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Ambient air pollution and the 
lungs: what do clinicians need 
to know? 
Educational aims
 To provide physicians with knowledge of the common ambient air pollutants and their   
 adverse effects on human lungs.
 To emphasise the fact that neonates, children and adults with pre-existing lung diseases are   
 a susceptible population that need to be protected from the harmful effects of ambient air   
 pollution.
 To educate physicians about the role of oxidative stress in mediating the harmful effects of   
 ambient air pollution, and the consequences that individuals with inherent defects in   
 antioxidant defence genes may be more vulnerable to the harmful effects.
 To provide physicians with current knowledge on the available dietary and drug sources of   
 antioxidants which have the potential to enhance lung defence mechanisms against   
 the harmful effects of air pollution.
 To encourage physicians to act as advocates to help reduce the levels of ambient air   
 pollutants and to conduct research that will not only identify susceptible individuals   
 by conducting genetic studies, but will also help in developing interventions that will reduce  
 the harmful effects of ambient air pollutants.
   Summary
Ozone, oxides of nitrogen, sulphur dioxide and particulate matter are the important ambi-
ent air pollutants associated with adverse health effects. A large number of ambient air 
pollutants have been isolated from the fetal cord blood indicating that babies are exposed 
to air pollutants even before they are born. Children and the elderly are most susceptible 
to the harmful effects of ambient air pollutants. High levels of ambient air pollutants are 
associated with increased incidence or worsening of asthma and increased risk of develop-
ing allergic diseases, respiratory symptoms and respiratory tract infections. Mortality rates 
also increase in individuals with pre-existing cardiorespiratory diseases. The underlying 
mechanism for the harmful effects is the generation of oxidative stress which induces a 
strong respiratory as well as systemic inflammatory response. Individuals with genetic 
defects in enzymes associated with antioxidant defences seem to be particularly vulner-
able to the harmful effects of air pollutants. Supplementation with antioxidants such 
as N-acetyl cysteine and sulforaphene has shown some protective effects in preliminary 
studies. High doses of vitamin C and vitamin E have shown some benefit in genetically 
susceptible asthmatic children. Physicians should play an important role in advocating 
to governments for a reduction in ambient air pollutants using innovative strategies and 
stricter legislation. Clearly more research is required to better understand intervention 
strategies to reduce morbidity and mortality due to ambient air pollutants, but in the 
meantime, the least we can do is to supplement diets with rich sources of antioxidants.
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Each day, we humans require ~400 L of 
oxygen to keep ourselves fi t and well. This 

huge requirement of oxygen can only be met 
by inhaling about 10,000 L of ambient air into 
the lungs, which in turn gets distributed via the 
extensive branching network of the airways into 
tiny alveolar sacs that comprise a surface area of 
~100 m2. Because such a large volume of ambi-
ent air comes directly in contact with the airway 
mucosa and the large surface area of the lung 
parenchyma everyday, the quality of air that we 
inhale determines the health of our lungs. Moreo-
ver, a signifi cant amount of inhaled air pollutants 
enters into the systemic circulation via the lungs 
and then has the potential to affect other body 
organs. Rapidly growing urbanisation and indus-
trialisation accompanied by increased amounts 
of fossil fuel burning has contributed signifi cantly 
to deteriorating air quality standards in most 
modern cities. Approximately 50% of people (3 
billion) in the world live in urban cities and towns 
and are exposed to increasing levels of ambient 
air pollutants. The remaining 50% of people live 
in homes that use biomass fuel for cooking and 
heating [1] , which generates very high levels 
of indoor air pollutants. Air pollution from both 
indoor and outdoor sources is a major contribu-
tor to deteriorating lung health in developed and 
developing countries alike. Air pollution is a major 

environmental risk to health and is estimated to 
cause ~2 million premature deaths worldwide per 
year. In this review, we discuss the impact of com-
mon ambient air pollutants on respiratory health 
and offer some potential measures that can be 
employed to help reduce these health impacts.

Which ambient air 
pollutants have a 
signifi cant impact on 
respiratory health?
Ambient air pollutants arise from a wide variety 
of sources and are classifi ed into primary and 
secondary categories. Primary air pollutants are 
emitted directly into the ambient air and include 
carbon monoxide (CO) and sulphur dioxide (SO2). 
Secondary air pollutants are formed in the air as a 
result of chemical reactions with other pollutants 
and these include ozone (O3) and nitrogen dioxide 
(NO2). Some pollutants, such as particulate matter 
(PM) can have both primary and secondary com-
ponents. All these pollutants have been shown to 
have signifi cant impacts on human health. Table 
1 lists the common sources of these pollutants, 
although most of them are emitted from motor 
vehicle exhausts and  industrial sources. Among 



Table 1 Common ambient air pollutants and their sources

Pollutant Major sources

Primary air pollutants

 CO Automobile exhausts 
Emissions from large industrial combustion sources such as electrical power plants

  SO2 Burning of fossil fuels (coal and oil) 
Smelting of mineral ores that contain sulphur 
Diesel exhaust 
Volcanic eruptions

Secondary air pollutants

 NO2 Combustion processes such as heating
 Power generation
Motor vehicle exhausts (petrol, diesel and compressed natural gas)

 O3 Formed by photochemical (sunlight) reactions in the presence of precursor pollutants such as nitric oxide, 
NO2 and volatile organic compounds 
Burning of fi re crackers

Primary and secondary air pollutants 

 PM Emitted from power stations, motor vehicle exhausts (especially diesel vehicles), road dust and other 
anthropogenic sources
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manganese and cadmium, which are associated 
with serious health hazards [4]. Large numbers of 
fi reworks are burnt in many countries, especially 
during festive seasons, and the accompanying 
personal exposures can be very high (fi gure 2). 
The burning of fi reworks during the Diwali festi-
val in India has been shown to be associated with 
ambient levels of SO2, peaking at 5.67 ppm [5]. 
These levels are 200 times above the safety limits 
set by the World Health Organization. 

How does ambient air 
pollution affect respi-
ratory health?
Antenatal effects of exposure to 
ambient air pollutants
The harmful effects of ambient air pollution 
begin even before the child is born. In a study 
conducted by the Environmental Working Group 
in collaboration with Commonweal in New York, 
NY, USA, researchers detected the presence 
of ≥200 different chemicals and ambient air 

all these pollutants, PM air pollution has received 
major attention since it has been shown to have a 
signifi cant impact not only on the lungs, but also 
on the cardiovascular system.

Particulate matter
PM can be both a primary and a secondary air 
pollutant. Particulates are emitted from a number 
of natural and anthropogenic sources, such as the 
combustion of fossil fuels. Particles having an aer-
odynamic diameter of <10 μm are called PM10 
and those <2.5 μm are called PM2.5.  Particles <1 
μm in diameter are called ultrafi ne particles or 
nanoparticles. Particles in these size ranges can 
easily enter into the distal portions of the lung 
and the systemic circulation. Moreover they act 
as vehicles transporting toxic chemicals into the 
human respiratory system [2]. The major sources 
of PM pollutants in the ambient air are motor 
vehicle exhausts (especially diesel exhausts), road 
dust and other anthropogenic sources. 

Diesel exhaust particles
Diesel combustion engines are one of the major 
sources of PM10 and PM2.5 in most urban cities 
(fi gure 1), largely because they emit up to 1,400 
times more particles than petrol combustion 
engines [3]. Moreover, the number of diesel cars 
has increased markedly in most countries (up to 
50% of car sales in Europe) over the past dec-
ade. This is because diesel engines are a lot more 
fuel effi cient and are widely promoted as “green” 
because they emit lower amounts of greenhouse 
gases (CO and carbon dioxide (CO2)), although 
this is signifi cantly offset by the large amount of 
PM they produce. Diesel exhaust particles mainly 
comprise elemental carbon at the core, adsorbed 
onto which are polyaromatic hydrocarbons and 
transition metals such as nickel and vanadium. 
The mass median diameter of these particles is 
~100 nm and therefore on a mass basis they 
have a much greater surface area and a greater 
ability to generate reactive oxygen species.

Fireworks
All fi reworks contain carbon and sulphur, which 
are necessary for burning. In addition, differ-
ent substances are added (arsenic, manganese, 
sodium oxalate, aluminium and iron dust pow-
der, potassium perchlorate, strontium nitrate 
and barium nitrate) to give colour. The burning 
of fi reworks releases a large amount of air pol-
lutants, particularly SO2, CO2, CO and PM along 
with several metal salts for example aluminium, 

Figure 2
Burning of fi reworks during festi-
vals (e.g. Diwali in India) is associ-
ated with high levels of ambient air 
pollutants, in particular SO2.

Figure 1
Diesel vehicles are a major source of 
PM air pollution.
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 pollutants in the umbilical cord blood of 10 ran-
domly selected babies [6]. The sources of these 
pollutants included burning of coal, gasoline and 
garbage, indicating that ambient air pollutants 
can traverse the lungs of pregnant mothers, enter 
into the systemic circulation and reach the grow-
ing fetus via the umbilical cord. The placenta, 
does not seem to offer any protection against 
the passage of these harmful pollutants into the 
fetus (fi gure 3). These pollutants that enter into 
the fetal circulation may have a signifi cant impact 
on growth and development by interfering with 
intracellular signalling pathways. Babies born to 
mothers exposed to high levels of ambient air 
pollutants have showed increased incidence of 
intrauterine growth retardation, low birth weight, 
pre-term birth and increased perinatal morbidity 
[7]. Increased prevalence of sudden infant death 
syndrome has also been found in association with 
increased levels of ambient air pollutants in time-
series analysis [8]. A recent study from Japan has 
demonstrated that intrauterine exposure to high 
levels of traffi c-related air pollutants and/or such 
exposure soon after birth increases the risk of 
developing allergic disorders in infants [9]. 

Neonatal effects 
Postnatal lung growth is divided into the fi rst 3 
yrs of life where new alveoli are developed, and 
later childhood where lung growth occurs by 
expansion. The effect of very early environmental 

exposures may therefore be more damaging, or at 
least qualitatively different, to exposures in later 
childhood [10]. A study from 11 cities in Canada 
that investigated the association between daily 
ambient levels of O3, CO, SO2 and NO2 and daily 
neonatal admissions for respiratory problems 
found a signifi cant correlation. The strongest 
effects were observed for ambient NO2 and O3. A 
study from Krakow, Poland, reported that during 
the fi rst year of their life, babies born to mothers 
exposed to high levels of PM air pollution during 
pregnancy had a 4.8-fold increased risk of cough, 
a 3.8-fold increased risk of wheeze without cold, 
and an 82% increased risk of a runny or stuffy 
nose as compared with babies born to mothers 
exposed to lower levels of air pollution [11]. MILLER 
et al. [12] reported similar observations from New 
York, but also reported a higher prevalence of 
asthma in children by the age of 2 yrs in mothers 
who were exposed to high levels of polyaromatic 
hydrocarbons during gestation. The above stud-
ies suggest that early exposure to ambient air 
pollutants increases the prevalence of respiratory 
symptoms and the risk of developing asthma dur-
ing early childhood.

Children are uniquely vulnerable 
Children seem to be particularly susceptible to the 
harmful effects of ambient air pollution because 
their lungs are growing. Lung growth is guided by 
a complex and precisely timed sequence of chemi-
cal messages. Many ambient air pollutants are 
chemicals that have the potential to interfere with 
these signalling pathways. The number of alveoli 
increases from 24 million at birth to 267 million 
at 4 yrs old and eventually to 600 million at adult-
hood [13]. Compared with adults, children have 
poor defences against PM and gaseous air pollut-
ants, have a differential ability to metabolise and 
detoxify environmental agents and have an air-
way epithelium that is more permeable to inhaled 
air pollutants [14]. Also, children have a greater 
level of physical activity than adults (an average 
physical activity duration of 124 versus 21 min per 
day) [15], hence the intake of air into the lungs is 
much greater than adults per day. Children spend 
more time outdoors than adults, particularly in the 
summer and in the late afternoon. Some of that 
time is spent in activities that increase ventilation 
rates. Greater intake of air means greater amounts 
of ambient air pollutants will enter into the lungs. 
During exercise, there is a 5-times greater deposi-
tion of particles into the lungs than during rest. 
Per bodyweight, the volume of air passing through 
the lungs of a resting infant or child is twice that 

Figure 3
Ambient air pollutants inhaled by  
pregnant mothers reach the grow-
ing fetus via the umbilical cord.
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Effects on lung function and lung 
growth in children
In a prospective study of 10-yr-old children that 
started with 1,759 children and lasted for 8 yrs, 
GAUDERMAN et al. [25] found a signifi cant associa-
tion between lung function parameters (forced 
expiratory volume in 1 s) and ambient levels of 
NO2, acid vapour, PM2.5 and elemental carbon, 
even after controlling for known confounding fac-
tors. Children who lived in areas with relatively 
higher ambient PM air pollution had a signifi cant 
decrease in FEV1 values compared with children 
who lived in areas with lower PM air pollution 
levels. These effects were similar in males and 
females and remained signifi cant even among 
children with no history of asthma. The magni-
tude of these effects was similar to those observed 
due to effects of maternal smoking reported in 
earlier studies [26, 27]. Schoolchildren residing 
in the city of Leicester, UK, showed a signifi cant 
decrement in lung function parameters that were 
associated with an increased number of car-
bon particles within the alveolar macrophages 
obtained by sputum induction [28], indicating 
that children exposed to higher levels of PM air 
pollution show signifi cant decrements in lung 
function parameters. Current levels of ambient 
air pollutants, even those recorded in some of the 
relatively cleaner cities in the world have shown 
a signifi cant adverse impact on lung growth in 
schoolchildren.

Effects on respiratory symptoms 
in adults
Adults exposed to high levels of ambient air pollu-
tion have shown increased prevalence of chronic 

of a resting adult under the same conditions, and 
therefore twice as much (per bodyweight) of any 
chemical in the atmosphere could reach the lungs 
of an infant [16].

Effects on schoolchildren
A number of epidemiological studies have 
reported associations between residential and 
school proximity to busy roads as a surrogate 
for high levels of ambient air pollution, and a 
variety of adverse respiratory health outcomes 
in children, including presence of respiratory 
symptoms and worsening of asthma exacer-
bations [17–23]. A growing number of studies 
also showed that children living in homes that 
are situated near roads with heavy truck traf-
fi c have an increased risk of new-onset asthma 
and asthma exacerbations accompanied by 
increased school absenteeism and asthma-
related hospitalisations [18, 19]. A recent study 
from Cincinnati, OH, USA, revealed that children 
exposed to the highest tertile of traffi c exhaust 
had a 45% increased risk of recurrent dry cough 
at night compared with children who were less 
exposed [20]. BRAUER et al. [21] reported positive 
associations between markers of traffi c-related 
air pollution and respiratory health outcomes, 
including asthma onset, incidence of wheeze, 
ear-nose-throat infections and serious colds or 
fl u in a large cohort of children 4 yrs of age, 
effects that were fi rst noted at the age of 2 yrs 
[22]. More recently, a Dutch study has reported 
that ambient PM air pollution mainly arising 
from motor vehicular exhausts was signifi cantly 
associated with increased incidence of asthma 
among schoolchildren [23]. In a study that 
investigated the association between the preva-
lence of wheeze and allergic symptoms and 
truck traffi c density in 13 and 14 yr old school 
children from Munster, Germany, BEHRENS et al. 
[24] reported that compared with children who 
lived in ‘never exposed to truck traffi c areas’, 
those children who lived in areas with rare, fre-
quent and constant fl ow of truck traffi c had a 
29%, 58% and 57% increased prevalence of 
wheeze, respectively. Similarly, the prevalence 
of allergic rhinitis increased by 20%, 35% and 
69%, respectively. The above studies suggest 
that children who live or study in areas of heavy 
traffi c (fi gure 4), especially with a large number 
of diesel vehicles, have a signifi cantly increased 
risk of developing asthma, allergic rhinitis and 
other respiratory symptoms. Children who have 
pre-existing asthma suffer worse symptoms 
when ambient air pollution levels are high.

Figure 4
Traffi c congestion – a major cause 
of ambient air pollution in all major 
cities in world.



240 Breathe    March  2010    Volume 6    No 3

Ambient air pollution and the lungs: what do clinicians need to know? 

cough, phlegm and breathlessness [29]. KNOX et 
al. [30] have shown that the allergenicity of grass 
pollens increases by a factor of up to 50, as deter-
mined by the amount of allergen-specifi c immu-
noglobulin E in nasal lavage, when it is mixed 
with diesel exhaust particles. Moreover, diesel 
exhaust particles can also induce the formation 
of new allergen sensitisation when instilled into 
the nose. Diesel exhaust particles therefore not 
only enhance the development of new allergies, 
but also amplify existing allergic disorders. Epide-
miological studies across the world have shown 
a consistent association between increased lev-
els of particulate air pollution and mortality due 
to cardiovascular and respiratory disease espe-
cially among older people [31]. In Switzerland, 
increased average annual ambient concentra-
tions of NO2 and PM were found to be associ-
ated with increased adjusted 1-yr prevalence of 
chronic cough or chronic phlegm production and 
breathlessness among adult never-smokers [32]. 
The risk of pneumonia also increases when eld-
erly subjects are exposed to high levels of PM air 
pollution [33]. High levels of ambient O3 have 
been shown to trigger asthma attacks and reduce 
lung function in adults [34]. The harmful effects 
of ambient air pollutants, especially in adults, are 
not only restricted to the lungs, but also cause 
signifi cant increases in cardiovascular disease 
[35, 36]. Traffi c policemen and bus drivers who 
spend long hours on busy roads inhaling high 
levels of ambient air pollutants in India show a 
signifi cant increase in lung oxidative stress and 
increased prevalence of cough, breathlessness 
and wheeze [37]. Ambient air, particularly in 
densely populated urban environments, contains 
a variety of known human carcinogens, including 
organic compounds such as benzol(a)pyrene and 
benzene, inorganic compounds containing ele-
ments such as arsenic and chromium and radio-
nucleotides [38] that increase the likelihood of 
lung cancer. Trucking industry workers who have 
had regular exposure to vehicle exhaust from die-
sel and other types of vehicles on highways, city 
streets and loading docks have an escalated risk 
of lung cancer with increasing years of work [39]. 

Adults exposed to high levels of ambient 
air pollutants therefore have an increased risk 
of developing respiratory symptoms, asthma, 
chronic obstructive pulmonary disease, allergic 
rhinitis, lower respiratory tract infections and lung 
cancers. Elderly subjects with underlying respira-
tory or cardiovascular disease are more likely to 
die when pollution levels are high. Apart from 
their impact on the respiratory system,  ambient air 

pollutants, and in particular, PM also increase the 
risk of cardiovascular diseases and  cardiovascular 
mortality.

How do ambient air pollutants 
damage the lungs?
The harmful effects of ambient air pollutants are 
caused by the formation of reactive oxygen spe-
cies, which in turn induce oxidative stress in the 
lungs inciting a powerful cellular and mediator 
infl ammatory response that spills into the sys-
temic circulation and causes harmful effects in 
other body organs [40]. We have earlier demon-
strated that a single 1-h exposure to high levels of 
diesel exhaust, commonly encountered alongside 
roads with heavy diesel traffi c, in healthy human 
volunteers under controlled conditions, increases 
airway mucosal numbers of neutrophils, T lym-
phocytes, B lymphocytes and mast cells, and is 
accompanied by increased levels of infl ammatory 
mediators in the lungs (histamine, fi bronectin, 
interleukin-8 and growth-related oncogene-) 
and a systemic infl ammatory response associated 
with increased levels of circulating neutrophils 
and platelets in the blood [41]. Ambient air pol-
lutants therefore cause not only oxidative stress-
induced airway infl ammatory responses, but also 
cause systemic infl ammatory responses by stimu-
lating bone marrow cells to release infl ammatory 
cells [42].

Genetic susceptibility
The harmful effects of ambient air pollutants, 
especially O3, NO2 and PM, are mediated by the 
generation of reactive oxygen species which inter-
act with different cellular and structural cells in 
the airways to cause infl ammatory responses. The 
human body offers resistance to these responses 
by mounting an antioxidant defence, which com-
prises glutathione, vitamin C, vitamin A, uric acid 
and CO. Among these, glutathione appears to 
be the most potent antioxidant that protects the 
lungs from harmful effects of air pollutants [43]. 

Mutations in the genes responsible for 
reduced glutathione synthesis have been shown 
to be associated with greater decrements in lung 
function after exposure to O3 [44], greater allergic 
responses and reduced lung function after expo-
sure to diesel exhaust particles. Importantly, the 
glutathione S-transferase Mu 1 (GSTM1) muta-
tion that is associated with reduced glutathione 
production is seen in ~50% of the global popula-
tion and varies from 25% to 75% across differ-
ent countries. It seems likely that individuals with 
this mutation are genetically more susceptible 
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 Reduce personal exposures
Despite the best intentions and efforts of most 
governments to reduce outdoor air pollution lev-
els these are unlikely to reduce substantially in 
the near future. The only options at hand then 
are to reduce personal exposures and to decrease 
susceptibility. Patients with asthma and COPD 
need to be particularly educated to avoid high-
level exposures and to avoid outdoor activities 
during periods of high pollution. They should 
be told to reduce outdoor activities when the air 
quality index is in the unhealthy range, increase 
peak fl ow checks during periods with poor air 
quality and exercise away from major roads [36].  
Several recent studies [15] have shown that chil-
dren attending schools located within 75m of 
highways have a higher prevalence of asthma 
than children attending schools located further 
away from high traffi c areas, therefore when new 
schools are being designed the distance from 
busy motorways should be taken into considera-
tion.

Reduce susceptibility to the 
harmful effects of air pollutants
Antioxidant supplementation
The harmful effects of ambient air pollutants 
become pronounced when the antioxidant 
defence mechanism becomes weak. Supplemen-
tation with antioxidants may therefore strengthen 
defence mechanisms and reduce the harmful 
effects of air pollution. Animal studies have dem-
onstrated that diesel exhaust particle-induced 
airway eosinophilic infl ammation and goblet cell 
hyperplasia can be attenuated by supplementa-
tion with N-acetyl cysteine (NAC), an antioxi-
dant that increases the level of glutathione in 
the lungs [50]. More recently we reported that 
supplementing bus drivers who are chronically 
exposed to high levels of vehicular air pollutants 
in India with 1,200 mg NAC per day signifi cantly 
reduced lung oxidative stress and improved lung 
function parameters [43]. Preliminary evidence 
suggests that dietary supplementation with 
sulforaphene, a potent inducer of antioxidant 
enzymes, reduces infl ammatory responses, espe-
cially in those exposed to diesel exhaust particles 
[51] and therefore offers promise as an air pol-
lution chemoprotective agent [52]. Sulforaphene 
is produced naturally by cruciferous vegetables 
(vegetable that have cross-shaped petals) includ-
ing Brussels sprouts, turnips, cabbage, broccoli 
and caulifl ower (fi gure 5).

Supplementation with vitamin C and  vitamin 
 A, especially in high doses, has shown some 

to the harmful effects of ambient air pollutants. 
Polymorphisms within the nicotinamide adenine 
dinucleotide phosphate (NADPH) quinine oxi-
doreductase-1 (NQO1) gene have also been 
shown to modify respiratory symptoms, lung func-
tion and risk of asthma in response to exposure 
to O3 and diesel exhaust particles [25]. Animal 
studies have reported that polymorphisms in the 
tumour necrosis factor- gene infl uence lung 
function in response to O3 inhalation [45]. These 
studies indicate that susceptibility to the harmful 
effects of ambient air pollutants may be geneti-
cally determined.

What role can 
physicians play?
Help reduce the burden of ambi-
ent air pollution
Advocate for policy change
A study has estimated that if ambient air pollu-
tion levels were reduced to match levels in the 
cleanest community, then annual asthma-related 
emergency department visits and asthma hospi-
talisation rates would decrease from 22% to 6%, 
prevalence of bronchitis would decrease from 
40% to 20% [46], asthma-related school absen-
teeism would reduce by two-thirds and new cases 
of asthma among the most active children living 
in polluted communities would decrease by 75% 
[47]. With the realisation that ambient levels of 
air pollutants in most cities and towns worldwide 
are associated with a signifi cant impact on lung 
health, it is imperative to take appropriate steps 
to reduce the levels of key pollutants, such as PM, 
oxides of nitrogen, SO2 and O3. Physicians and 
healthcare providers should advocate and edu-
cate governmental offi cials and policy makers 
and make them realise that the health of people 
should be at the top of the list of competing prior-
ities for policy making [48]. This can be achieved 
through good urban planning measures, innova-
tive traffi c management strategies [49], support-
ing technology advancements to use cleaner 
fuels and cleaner engines, and enforcing strict 
legislative norms for industrial emissions. 

Physicians should also advocate for govern-
ments to set air quality standards to protect the 
health of their citizens. The government should 
routinely monitor important ambient air pollut-
ants and the public should be informed when 
levels are above the safety limits, so that neces-
sary preventive measures be advised to individu-
als who are susceptible to the harmful effects of 
air pollutants.
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 benefi cial effects on small airway function in asth-
matics exposed to O3 who inherently synthesise 
low levels of glutathione. The results of animal 
studies suggest that supplementation with vita-
min C and vitamin E modulates the pulmonary 
response to exposure to photo-oxidants, such 

as O3 or NO2, and that vitamin C, uric acid and 
glutathione located in the respiratory tract lining 
fl uid are consumed on exposure to O3 and NO2 
[25, 50, 53]. However, more evidence is required 
before we can recommend regular use of antioxi-
dant supplements. In the mean time it seems pru-
dent to at least encourage vulnerable individuals 
to eat vegetables and fruits that are rich in anti-
oxidants. Individuals who are most likely to bene-
fi t from regular antioxidant supplementation are 
those who have genetic defects in enzymes that 
are associated with reduced antioxidant produc-
tion (e.g. GSTM1 null, glutathione S-transferase 
pi gene and NQO1). There is an urgent research 
need to develop a knowledge base of personal-
ised interventions that can enhance anti-oxidant 
defences in genetically susceptible groups to 
reduce adverse effects of air pollution. 

Figure 5
Cruciferous vegetables are a rich 
source of antioxidants.

Educational questions 
1. Which of the following statements is false?
a) The harmful effects of air pollution start even before birth.
b) Diesel exhaust particles increase the allergenicity by 50 times.
c) Ozone is a primary air pollutant.
d) The harmful effect of air pollution is mediated by the generation of reactive oxygen species.
2. Which of the following mechanisms make children more susceptible to the harmful effects of air pollution?
a) Poor lung defences.
b) Greater level of physical activity.
c) Airway epithelium more permeable as compared with adults.
d) Only a) and c).
e) All of the above.
3. The following are environmental risk factors for childhood asthma, except
a) Passive smoking.
b) Carbon monoxide.
c) Residence within 70 m from main road.
d) Maternal exposure to high levels of air pollutants during pregnancy.
e) PM pollution.
4. Which of the following form part of the different mechanisms through which air pollutants cause damage to the lungs?
a) Genetic mutations.
b) Reactive oxygen species formation.
c) Oxidative stress.
d) Local and systemic infl ammatory response.
e) All of the above.
5. Which of the following dietary supplements/drugs would you advise your patients to take to reduce the risk of lung oxidative 
stress?
a) Broccoli.
b) Vitamin B complex.
c) N-acetyl cysteine.
d) Vitamin C.
e) a), c) and d).
f) All of the above.
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