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Abstract: This study is regarded a methodological attempt to identify the impact of air pollution (AP) on
cardiovascular system (CS) among active students (AS) in Zagazig University. Sixty healthy non-smokers
athlete undergraduate male students (18-21years old) were divided into two experimental groups each one of
30 students, the first one was in clean environment Stadium of Faculty of Physical Education, Zagazig
University (SCOPE) and the second group was in polluted area (University Stadium in front of the oil and soap
factory) (US and SF). Physical, physiological and AP measures were used to assess the performance level
before (pre) and after (post) a training period program in two polluted air. The Researchers have tended to
investigate the impact of AP on cardiovascular system among active students at Zagazig University. One of
the important results of this research was that AP has adversely affected the physical variables (running 30 m
from the low start (E30m), the ability of the horizontal, vertical ability of the legs (VJ), long jump test (LJ) and
1000 meters (100m)) for US and SF group, due to the high proportion of AP of air next to the Zagazig University
for the second area to a low pollution (US and SF). AP has adversely affected the efficiency of the
cardiovascular system and respiratory system (HR) at rest and after the effort of the sprint 30 m from the low
start, the maximum oxygen consumption, laboratory bio-efficiency dynamic, physical efficiency, vital capacity
of the lungs were in the first group compared to the second one due to the high percentage of air pollution in
Zagazig region for the second zone (US and SF). Also, there is an enhancement of the pre and post-
measurement of the groups in the physical variables. The efficiency of the circulatory system and respiratory
has been narrowed down between 3.94% and 26.32%. There is an enhancement of the pre and post
measurements of the two groups in the physical variables and the efficiency of the circulatory system and
respiratory has been narrowed down between 3.64% and 18.86%. Also, AP adversely affects the cardiovascular
system leading to increasing cardiovascular.
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INTRODUCTION everyday use of toxic chemicals [3, 4]. Man-made

Regular physical activity has a positive influence on found  in  both   outdoor   and   indoor   environments.
the health of people at all stages of their life. The greater The  most  common  gaseous pollutants are carbon
the activity level, the higher the respiratory rate and dioxide, carbon monoxide, hydrocarbons, nitrogen oxides,
resultant intake of air [1]. Therefore, mostly in large urban sulfur oxides and ozone. Even though AP is usually a
cities and industrial areas in the fight for health and greater problem in cities, pollutants contaminate air
longevity, people are forced to exercise in areas with everywhere, even indoors. These contaminating
inadequate conditions, extreme temperatures, little substances include various gases and tiny particles, or
ventilation, low impact absorption soil and above all a particulates that can harm human health. Indoor air
direct contact with air pollution(AP) [2]. AP is the pollution is caused by the use of toxic cleaning products,
contaminations of our atmosphere. Man-made AP sources cigarette smoking, the use of certain construction
include shipping, automobile emissions, airplane exhaust, materials and home furnishings [3, 4]. 

pollutants  include  a  mixture  of  vapors   and  gases
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During the past 20 years, concern has increased helpful strategies while performing matches, for
about problems associated with exercising in polluted air. prevention  of  putting  individuals  in  risky  conditions
The air in many cities is contaminated with small and  to  keep  them  in  appropriate   atmosphere.  Hence,
quantities of gases and particles not naturally found in it  is  necessary  for  athletes  and  executive  agents  to
the air we breathe. When air becomes stagnant or when a delve into influencing issues and direct the condition
temperature inversion occurs, some of these pollutants towards  a  better  one  in  which  no  effect  of  bad
reach concentrations that significantly impair athletic negative   polluted    air    can     influence   individuals.
performance [3-9]. If you live in large city you might be The purpose of this study was to determine respiratory
concerned about the effect of AP on your physical and cardiovascular effects of air pollutants on active
activities as athletes are particularly vulnerable to individuals. The purpose of the present study was to
pollutant effects because they inhale 10 to 15 times the air assess and throw the further light on the impact of AP on
volume as compared with the sedentary. The typical cardiovascular system among active students at Zagazig
inactive individual inhales about 600 liters of air each University. 
hour. During strenuous activity, the volume can be as
high as 7000 litres. So, exercise in polluted air vastly MATERIALS AND METHODS
increases lung surface contact with airborne pollutants
[10, 11]. Numerous studies  have  reported  associations Research sample was sixty healthy non-smokers
between increases in ambient AP and risk of cardio athlete undergraduate male students (mean age of whole
respiratory mortality and morbidity, but the underlying subject 20.75 ± 0.54 years, weight 67.03 ±1.33 kg, height
mechanisms  for  these  associations are still not clear 177.60 ± 1.40 cm and training experience 8.18 ±0.48 years)
[7,10-17]. Increased incidence of acute myocardial with similar socio-economic background volunteered to
infarction (MI) has been observed following exposure to participate in the study. The sample was divided into two
as little as 2 hours to several days of elevated particulate experimental groups each one equal 30 student, the first
AP, as well as time spent in traffic in several U.S. and one was in clean environment (Stadium of Faculty of
European cities. Although relative risks associated with Physical Education, Zagazig University, SCOPE) and the
pollution are small compared with those of known clinical second group was in polluted area (University Stadium in
risk factors, traffic pollution or proxies for traffic pollution front of the oil and soap factory, US and SF). None of the
have been repeatedly implicated as risk factors for acute subjects had history of chronic diseases including cardio
cardio respiratory disease [17]. The effects of short term respiratory diseases and endocrine or metabolic diseases.
increases in levels of ambient particulate matter (PM) have The subject were informed about the experimental
been associated with triggering of cardiac arrhythmias, procedures and signed informed consent statement and
myocardial infarction, heart rate variability, inflammatory medical history forms in adherence with the humans
response measured by C-reactive protein (CRP), blood guidelines of the University of Zagazig and the Faculty of
viscosity, decomposition of heart failure patients, Physical Education for Boys before any data collection.
exacerbation of myocardial ischemia as well as other blood The physical characteristics of the subject are given in
markers (e.g., hemoglobin, fibrinogen, platelet counts, Table 1. 
white cell counts) [15-17]. These observed effects would Table 1 showed that the  descriptive  characteristics
provide a mechanism by which chronic exposure to of  body  mass index (BMI)(kg/m ) was in normal weight
ambient air pollution is associated with risk of coronary in both groups, non-obese, non-overweight  and  almost
heart disease (CHD). Performance and ozone adversely thin according to the available classification, respectively
impact lung  function  and  likely  athletic  performance and the mean of heart rate(H/R),systolic blood pressures
[16-23]. Increasing evidence points to the importance of (SBP) and dai-systolic blood pressures (DBP) indicates
canceling all games and practices when pollution levels the harmony of sample’s research as well as the
put athlete’s health at risk. Hopefully, current and future possibility of conducting such an experiment in such a
research will provide a better understanding of the sample (Table 1). 
limitations imposed by air pollutants [5]. It is necessary Table 2 showed that there are no significant
for those who exercise under such polluted conditions to differences between the groups of the research variables
have enough knowledge of their negative effects. In line (P< 0.05), which stresses harmony of tests. This indicates
with these issues, it is also a must for trainers to apply the reliability of tests.
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Table 1: Physical characteristics of the research sample 

Variable Mean SD Median Kurtosis Skewness

Age(y) 20.75 0.54 20.80 0.88 0.39

Height(cm) 177.60 1.40 178.00 0.73 0.01

Weight(Kg) 67.03 1.33 67.00 1.05 0.12

Training experience(y) 8.18 0.48 8.30 1.79 1.10

Body mass index (BMI) (Kg/m2) 23.32 1.54 24.00 0.59 0.70

The heart rate(H/R) 69.68 0.93 70.00 0.85 0.10

Systolic blood pressures(SBP) 118.30 1.73 118.00 0.04 -0.48

Dai-systolic blood pressures(DBP) 81.03 0.66 81.00 -1.07 0.45

C Mean ± SD standard deviation

Table 2: Physical characteristics of subjects in the begging of exercises before six months from air pollution exposures in both groups 

Variables (SCOPE) (n = 30) (US and SF) (n = 30)

Age (yr) 20.12 ± 2.10 20.16 ± 2.12

Height (cm) 175.80 ± 6.70 175.50 ± 5.30

Body mass (kg) 65.85 ± 4.23 63.70 ± 3.29

Body mass index (Kg/m2) 24.44 ± 2.32 23.34 ± 1.32

The heart rate(H/R) 74.00 ± 4.00 76.00 ± 5.00

Systolic blood pressures(SBP) 120.00±5.23 115.00±4.13

Dai-systolic blood pressures(DBP) 80.00±2.23 75.00±1.43

C Mean ± SD standard deviation

This study has been conducted to investigate the consideration.  Students  were  informed about the
difference between two different environments including purpose  and  methods  of this study, as well as its
polluted and unpolluted areas were determined on the benefits and possible dangers to health before giving
basis of: 1-the first is clean environment area (Stadium written consent to them. Also, the individuals were
College of Physical Education-Zagazig University, allowed to withdraw from it at any time. After this
SCOPE) and the second area was, in polluted area orientation, each subject signed an informed term of
(University Stadium in front of the oil and soap factory,US consent. They were in good mental and physical
and SF). Then the subjects performed a field cooper test condition. Measurements of systolic and diastolic blood
at the same time and the test   was   identical   for   each pressures were conducted by the same trained
subject in the same day, it was carried out of two phases investigator using the same mercury sphygmomanometer.
between 9:00 and 11:00 am.The tests consisted phase A in The arterial blood pressure readings were used to
unpolluted air area and phase B in polluted air area of two calculate mean arterial pressure.
steps: the first stage in the begging of the study in the Statistical analysis was performed using the
morning, from Sunday 3-10-2011 to Thursday 5/10/2011, Statistical Package for Social Sciences (SPSS), version 12.
at the same time of each day of each day exercises of Statistical significance was accepted (P < 0.05). Means
physical activity carried out in two settings. The first one (SD) were determined. Paired t-test analyses were
was in clean environment (SCOPE) and the second setting undertaken for the statistical treatment of the data. 
was in polluted area (US and SF) and after five minutes
following the end of physical activity (passive recovery RESULTS AND DISCUSSION
with participants lying in semi-supine position) HR,
arterial blood pressure was measured for each group. The results indicate that there are no significant
Measurements of SBP and DBP were conducted by the differences between pre and post-measurements. Table 2
same trained investigator using the same mercury represents the values of different two environments
sphygmomanometer. The arterial blood pressure readings including polluted and unpolluted measurements in the
were used to calculate mean arterial pressure tests. The both environments at year measured according to the law
second stage was after six months from exposure to air of environment protection number 4 in 1994 limited values
pollution the same measurement taken ethical of AP.
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Table 3: Difference of AP among SCOPE and US and SF groups

Pollutants Limited amounts Micgram/m3 (SCOPE) (n = 30) (US and SF) (n = 30)

Sulfur dioxide (SO2) 150/24hours 61.40 162.34
Nitrogen dioxide (òNO ) 150/24hours 36.67 148.752

O ) Ozone) 120/8hours 40.10 128.123

Carbon monoxide (CO) 10ml.gram/8hours 1.45 5.51
BS) Black smoke) 150/24hours 32.90 62.70
Pa Particulate matter less than 10 micrometres(PM10) 150/24hours 51.50 157.42
Pb) Lead) 1/year 0.39 1.06

Table 4: Statistical characterization of the SCOPE and US and SF in physical measurements 

Variables (SCOPE) (n = 30) (US and SF) (n = 30)

30 meters (M/S) 5.47±0.50 5.61±0.49
Vertical Jump Test(cm) 191.90±4.45 192.00±4.47
Standing Broad Jump Test 36.50±1.25 36.60±1.35
long jump(M) 5.27±4.25 5.24±0.18
1000-Meter running(M/S) 3.56±0.02 3.57±0.02
H/R during rest 86.40±2.17 86.00±1.63
H/R after exercises 122.80±1.93 122±1.86

Meter/second (M/S), Beat/ second (B/S), Meter (M), Centimetre (cm)

Table 5: Pre and post difference among student carried out exercises in polluted area (US and SF) regarding the physical tests and the values of some indicators
of the efficiency of cardiovascular systems 

variables Pre-test Post-test P-value

30-Meter Sprint 5.65± 0.50 5.30±0.44 0.34
Vertical Jump Test 191.90 ±4.46 196.10± 4.70 4.20
Standing Broad Jump Test 36.50 ±1.58 41.20±1.23 4.70
long jump 5.27±0.19 5.60±0.06 0.30
1000-Meter running 3.56±0.02 3.46±0.03 0.10
H/R during rest 81.00±1.25 86.40± 2.17 5.40
H/R during rest 115.40±1.50 122.80± 1.93 7.40
Systolic blood pressures 115.00±4.13 115.00±4.13 0.42
Dai-systolic blood pressures 75.00±1.43 78.00±2.18 4.40

Table 6: Pre and post-significant difference among student carried out exercises in non polluted area (SCOPE) in the physical tests and the values of some
indicators of the efficiency of cardiovascular systems 

variables Pre-test Post-test P-value

30-Meter Sprint 5.60±0.49 4.87±0.25 0.74
Vertical Jump Test 192.00±4.47 199.30±4.77 7.30
Standing Broad Jump Test 36.60±1.35 43.60±1.43 7.00
long jump 5.24±0.18 5.67±0.09 0.44
1000-Meter running 3.57±0.02 3.43±0.02 0.11
Rate of pulse during rest 86.00±1.64 79.50±1.43 6.50
Rate of pulse after exercises 112.60±1.78 114.10±1.45 8.50

Table 7: Post-test in the physical tests among groups during the first stage of the study

variables (SCOPE) (n = 30) (US and SF) (n = 30) P-value

30-Meter Sprint 4.87±0.25 5.30±0.44 0.44
Vertical Jump Test 199.30±4.77 196.10± 4.70 3.20
Standing Broad Jump Test 43.60±1.43 41.20±1.23 2.40
long jump 5.67±0.09 5.60±0.06 0.07
1000-Meter running 3.43±0.02 3.46±0.03 0.04
Rate of pulse during rest 79.50±1.43 86.40± 2.17 1.50
Rate of pulse after exercises 114.10±1.45 122.80± 1.93 1.30
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Table 8: Comparison regarding the rate of improvement of students during the post-test among comparison groups regarding physical tests

(US and SF) (n = 30) (SCOPE) (n = 30)

--------------------------------------------------------------------------- --------------------------------------------------------------------------

Variables Pre-test Post-test Rate of Improvement % Pre-test Post-test Rate of Improvement %

30-Meter Sprint 5.34 5.31 0.62 4.87 5.44 10.56

Vertical Jump Test 191.90 196.10 2.44 199.30 192.00 4.24

Standing Broad Jump Test 36.50 41.20 17.74 43.60 36.60 26.32

long jump 5.27 5.60 7.85 5.67 5.24 10.27

1000-Meter running 3.56 3.46 2.72 3.43 3.57 3.94

Table 9: Rate of improvement of students during the post test between comparison groups regarding cardiovascular efficacy

(US and SF) (n = 30) (SCOPE) (n = 30)

--------------------------------------------------------------------------- --------------------------------------------------------------------------

Variables Pre-test Post-test Rate of Improvement % Pre-test Post-test Rate of Improvement %

(HR) during rest 86.40 81.00 6.25 86.00 79.50 0.62

(HR) after exercises 122.80 155.40 6.03 122.60 114.10 2.44

Systolic blood pressure 120.50 125.36 4.03 115.60 118.60 2.60

Dai systolic blood pressure 80.50 78.60 2.36 70.36 75.66 7.53

Table 3 showed that the degree of pollutants was DISCUSSION
elevated in area of SCOPE group and US and SF group
according to measure the rates of contaminants through A large number of studies have investigated whether
the AP monitoring stations of Environmental Affairs daily changes in air quality are followed by acute changes
Agency at Sharkia Government in 2008. in the health state of youth. Therefore, Clinicians should

Table 4 showed the parity between the two groups of not encourage people to exercise in polluted air, since
research, SCOPE and US and SF, in some physical tests epidemiological studies indicate that the benefits of
and the values of some indicators of the efficiency of regular exercise outweigh potential harm [16-19].However,
cardiovascular systems under consideration in the first given the evidence linking air pollution to disease
stage. together with the possibility that exercise near road traffic

Table 5 showed the existence of significant may intensify harmful effects. This finding agree with the
differences between pre and post indices of the physical present study result as observed that there was
tests among students carried out exercises in US and SF increasing in the rate of improvement in physical activity
showing some indicators of the efficiency of the in post-test among students who carried out exercises in
circulatory system for the benefit of post test during the unpolluted area compared to students who carried out
first stage. exercises in University Stadium in front of the oil and soap

Table 6 showed that the existence of significant factory after 6 month from exposure to air pollution. As
differences between pre and post indices of the physical well as it is advisable to avoid or minimize exposure to air-
tests among students carried out exercises in US and SF borne contaminants. Accordingly, therefore, in large cities
showed some indicators of the efficiency of the where the ambient atmospheric levels of particulate matter
circulatory system for the benefit of post test. regularly exceed national air safety standards, it may be

Table 7 showed that there are significant differences useful to limit exercise sessions to the hours of the day
in the physical exercises for group of students in SCOPE when air pollution is likely to be less concentrated (i.e.
in the first stage of the study. early hours of the morning). Importantly, some

Table 8 showed that increase rate of improvement in populations may be especially sensitive to air pollution
physical activity in post test were observed among (i.e. children, elderly, diabetics or those with existing heart
students carried out exercises in non polluted area during or lung disease) and care should be given to offer
the second stage. prescriptive advice to these people in particular [18]. 

Table 9 showed that the increased rate of The physical characteristics of subjects in the
improvement in cardiovascular efficacy was observed in begging of exercises before six months from exposures to
post-test among students carried out exercises in non air pollutions in both groups were around normal weight
polluted area. in  both  groups,  non-obese, non-overweight and almost
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thin according to the available classification. Our results second due to the efficient physical and vital
indicate that even a brief acute exposure to moderate
levels of air contamination may promote modest but
significant physiological abnormalities in clinically
healthy young adult individuals during exercise.
Increased blood viscosity and blood pressure and
decreased heart rate variability (HRV) have all been
shown to correlate with pollution [19] in the present
study. Following the end of physical activity (passive
recovery with participants lying in semi-supine position),
heart rate and arterial blood pressure was measured for
each group. Moreover, outdoor air pollution includes
both gaseous and particulate pollution. Primary pollutants
are emitted directly out of exhaust pipes and stacks (NOx,
SO , PM, soot etc.). 2

Secondary pollutants are formed from the primary
pollutants in the co-presence of sunlight, moisture, or
both (O  and secondary particles, like sulfate). In3

developing countries, like in Egypt, the pollution can be
a mixture of emissions from coal-fired power plants,
industrial companies and traffic exhaust. In industrialized
countries, the main source of air pollution is traffic
exhaust and photochemical air pollution, like ozone
[20].Youth are affected more by outdoor air pollution than
adults since they spend more time outdoors and more
often do outdoor exercises. Also their bodies are growing
and can be more affected by pollutants that impair. Classic
air pollutants include SO , NO , O  and particular matter2  2  3

(PM). Experimental exposure to SO2 has showed has
dangerous effect on the asthma people. The effect is
enhanced with physical exercise [20]. Increases in daily
levels of air pollution are also correlated with higher
hospital admissions and emergency room visits due to
respiratory and cardiovascular events, including
myocardial infarction,arrhythmias and stroke [22]. 

CONCLUSION

C Air pollution (AP) has adversely affected on the
physical variables (the enemy of 30 m from the low
start, the ability of the jump (vertical,horizontal) and
racing 1000 meters)for (US and SF) group, we refer
that due to the low pollution in the area of (SCOPE)
group than the (US and SF)group which has a high
proportion of air pollution. 

C AP has adversely affected the efficiency of the
cardiovascular system and respiratory them (pulse
rate at rest, pulse rate after exercise, the sprint of 30
m, the maximum oxygen consumption, laboratory bio-
efficiency dynamic, efficient physical and vital
capacity  of  the  lungs)  in  the  first  group  from  the

capacity of the lungs and due to the high rate of air
pollution in the US and SF group than the SCOPE
group.

C Rates of enhancement of the pre and post-
measurement of the SCOPE group in the physical
variables and the efficiency of the circulatory system
and respiratory tract in question have been narrowed
down between 4.24% and 26.32% and between 3.94%
and 26.32%.

C Rates of enhancement of the pre and post-
measurement of the SCOPE group in the physical
variables and the efficiency of the circulatory system
and respiratory tract in question have been narrowed
down between 0.62% and 17.74%.

C AP adversely affects the cardiovascular system,
leading to increased cardiovascular. However, the
mechanisms of such association are unknown.

Recommendations:
C Following the instructions of EEAA and brochures

and studies that come from this vital organization is
important and a lot of courses to preserve the
environment from air pollution located in the local
environment in the Sharkia Governorate.

C Addressing the fumes and gases rising from brick,
oils and soap factories and install filters on the
chimneys of these factories, or transferring them
from areas of population concentration. 

C Increasing green spaces represented in parks and
planting trees to absorb the high amount of carbon
dioxide in the air.

C Reducing the percentage of sulfur and lead in motor
fuel and make periodic disclosure on cars.

C Increasing radio and television programs and
awareness in order to maintain a clean environment
free from pollution and the work of seminars in
various schools and universities to urge students to
preserve the environment from the dangers of air
pollution.

C Students should undertake exercise programs to
exercise outdoors in parks and recreation areas away
from busy roadways or industrial sites. 
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