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Abstract

It is an inconvenient truth that when one gazes across the iconic Victoria Harbour of our 'Pearl of the
Orient', we are greeted by thick smog that enshrouds our skyline. Our city's persistently poor air
quality insidiously undermines our health, and those most vulnerable to its repercussions are the very
seeds of our future. This article explores the detrimental effects of air pollution on the developing
respiratory system of children, both in the short-term at long-term, as well as the implications to
society. Moreover, it highlights the potential reversibility of even long-term repercussions of air pollution
and the discrepancy in air quality between rich and poor districts posing risk of exacerbating social
inequality from a young age, thus adding urgency for interventions to improve our air quality. For this
public health issue needs a solution before it spirals into a 'silent epidemic'.
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Introduction

When one is asked to describe Hong Kong, perhaps
the first image one would envision is one that depicts
our world-renowned Victoria Harbour glistening under
the sunlight set against a backdrop of shimmering
skyscrapers, but such a postcard picture merely reflects
a reminiscence of the past. For the glamours of the
harbour we see today are perpetually shrouded by a
veil of haze, owing to the relentless rise in air pollution
in Hong Kong over the recent decades. The public often
underestimates the repercussions of air pollution, in
particular how most victims lie in the paediatric
population. With a persistently high air pollution level in
Hong Kong that surpasses international standards set
by the World Health Organization by a wide margin,
and in recent years has even exceeded the local
government's Air Quality Objectives,' there are
persistently high levels of irritants circulating in the air
waiting to be inhaled. This is dragging Hong Kong closer
to the inevitable abyss of a long-term, silent epidemic.
Hence this essay aims to address the short-term as well
as long-term health consequences of air pollution and
the mechanisms that make children most vulnerable to
its effects.

Children are the most vulnerable to the health hazards
of air pollution. This is because their lungs do not reach
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full maturity until at least eight years of age, theirimmune
systems are still developing, they have no choice in
where they live, and children tend to have more outdoor
exposure than adults. During the alveolar period, a
child's bronchial tree continues to develop with formation
of a significant number of alveoli.?2 The epithelial layer
of the diffusion membrane is more permeable in young
children, and their lung surface area per kilogram is
larger than that for adults.® As a result, air pollutants
can more easily penetrate a child's lungs and may have
lasting effects on respiratory health by interfering during
this critical exposure time when the lungs are still
maturing. Moreover, early childhood exposure to irritants
in the air may induce the preferential differentiation of
Helper T lymphocytes (T, cells) into T, 2 cells instead
of T,1 cells. Since T 2 cells mediate hypersensitivity
reactions, such children are at increased disposition
towards developing atopy and more severe forms of
atopy. Furthermore, children tend to spend more time
outdoors playing, where the level of ozone is the
highest.® Ozone has been shown to induce oxidative
stress and is found in lower levels indoors.

Health impact on children

In the short-term, air pollution can induce inflammation
of the lungs leading to increased exacerbations of
asthma, airway irritation, increased admissions for
pneumonia, and reduced lung function. Children with
pre-existing asthma are most significantly affected.
Various European and American cohort studies on
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children in summer camp provide evidence delineating
how several weeks of exposure to air pollution would
already be sufficient to precipitate its immediate health
sequelae. With the recruited panel of children assessed
daily by peak flow tests and a symptom questionnaire
while they were staying in a more polluted area, their
results demonstrated a decline in lung function and
increased prevalence of both irritative and obstructive
airway symptoms such as coughing and wheezing
respectively. Similarly, a cohort study that measured the
level of nitric oxide in the exhaled air, which is a good
marker of lung inflammation, of children aged 10-11 over
seven weeks, showed the exhaled nitric oxide
concentration in children with asthma living in urban
areas was more than double that of those residing in
the countryside or national park.*

Regarding how air pollution triggers serious
exacerbations of pre-existing disease, a study in Hong
Kong established a positive correlation between ambient
levels of fine and coarse particulate matter, ozone, as
well as nitric oxide, and the number of hospital
admissions for children with asthma.5 Another study in
Hong Kong, on children aged 6-7 years conducted over
1995 to 2001, depicted a significant rise in the severity
of asthma in Hong Kong children, that is most likely
attributable to our deteriorating air quality.® In addition,
recent studies in Hong Kong are exploring how air
pollution may increase the risk of hospitalisation for
patients infected with influenza virus at the extremes of
age.” As substantiated by evidence from both local and
international studies, air pollution is associated with
inducing a range of short-term adverse consequences
on the respiratory health of children.

However, there is evidence to suggest that these acute
consequences of air pollution, even if they are severe,
can be averted by short-term improvements in air quality.
A cross-sectional study over three consecutive winters
in Utah, America showed a greater than 50% reduction
in the number of hospital admissions for asthma and
pneumonia in children during the period when a steel
mill, the main contributor of winter air pollution to the
valley in Utah, was closed and pollution was
consequently lowered.® These findings were supported
by a study in Atlanta, Georgia before and during the
Olympics, when air pollution was reduced following
limitations on traffic, demonstrating a marked reduction
in the number of emergency visits for asthma in children
during that period of strict traffic control.® Similar findings
were heralded in Hong Kong when the regulation on
the sulphur content in fuel leading to an average
reduction in the ambient level of sulphur dioxide by
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45% has resulted in improvements in bronchial
hyperresponsiveness and respiratory symptoms in
children. Not only do these studies reflect a significant
association between air pollution and serious
exacerbations of asthma as well as potentially life
threatening acute lower respiratory tract infections, but
also connote the rapid reversibility of acute complications
of pollution in children, whether they are minor or major,
simply by exposure to better air quality.

While the short-term consequences of air pollution lead
to acute presentations, long term exposure to high air
pollution in children results in more subacute
complications of impaired lung function, predisposition
to development of allergic rhinitis, and chronic bronchitic
symptoms. A cross-sectional study in Hong Kong
involving 3,168 schoolchildren demonstrated that the
lung function tests in terms of forced expiratory volume
in one second (FEV1), forced expiratory flow between
25% and 75% of FVC (FEF(25-75)) and forced expiratory
flow at 75% of FVC (FEF75) were significantly lower in
children living in highly polluted areas than their
counterparts residing in low-pollution districts.” Boys
and asthmatic children were found to be more
susceptible to the development of lung function deficits.
The results also showed that particulate matter 10 (PM, )
is the most responsible culprit for adversely affecting
airway development.” An Austrian study with repeated
spirometry measurements on children over three years
echoed similar findings and calculated that a 10 pg/m?
rise in the concentration of PM, in the ambient air was
associated with a reduction in lung growth by 84 ml/
year of FEV1.

Contrary to widespread belief that the irritation from air
pollutants would lead to a rise in all forms of atopy in
children, a study conducted by the University of Hong
Kong over 1995 to 2001 revealed that there was only a
significant increase in the prevalence of allergic rhinitis
in Hong Kong children, with no remarkable difference in
the prevalence of asthma or eczema.® As this interesting
finding cannot be completely explained by the risk factors
studied including sex, family history of atopy, number of
siblings, birth weight, respiratory infections, pet exposure
and exposure to cigarette smoke,® it suggests the
deteriorating air quality in Hong Kong has a role to play
in the noticeable rise in prevalence of allergic rhinitis in
children. In addition, various American and Canadian
studies have shown an association between long term
exposure to particulate air pollutants in children and the
development of symptoms of chronic bronchitis,™ mainly
chronic cough and sputum production. PM, ; was again
the principal culprit identified.



Potential reversibility

Of considerable interest is the potential reversibility of
these long-term effects of air pollution in children, which
may take longer to correct than the short-term
complications. A Californian cohort study following 110
children demonstrated an improved rate of growth of
lung function in children who moved to areas with low
PM,, concentration.’ In order for the amelioration in lung
growth to be more significant, children had to have
resided in the new area for at least three years. Similarly,
a cohort study on children living in eastern Germany
depicted a drop in the prevalence of symptoms of chronic
cough and chronic bronchitis after reunification,' when
the air quality improved. Both studies highlight the
importance of interventions on air quality, although the
long-term consequences of pollution on child health take
longer to be mitigated.

Social implications

With air pollution in Hong Kong being more severe in
poorer districts, this calls into question whether
inequalities in child health and development have been
created. According to the averaged general station
readings collected by the Environment Protection
Bureau throughout 2012, Sham Shui Po district had the
worst air quality in Hong Kong, followed by Kwai Chung
and Kwun Tong.' The average annual readings in 2011
and 2010 as well as the current air pollution index (API)
consistently indicate that these are the three most
polluted districts in Hong Kong, in the same order.'5®
As of May 2013, Sham Shui Po had an API of 54, Kwai
Chung 52, and Kwun Tong 51. This is in sharp contrast
to the relatively low API in Tai Po of 33."® The main
contributor to the heavy pollution in those districts is
nitrogen dioxide,'® which may be produced by the dense
traffic of diesel trucks in those vicinities. Sham Shui Po,
Kwai Chung, and Kwun Tong are among the districts
with the lowest average monthly income in Hong Kong.'®
This may imply that children from low-income families,
who have minimal power to choose where they live, are
more likely to be afflicted by the health consequences
of air pollution. The marked discrepancies in air
quality in different parts of Hong Kong brings forth
socioeconomic implications on public health and may
implicate air pollution as one of the factors widening
the health gap between the rich and the poor, starting
from a young age.
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Conclusion

Just as Eric Bohm, former chief executive of World Wide
Fund for Nature (WWF) Hong Kong, was forced to leave
our city as his family members suffered from
progressively severe attacks of asthma and hospital
admissions for pneumonia attributable to the worsening
air quality, the citizens of Hong Kong, in particular Hong
Kong children, are increasingly drawn into the chasm of
health turmoil inflicted by air pollution. Children are most
vulnerable to the effects of air pollution as their immune
and respiratory systems are still maturing. A plethora of
credible studies at both the local and international levels
have demonstrated how air pollution is a health hazard
to children, be it from short term exposure triggering
acute exacerbations of asthma, pneumonia, or airway
irritation, to long term exposure leading to impaired lung
function development, predisposition to allergic rhinitis,
or symptoms of chronic bronchitis. The potential
reversibility of these repercussions on a child's health,
especially for those arising from short-term exposures,
should galvanise efforts to improve our air quality.
Moreover, interventions on pollution can contribute to
enhancing equal opportunities between children of
different socioeconomic classes, for the most polluted
districts are also among the poorest. While Hong Kong
enjoys having one of the longest life expectancies in
the world, the rising health detriment brought by our
impoverished air quality to the very seeds of our future,
our children, burns with irony, and together with its
reversibility and implications on equity, add urgency to
the need for interventions to save our city from this 'silent
epidemic'.
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