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Abstract

BACKGROUND: Although much has been discussed regarding the improvement of quality of
life with regular physical exercise, we need studies on the cardio respiratory response evaluated
on the basis of O2 uptake, transport, and utilization in areas with high concentrations of pollu-
tants in the atmosphere. The purpose of this study was to determine the effect of air pollution on
respiratory and cardiac performance of active individuals in the environments with polluted air
and non-polluted air.

METHODS: Twenty healthy non-smoker athlete undergraduate male students (Mean + SD: age
21.70 £ 2.10 yr, height 175.80 = 6.78 cm, weight 65.58 + 4.23 kg and BMI 24.44 + 2.32) volun-
teered to participate in the study. First, two environments including polluted and non-polluted
were determined on the basis of the environmental protection agency. Then, the subjects were
performed on a field cooper test. The tests consisted of two phases: phase A, in non-polluted air
area and phase B, in polluted air area, with a 7-day interval between phases. Finally, respiratory
volumes and capacities were measured.

RESULTS: The results of analysis by paired t-test showed that there were significant decreases
in all of the respiratory parameters (ERV, IC, FVC, FEV1, MVV, FEV25-75, FEV1/FVC), in pol-
luted air compared with non-polluted air (P < 0.05).

The heart rate measures in two group showed that the mean of heart rate in polluted area was

(89 = 4) more than non polluted environment (83 £ 5) and this was significant at P=0.028.
CONCLUSION: Therefore, the acute exposure to polluted air may cause a significant reduction

in the respiratory and cardiac performance of active individuals.
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Introduction
Regular physical activity has a positive influence on
the health of people at all stages of their life. The
greater the activity level, the higher the respiratory
rate and resultant intake of air.! Therefore, mostly in
large urban centers and industrial areas, “in the fight
for health and longevity”, people are forced to exer-
cise in areas with inadequate conditions, extreme
temperatures, little ventilation, low impact absorption
soil, and, above all, a direct contact with air pollution.?
Air pollution is the contamination of our atmosphere.
Man-made air pollution sources include: shipping,
ports, automobile Emissions, airplane Exhaust, eve-
ryday Use of Toxic Chemicals.>* Man-made pollu-
tants include a mixture of vapors and gases found in
both outdoor and indoor environments. The most
common gaseous pollutants are: carbon dioxide, car-

bon monoxide, hydrocarbons, nitrogenoxides, sulfur
oxides and ozone. Even though air pollution is usually
a greater problem in cities, pollutants contaminate air
everywhere, even indoors. These contaminating sub-
stances include various gases and tiny particles, or
particulates that can harm human health. Indoor air
pollution is caused by the use of toxic cleaning prod-
ucts, cigarette smoking, the use of certain construc-
tion materials, and home furnishings.>* During the
past 20 years, concern has increased about possible
problems associated with exercising in polluted air.
The air in many cities is contaminated with small
quantities of gases and particles not naturally found in
the air we breathe. When air becomes stagnant or
when a temperature inversion occurs, some of these
pollutants reach concentrations that significantly im-
pair athletic performance.’8?
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Several studies have reported that quality of the air
we breathe affects the quality of our health. Air quali-
ty has an impact on the health of our lungs and the
entire cardio respiratory system. In addition to oxy-
gen, the air contains other substances such as pollu-
tants, which can be harmful to health.38° Once the
pollutants are released into the atmosphere, they are
transported by wind, rain and snow, pushing the sub-
stances back down to the earth and causing a detri-
mental environmental cycle between air, land and wa-
ter contamination®* The inhalation of those pollutants
may have harmful effects on the lungs and other or-
gans of the body. When pollutants are inhaled, they
trigger an increase in "reactive oxygen species” supe-
roxiding molecules that damage cells, cause inflamma-
tion in the lungs, and spark the cascade of harmful
effects in the heart and cardiovascular system. Recent
research suggests that ultrafine air pollutants, such as
those coming from car exhaust, may pass into the
blood stream and damage the heart and blood vessels
directly. Hearts directly exposed to ultrafine air pollu-
tants show an immediate decrease in both coronary
blood flow and the heatt's pumping function, as well
as a tendency to develop arrhythmias, according to
studies conducted at the Heart Institute.3*

The respiratory system is particularly sensitive to
air pollutants because it is made up of a mucous
membrane covering its internal surface.3%% Ozone can
cause damage to the alveoli air sac in the lungs where
exchange of oxygen and carbon dioxide is done.1%:11

Many of us live in areas which have high levels of
air pollution- or must travel to such areas for compe-
titions. What’s unfortunate for athletes is that heavy
smog can impair their performance. As a result, it’s
important for coaches to know how to reduce the
effects of pollution on our athletes.#'> The amount of
air pollutants that people take into their lungs de-
pends on many factors, including their activity level
and resultant respiratory rate, their mode of breathing,
and the concentration of pollutants at that particular
time and microenvironment. Vigorous exetcise is
known to increase the respiratory rate and change the
mode of breathing from through the nose to through
the mouth, thereby by-passing the ability of the nose
to filter some pollutants.! Co, a product of car ex-
haust, is 230 times more likely to bind with hemoglo-
bin than is oxygen. As a result, high Co concentra-
tions reduce the blood’s ability to transport and re-
lease oxygen, reducing the volume and intensity of
exercise, an athlete can perform. Co is the form of air
pollution with the greatest negative effect on athletic
performance. Other pollutants such as sulfur dioxide,
cigarette smoke, dust and ozone have been pootly
studied. Although they’re all respiratory irritants and

may reduce airflow in the lungs, it isn’t known wheth-
er they impair performance in healthy individuals.
However, they certainly will affect those who already
have respiratory problems.*+13

Athletes are particulatly vulnerable to pollutant ef-
fects because they inhale 10 to 15 times the air vo-
lume as compared with the sedentary. The typical in-
active individual inhales about 600 liters of air each
hour. During strenuous activity the volumecan be as
high as 7,000 liters. So, exercise in polluted air vastly
increases lung surface contact with airborne pollu-
tants. 1415

Numerous studies have reported associations be-
tween increases in ambient air pollution and risk of
cardiorespiratory mortality and morbidity, but the
underlying mechanisms for these associations are still
not clear.”-10.1218 Increased incidence of acute myocat-
dial infarction (MI) has been observed following ex-
posure to as little as 2 hours to several days of ele-
vated particulate air pollution, as well as “time spent
in traffic” in several U.S. and European cities. Al-
though relative risks associated with pollution are
small compared with those of known clinical risk fac-
tors, traffic pollution or proxies for traffic pollution,
have been repeatedly implicated as risk factors for
acute cardiorespiratory disease.!® The effects of short-
term increases in levels of ambient particulate matter
(PM) have been associated with triggering of cardiac
arrhythmias, myocardial infarction, heart rate variabili-
ty, inflammatory response measured by C-reactive
protein (CRP), blood viscosity, decompensation of
heart failure patients, exacerbation of myocardial
ischemia as well as other blood markers (e.g., hemog-
lobin, fibrinogen, platelet counts, white cell
counts).!617.18 These observed effects would provide a
mechanism by which chronic exposure to ambient air
pollution is associated with risk of coronary heart
disease (CHD).

Studies have demonstrated that athletes exercising
in elevated ozone, exhibited reduced endurance and
lung function. High carbon monoxide levels have a
synergistic effect, further decreasing performance.!®20
Numerous panel studies investigating short term
changes in lung function in children, have been per-
formed. Meta-analyses indicated adverse effects of
ozone and particulate matter on lung function. How-
ever, most have focused on daily mean levels of air
pollution and, if investigating effect on lung function ,
have concentrated on parameters such as peak expira-
tory flow (PEF) that are easily collected in children.
Fine particles of different origin and chemical compo-
sition are supposed to differ in their health impact.?!
Air pollutants may, in addition to other responses,
cause lung cell damage, inflammatory responses, im-
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pairment of pulmonary host defenses, and acute
changes in lung function and respiratory symptoms as
well as chronic changes in lung cells and airways.
Acute and chronic exposure to air pollutants is also
associated with increased mortality and morbidity.?2

It has been shown that increase in the intensity of
exercise while exposed to ozone, adversely impacts
lung function and increases reporting of symptoms. A
study of adult hikers, found that with prolonged hik-
ing in an outdoor setting, exposure to ozone, PM2.5
and acid aerosols was associated with significant im-
pacts on pulmonary function.?? A review of British
studies involving athletes ,concluded that outdoor
exposure to Co (such as occurs near traffic) is detri-
mental to athletic performance and that ozone ad-
versely impacts lung function and likely athletic per-
formance.!?* Increasing evidence points to the impor-
tance of canceling all games and practices when pollu-
tion levels put athletes health at risk. Hopefully, cur-
rent and future research will provide a better under-
standing of the limitations imposed by air pollutants.>
It is necessary for those who exercise under such pol-
luted conditions to have enough knowledge of their
negative effects. In line with these issues, it is also a
must for trainers to apply helpful strategies while per-
forming matches, for prevention of putting individu-
als in risky conditions and to keep them in appropri-
ate atmosphere. Hence it is necessary for athletes and
executive agents to delve into influencing issues and
direct the condition towards a better one in which no
effect of bad negative polluted air can influence indi-
viduals. The purpose of this study was to determine
Respiratory and Cardiovascular effects of air pollu-
tants on active individuals

Materials and Methods

Study design and Subjects:

Target population included all healthy non-smoker
athlete undergraduate male students from the Univer-
sity of Isfahan who were participated in the study.
This was a interventional study. Twenty healthy non-
smoker athlete undergraduate male students between
20 and 26 years of age with similar socio-economic
background volunteered to participate in the study.
They were informed of the purpose and methods of
this study, as well as its benefits and possible dangers
to health before giving written consent to them. Also,
the individuals were allowed to withdraw from it at
any time. After this orientation, each subject signed
an informed term of consent. They were in good
mental and physical condition. None of the subjects
had history of chronic diseases including cardiorespi-
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ratory diseases and endocrine or metabolic diseases.
The study was proved by the university physician.

The age of each subject was calculated from the
date of birth as recorded in his institute. Weight and
height of each subject were measured by using a
weighing scale (Seca, Model Germany) fitted with a
height measuring stand to the nearest 0.1 cm and 0.05
kg respectively. Body mass index (BMI) were calcu-
lated by the following formula: BMI (Kg/m?) =
(Weight in Kg)/(Height square in Meters)2.2¢ Skin
folds and anthropometric measurements (viz., girths
and widths) were measured by Holtain Skin fold Cali-
per with constant tension (Holtain Ltd., UK) and
measuring tape with anthropometric rod, respectively,
according to the guidelines of Johnson and Nelson
(1982). The participants trained 3 times a week
throughout the year.

Exercise tests:

First, two environments including polluted and non-
polluted were determined on the basis of the envi-
ronmental protection agency. Then, the subjects were
performed on a field cooper test at the same time of
day (between 9:00 and 11:00 am), and the time of the
test was identical for each subject. The tests consisted
of two phases: phase A, in non-polluted air area, and
phase B, in polluted air area, with a 7-day interval be-
tween phases. Finally, respiratory volumes and capaci-
ties and heart rate were measured in field by using
spirometry system liked to computer (Jagger-
Masterscope Rotary for PC—connection only).26 The
two sessions were separated by at least one week. The
subjects were asked not to participate in any physical
activity in the 24 hours before each session.
Procedure:

For testing, two places with the same climate (altitude,
temperature and humidity) were chosen on the basis
of information gathered via environmental protection
agency of Isfahan, Bakhtiyardasht station as clean
environment and Azadi square station as polluted
environment.

It is to be mentioned that environment protection
agency has used pollutant standard index to determine
pollutant and clean environment on the basis of five
original pollutants including SOz, O3, NO,, CO and
PMm (Table 1)

According to table 1 significant difference was
found between the mean values of air pollutants in
two mentioned environment. The subjects carried out
the test in two stages, first time in clean environment
(Bakhtiyardasht station) and the second time, in the
morning, at the same time as stage one, in polluted
area (Azadi squate station).
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Table 1. Characteristics of two environments including polluted and non-polluted were determined on the basis of the

environmental protection agency

. Co 03 PMlo No, So;
Environment . . 3 PSI
p.p.m p.p.b pg/m p.p.b p.p.b
Non-polluted 24 1.6 20 18.3 18.2 50>
Polluted 354 10.1 248 454 46.9 <200

= Part per million =~ Part per billion

Statistical Analysis:

Means (SD) were determined. Paired t-test analyses
wete undertaken for the statistical treatment of the data.
Statistical analysis was performed using the Statistical

(89 * 4) more than non polluted environment (83 £ 5)
and this was significant at P < 0.05.

Table 2. Physical characteristics of subjects

Package for Social Sciences (SPSS), version 17 for Ma- Variable Mean + SD
cintosh. Statistical significance was accepted (P < 0.05). Age (Y1) 21.70 + 2.10

Results Height (cm) 175.80 £ 6.7
The mean and SD values of the physical parameters Body mass (kg) 65.85 £4.23
of healthy non-smoker active individuals are pre- Body mass index (Kg/m?) 24.44 + 232

sented in Table 2. The BMI values showed that the
subjects were non-obese, non- overweight and almost
thin according to the available classification.?#26 Table
1 represents the values of different two environments
including polluted and non-polluted measurements in
the both environments.

The heart rate measures in two group showed that
the mean of heart rate in polluted area was

The results of analysis by paired t-test and signifi-
cant differences in Table 3 showed that there were
significant decreases in all of the respiratory parame-
ters (ERV, IC, FVC, FEV1, MVV, FEV25.75,
FEV1/FVC), in polluted air compared with non-
polluted air (P < 0.05).

Table 3. Respiratory performance vatiables of athlete undergraduate male students in a polluted environment and in a

non - polluted environment

Paired t-test

74

varaos Mgl pallued 0ol 1y snitean
ERV* 1.35+0.16 1.19 +.13 19 4.86 0.001
IC* 3.56 +0.26 3.27+0.20 19 4.25 0.001
FVvC* 5.07 £ 0.48 4,77 £0.40 19 6.45 0.001
FEV* 453 +0.30 4.16 £0.18 19 6.54 0.001
MVV* 155.58 £ 9.19 149.40 £5.40 19 3.28 0.004
FEV5.75* 5.33+0.52 491 +0.44 19 4.15 0.001
FEV,/FVC* 90.05 + 8.86 87.72+£7.46 19 2.11 0.048

Data are reported as mean = SD and Paired t-test results for 20 healthy athlete undergraduate male students who exercised in both environ-

ments.

ERV = Expiratory Reserve Volume; IC = Inspiratory Capacity; FVC= Forced Vital Capacity; FEV; = Forced Expiratory Volume in First
Second; MVV = Maximum Ventilatory Volume; FEV,s.7s = Forced Expiratory Volumess.zs; FEV1/FVC = percent of Forced Expiratory Volume
in First Second on Forced Vital Capacity.
*P < 0.05 compared with Non - polluted environment (paired t-test).
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Discussion

The purpose of this study was to determine the effect
of air pollution on respiratory performance of active
individuals in the environments with polluted and
non-polluted air. The results of analysis by paired t-
test to the respiratory function responses showed that
there were significant decreases in all of the respirato-
ry parameters Expiratory reserve volume (ERV), In-
spiratory capacity (IC), FEV1 - forced expiratory vo-
lume in 1 second, Maximum voluntary ventilation
(MVYV), Forced vital capacity (FVC) (ERV, IC, FVC,
in polluted air compared with non-polluted air
(P < 0.05) that these results have been seen in past
researches.>6.28-34

Results showed that when polluted air inhalation,
especially SO», can produce acute bronchial tube con-
striction, by stimulating the vagus nerve in the pha-
rynx region of the throat, behind the tongue. This
brochospasm results in an increased resistance to the
air flow.?8 Interestingly, this airway resistance (Raw)
increases at rest, as the volume of inspired air in-
creases.’? Two factors are involved: (a) increased
ventilation per minute (VE) augments the total vo-
lume of So2 delivered to sensitive bronchial sites;
and (b) increased VE decreases the percentage of air
that is inspired through the nose, bypassing an im-
portant defense against So2, nasal “scrubbing” of
soluble gases. Nasal scrubbing is a very effective
process that absorbs more than 99% of SO, during
quiet breathing.’> Both of these factors, therefore,
allow a greater volume of SO; into the deeper seg-
ment of the pulmonary tree and theoretically should
increasebronchospasm.?8

Because exercise increases VE, the foregoing in-
formation logically suggests that Raw will increase if
SO, is inhaled during labor, sport specific competi-
tion, or athletic competition. And, if Raw increases, it
is theoretically reasonable that physical performer
will suffer, because maximal ventilation will be re-
duced. These have been reviewed by various au-
thors, who have drawn the conclusions about the
effects of SO; inhalation on exercise performance in
healthy adults that some, individuals show significant
decrements in lung function following low levels of
SO; exposure.+32 3>

So, anatomically and physiologically, the effects of
ozone on the bronchial tubes and lungs apparently
result from stimulation of irritant receptors in the
pharynx region of the throat, behind the tongue,
which in turn causes a hyperirritable state in the vagus
nerve and involuntary inhibition of inspiration.3*¢
This neurochemical response results in rapid, shallow
breathing during O3 and exercise exposure, as well as
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a reduction in the amount of ambient air that reaches
the alveoli.?% Both of these factors enhance one’s
sensation of breathlessness during exercise.’¢ The
pulmonary function testes (PFT) that indicate im-
pairment (i.e., reduced capacity) are FVC, FEV1, and
Raw. Because these responses may alter the diffusion
of Oy from the alveoli into the capillary bloodstream,
it is possible that this is one mechanism by which O
reduces exercise performance. Bates, in fact, pro-
posed this mechanism (i.e., reduced alveolar ventila-
tion-perfusion ratio) along with two others: a de-
creased Oy saturation in arterial blood, and an in-
creased energy requirement of respiratory muscular
effort.*0 So in human, O3 inhalation impairs pulmo-
nary function, causes respiratory discomfort, and in-
creases the number of reported clinical symptoms.??
These responses are exacerbated during exercise be-
cause (a) the absolute amount of O3 inhaled increases,
(b) the uniformity of ventilation throughout all lung
tissue increases, and (c) “nasal scrubbing” (i.e., ab-
sorbing gases during quiet breathing through the
nose) is compromised.3¢

Conclusion

In summery, the acute exposure to polluted air, may
cause a significant reduction in the respiratory pet-
formance of active individuals. Our results indicate
that even a brief acute exposure to moderate levels of
air contamination may promote modest but signifi-
cant physiological abnormalities in clinically healthy
young adult individuals during exetcise.

Therefore, Clinicians should not encourage people
to exercise in polluted air, since epidemiological stu-
dies indicate that the benefits of regular exercise out-
weigh potential harm.!7.184142 However, given the evi-
dence linking air pollution to disease, together with
the possibility that exercise near road traffic may in-
tensify harmful effects, it is advisable to avoid or mi-
nimize exposure to air-borne contaminants. Accor-
dingly, we recommend that physicians and other
health professionals advise people undertaking an
exercise program to exercise outdoors in patks and
recreation areas away from busy roadways or industri-
al sites. This advice does not take into consideration
regional differences in ambient pollutant levels that
vary with the time of day. Therefore, in large cities
where the ambient atmospheric levels of particulate
matter regularly exceed national air safety standards, it
may be useful to limit exercise sessions to the hours
of the day when air pollution is likely to be less con-
centrated (i.e. early hours of the morning). Important-
ly, some populations may be especially sensitive to air
pollution (i.e. children, elderly, diabetics or those with
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existing heart or lung disease) and care should be giv-
en to offer prescriptive advice to these people in pat-
ticular.! Also, the elderly and patients with cardiovas-
cular disease shouldn't exercise outside on days with
increased air pollution levels. On much polluted days,
they should consider staying inside, and during the
winter, they should limit exposure to fireplace smoke.
Of course, the real solution is to reduce air pollution.
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