production being increased by heat6. Ozone in 
the upper atmosphere is formed by the action of 
high voltage electrical discharge in the atmosphere.
 
Ozone is a strong oxidant, 52% stronger than 
chlorine. Ozone increases DNA damage in 
epidermal keratinocytes and leads to impaired 
cellular function. Ozone affects the upper layers of 
the skin and the tear ducts. A study of short-term 
exposure of mice to high levels of ozone showed 
malondialdehyde formation in the upper skin 
(epidermis) but also depletion in vitamins C and E. 
It is likely that ozone levels are not interfering with 
the skin barrier function and integrity to predispose 
to skin disease. Ozone uptake usually occurs by 
inhalation. Due to its low water-solubility, inhaled 
ozone has the capacity to penetrate deeply into the 
lungs causing adverse respiratory effects in the 
general population such as difficulty of breathing 
and inflammation of the airways. These effects can 
aggravate lung diseases such as asthma, emphysema 
and chronic obstructive pulmonary disease 
(COPD). Long-term exposure to ozone is likely to 
be one of many causes of asthma development. It is 
likely to cause premature deaths, and the evidence 
is stronger for mortality due to respiratory illnesses 
than for that due to other diseases. Children are at 
increased risk from ozone exposure, as children 
have a relatively higher dose per body mass and 
children’s lungs are still developing.



Nitrogen dioxide (NO2)
9

NO2 is a gas that is commonly released from the 
combustion of fuels in the transportation and 
industrial sectors. It is a respiratory irritant which 
penetrates deep in the lung, causing respiratory 
diseases, coughing, wheezing, dyspnoea, 
bronchospasm, and pulmonary oedema at higher 
concentrations. Concentrations over 0.2 parts 
per million (ppm) produce these adverse effects 
in humans, while concentrations higher than 2.0 
ppm affect T-lymphocytes, particularly the CD8+ 
cells and NK cells, thereby affecting the immune 
response. Longer term exposure to high levels of 
nitrogen dioxide can be responsible for chronic lung 
disease and can impair the sense of smell.

Sulfur dioxide (SO2)
9

SO2 is a colourless gas with a sharp odour. The 
pollutant is produced by burning fossil fuels (coal 
and oil) and the smelting of mineral ores that contain 
sulfur. The annual standard for SO2 is 0.03 ppm. It 
affects human, animal, and plant life. Susceptible 
people such as those with lung disease, old people, 
and children are at higher risk of damage. The major 
health problems associated with sulfur dioxide 
emissions, particularly in industrial areas are 
respiratory irritation, bronchitis, mucus production 
and bronchospasm. It is an irritant and penetrates 
deep into the lung, being converted into bisulfite and 
causing bronchoconstriction. Skin redness, damage 
to the eyes (lacrimation and corneal opacity) and 
mucous membranes, and worsening of pre-existing 
cardiovascular disease may also occur. 

Polycyclic Aromatic Hydrocarbons (PAH)10

The distribution of PAH is widespread. They are 
found in coal and in tar sediments and are generated 
through incomplete combustion of organic matter, 
for example forest fires, incineration, and internal 
combustion engines. PAH compounds, such as 
benzopyrene, acenaphthylene, anthracene, and 
fluoranthene are recognized as toxic, mutagenic, 
and carcinogenic substances and are an important 
risk factor in the causation of lung cancer. 

Volatile Organic Compounds (VOC)11

Volatile organic compounds such as toluene, 
benzene, ethylbenzene, and xylene are found in 
paints, paint strippers and other solvents, wood 
preservatives, aerosol sprays, cleansers and 
disinfectants, moth repellents, air fresheners, fuels 
and automotive products, hobby supplies and dry-
cleaned clothing. They have been associated with 
cancer in humans. VOC pollute indoor air and 
may have adverse effects on human health. Short-
term exposure is found to cause irritation of eyes, 
nose, throat, and mucosal membranes, while those 
of long duration exposure include toxic reactions. 
Assessment of the toxic effects of complex VOC 
mixtures is difficult to estimate, as they may 
enhance each other’s effects, have antagonistic 
effects or not affect each other at all.

Air pollution and travel
As stated previously in this paper, PM2.5 levels are 
widely used as an indicator of the general level 
of air pollution. Figure 1 shows the worldwide 
distribution of PM2.5 pollution during 2020, the 
recommended average annual level being less than 
5µg/m3. The deeper the red colour, the higher is the 
level of PM2.5 pollution.



Figure 1: World map showing average annual levels of PM2.5 pollution in 202012

Figure 2 shows PM2.5 levels in µg/m3 for some of the world’s cities as recorded in the World Health 
Organisation’s Air Quality Database (2022 Update)13. Several thousand cities worldwide are included in 
this database, but the figure shows a selection that may be of interest to travellers, with London included 
for comparison. The maximum level recommended by the WHO is 5 µg/m3.

Figure 2



The PM2.5 levels shown in Figure 2 are average 
annual figures; in many cases, although they are 
the most up to date data available at the time of the 
report, they represent levels two or three years prior 
to its compilation and may, therefore, have improved 
or deteriorated in the intervening years. Air quality 
may vary from one part of a city to another and 
may vary considerably from city to city or region to 
region within a country. Therefore Figure 2 can be 
taken to represent only the situation in each city as a 
whole and not necessarily each part of the city or the 
whole country. Air quality becomes considerably 
worse when temperature inversions occur, trapping 
polluted air at lower levels in the atmosphere and 
in cities situated in valleys where pollutants may 
become trapped easily. As has been indicated in 
a previous paper on climate change and health, 
climate change is likely to exacerbate the effects of 
atmospheric pollution, and although all nations are 
likely to suffer to some extent the effects of climate 
change on health, low income countries are more 
likely to suffer such effects and to have difficulty in 
adapting to the changes14. 

From the data cited above it can be seen that a 
traveller from the United Kingdom seeking to escape 
from polluted city life to some exotic location may in 
fact be travelling to a place with even higher levels 
of air pollution. The author has personal experience 
of many visits to both India and Nepal, and while 
mountainous areas of both countries may indeed 
offer relatively pure air, their capital cities of Delhi 
and Kathmandu, frequently the points of arrival, 
often have air which feels virtually unbreathable. 
Even rural areas may have a polluted atmosphere, 
as air movement can carry industrial and traffic 
pollution from cities, and forest fires and crop 
burning may provide considerable local sources of 
pollution. While many healthy travellers may cope 
well with air pollution, not all will, and those in 
particular with respiratory problems such as asthma 
and COPD may suffer severe exacerbations, even if 
relatively symptom-free in their home environment.

Air pollution is, therefore, yet another issue for the 
travel health professional to take into account when 
advising travellers, especially those with respiratory 
or other chronic health problems, who need to be 
made aware that they may suffer exacerbation of 
their condition or may need to limit their activities 
at certain destinations. The travel adviser should 
consider the possibility of air pollution at the 
traveller’s destination and enquire about any cardiac 
or pulmonary conditions that may be adversely 
affected by it. The time of year and duration of 
travel may also be important, as climate and 
weather may cause variation in levels of pollution. 
Rain may dissolve or wash away pollutants, so drier 
conditions may result in increased pollution, and 
strong sunlight can predispose to the formation of 
ozone and photochemical smog. Longer trips will 
result in increased exposure to pollution. In areas 
of high pollution those with conditions likely to 
be exacerbated by exposure to pollution should 
avoid strenuous physical activity outdoors. If levels 
are extremely high, such individuals should stay 
indoors and even healthy individuals should avoid 
strenuous physical activity outdoors. As with most 
travel health hazards, the very young and the very 
old are more likely to be susceptible to the effects of 
air pollution. Patients with asthma or COPD must 
ensure that they have adequate supplies of their 
medication such as inhalers, with spares in case 
of loss. They should also carry appropriate rescue 
medication and know how and when to use it. 
The use of a face mask is likely to reduce PM2.5 
inhalation, but the effectiveness of masks varies 
considerably according to their type and how they 
are worn15,16. Surgical masks and cloth masks may 
reduce intake of PM2.5 by up to 20%, but often less, 
and carbon layer masks and N95 masks by up to 
60%.
Two sources of information about levels of air 
pollution that travel advisers may find useful are 
the World Health Organisation’s Global Health 
Observatory at https://www.who.int/data/gho/
data/themes/air-pollution and ArcGIS’s series of 
interactive maps at https://storymaps.arcgis.com/
stories/a3d0b0835b9e45b69f55e5ce94d84ddf.
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