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Background: There is emerging evidence that particulate pollution also contributes to lung
function decline; decline in lung function has been reported across Europe. The objective of this
study was to evaluate the effect of long term exposure to particulate pollution on the adult lung
function. Methods: Among 275 new students entrance of ZUMS, 28 Tehranian students (T.S) and
32 Zanjanian students (Z.S) were selected among healthy and non-smoker female students. FVC,
FEV1, FEF25-75% and FEV1 / FVC in two groups were measured and statistical analysis of data was
performed by analysis of Covariance (ANCOVA) using SPSS Software, version of 11.5 and Ttest. A minimum significance level of p < 0.05 was used for all comparisons and p <0.05 was
considered as significant changes. Result: Particulate pollution reduced FVC, FEV1, and FEF2575%, measurably, on the contrary FEV1 / FVC increased considerably. Vital capacity in T.S was 8.2
percent less than group Z.S, FEV1 and FEF25-75%، were respectively 8.6 and 1 percent in T.S less
than group Z.S, and FEV1 / FVC in T.S was 1.5 % more than Z.S. Conclusion: Patterns of
abnormalities in pulmonary tests are similar to other restrictive pulmonary disease. About 19%
reduction in vital capacity in T.S confirmed that, long-term exposure to particulate pollution could
create restrictive state with similar mechanism. Long-term exposure to particulate pollution
threatens children lung growth and function.
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INTRODUCTION
Pollution is a worldwide problem and its potential to
influence the physiology of human populations is
great. Pollution can be made by human activity and
by natural forces as well. Human exposure to
pollution is believed to be more intense now than at
any other time in human existence.1 High air
pollution levels have been linked to infant mortality.
An early example is the London Fog episode of 1952,
where a sharp increase in particulate matter (PM) air
pollution led to increased mortality among infants
and older adults.2 There is mounting evidence that air
pollution has chronic, adverse effects on pulmonary
development in children. Longitudinal studies
conducted in Europe and the United States have
demonstrated that exposure to air pollution is
associated with reductions in the growth of lung
function, strengthening earlier evidence based on
cross-sectional data.3 Decline in lung function has
been reported across Europe, there is emerging
evidence that particulate pollution also contributes to
lung function decline.4 In recent years,
epidemiological studies have shown association
between ambient particulates matter concentration
and health. Exposure to increased levels of
particulate matter concentrations is related to
increased mortality and a number of pulmonary
effects, both acute and chronic.5,6 The Swiss Study on

Air Pollution and Lung Disease in Adults
(SAPALDIA) published a -3.14% decrease in forced
vital capacity (FVC) per 10 microg x m(-3)
increment in particulate matter (particles with a 50%
cut-off aerodynamic diameter of 10 micro (PM10).
Compared to the within-subject variability of FVC,
the effect may be considered small.7 Particulate
matter (PM) in the air includes total suspended
particles (TSP), particulate matter with median
aerodynamic diameter less than 10 ?m (PM 10),
particulate matter with median aerodynamic diameter
less than 2.5 ?m (PM 2.5),fine and ultra fine particles,
diesel exhaust, coal fly-ash, mineral dusts (e.g. coal,
asbestos, limestone, cement), metal dusts and fumes
(e.g. zinc, copper, iron, lead), acid mists(e.g.
sulphuric acid), fluoride particles, paint pigments,
pesticide mists, carbon black, oil smoke and others. 8
U.S. Environmental Protection Agency established an
annual average air quality standard for PM2.5 of just
15 µg/m3 in 1997, annual average air quality standard
for PM10 of just 50 µg/m3.9 Tehran, the capital city of
Iran, is situated on a plain south of the Alborz
Mountains. Tehran is one of the largest cities in the
world. Tehran is one of cities in terms of
environmental pollution, caused by industrial
processes and urban activities. The rate of air
pollutants in Tehran is 8.2 times more than world
standard. The monthly average of PM-10 in Tehran is
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high in autumn and low in spring. Maximum average
value observed in September is over 370 microg/m3;
the minimum in March (102 microg/m3) and early
April (65 microg/m3).10,11 Zanjan in northwestern
Iran, is located 320 km northwest of Tehran and near
the Caspian Sea in Zanjan province, of which it is the
capital. Zanjan lies on a valley of the Zagros
Mountains, with a present day population of 400.000
and annual average for PM2.5 is less than 15 µg/m3
and annual average for PM10 is less than 50 µg/m3.
The objective of this study was to evaluation the
effect of particulate pollution on the adult lung
function; hence FVC, FEV1, FEF25-75% and FEV1 /
FVC in two groups of Tehranian and Zanjanian
students were measured.

MATERIAL AND METHODS
This study was conducted over a period from March
2005 to march 2006. Subject participation was
approved by the University of Zanjan Institutional
Review Board for Human Studies; principles of the
Declaration of Helsinki as well as to Title 45, U.S.
Code of Federal Regulations, Part 46, Protection of
Human Subjects, Revised November 13, 2001,
effective December 13, 2001 were followed in this
study. Satisfaction was acquired from students before
conducting spirometery test. Considerable parameters
include: location of residency, sex, height, weight,
FVC, FEV1, FEF25-75% and FEV1 / FVC. After new
student's entrance to Zanjan University of Medical
Sciences in September 2005, sampling was done by
easy non-probability sampling and two groups of
students [Tehranian student (T.S) and Zanjanian
student (Z.S)], were selected for study. The general
conditions of students who were selected as our
samples include: no history of asthma, respiratory
diseases, smoking, professional exercise and working
in mines, factory and working place with
contamination by particulates matter and chemical
substances, and BMI range between 20-25. As the
most of new student's entrance to Zanjan University
of Medical Sciences were female, we have to select
the subjects among female students. Questionnaire
forms were filled by students and samples were
selected among 275 of new students, 62 students had
appropriate condition for this study, 2 students
dispensed and finally 60 female students were
selected for study T.S Group consists of 28 tehranian
students who were born in Tehran and continued
living there for 18-23 years with and Z.S Group
consists of 32 students with similar conditions like
T.S Group, whose location of residency was in
Zanjan and continued living in Zanjan for 18-23
years. Spirometery test was conducted by a

professional technician with a Spiro-analyzer model
ST-300 (Tokyo, Japan). Two months after moving
Tehranian students to zanjan spirometery test was
done on both groups. Before conducting spirometery
test, the spirometer was calibrated, after recording
personal information, the students were requested for
conducting forced vital capacity and the largest one
was considered for evaluation. The instrument
determined three quantities for each parameter in
three columns. In the first column, the real amount of
each parameter stated as the related unite (MEAS). In
the second column, in relation with initial
information include: age, sex, height, weight, race
and other parameter for each person, the instrument
stated predicted amount (PR) on the basis of table,
references and special formulas. In the third column,
the instrument stated the ratio of measured amount to
predicted amount as percent and recorded as (%PR).
The obtained information by spirometery and
questionnaire were recorded in computer, statistical
analysis of data was performed by analysis of
Covariance (ANCOVA) with the help of SPSS
Software, version of 11.5. The central identical,
dispersion, T-test and non-parametric kolmogorove
simirinove test. A minimum significance level of p <
0.05 was used for all comparisons and p <0.05 was
considered as significant changes.

RESULTS
The students were aged 18-23 years and the mean age
of students was 19.5 + 1.1 years. Their height was
145-172 cm and the mean height of students was
160.9 + 6.8 cm. Their weight was 45-80 kg and the
mean weight was 57.5 + 7.7 kg. The mean measured
amounts of FVC, FEV1, FEF25-75% and FEV1 / FVC
were reported in table 1-1.
Mean measured amounts of FVC,
FEV1,FEF25-75% and FEV1 / FVC divided to predicted
amounts for the same parameters was calculated and
the result of this division was stated in percentage
and reported in table 1-2.
Change in FEV1 was considerable in T.S,
while this change in Z.S was inconsiderable. Change
in FEF25-75%، in two groups was inconsiderable.
Particulate pollution increased FEV1 / FVC, change
in FEV1 / FVC in two groups was considerable, the
amount of FEV1 / FVC in T.S was 1.5 % more than
Z.S. The mean difference percentage to normal
amounts for FVC, FEV1, FEF25-75% and FEV1 / FVC
was calculated and reported in table 1-3.
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Table -1: Compares mean measured parameters in different groups
Groups
T.S
Z.S

FVC(L)
2/50  0/50
2/75  0/54

FEV1(L)
2/49  0/50
2/73  0/53

FEF25-75%، (L/S)
4/59  0/93
4/62  0/93

FEV1 / FVC
99/82  0/005
99/56  0/01

Table-2: The ratio of mean measured parameters to predicted parameters in different groups stated in
percentage
Groups
T.S
Z.S

FVC(L)
80/79  18/47
88/47  15/98

FEV1(L)
91/28  19/89
99/92  17/07

FEF25-75%، (L/S)
98/00  26/10
98/97  26/23

FEV1 / FVC
113/15  2/29
112/64  2/32

Table-3: Compares the mean difference percentage to normal percentage for each parameter
Groups
T.S
Z.S

FVC(L)
19/21  18/47
11/02  15/99

FEV1(L)
8/71  19/89
0/07  17/70

DISCUSSION
The present study produced several key finding in
relation with long-term exposure to particulate
pollution on the lung function. First, long-term
exposure with particulate pollution associated with
reduction in vital capacity and growth of lung, about
19% reduction in vital capacity in T.S resulted in
continuous exposure with particulate pollution in
Tehran. There was a direct relationship between
particulate pollution rate and decline in lung function.
Particle pollution in Zanjan is lower than Tehran and
decline in vital capacity and lung function in Z.S is
lower than T.S. Second, particulate pollution have
measurably slower FEV1 and FEF25-75% , changes in
FEV1 was considerable in T.S, while these changes in
Z.S was inconsiderable and changes in FEF25-75%، in
two groups were inconsiderable. Third, an increase in
FEV1 / FVC was observed in two groups, changes in
FEV1 / FVC in two groups were considerable and this
increase in T.S was more than Z.S. AckermannLiebrich et al in 1997 reported that an increase of 10
µg/m3 in particulate matter less than 10 µm in
diameter (PM10) resulted in a decrease of 3.4% in
FVC and of 1.6% in FEV1 in healthy non-smokers.
Chestnut et al in 1991 reported that an increase of 34
µg/m3 in total suspended particles was related to a
decrease of 2.25% in FVC and that the change in
FEV1 was significant even though the change was
small.12 An increase of 10 µg/m3 in PM10 exposure
was associated with a decrease in growth of forced
expiratory volume in 1 second of 84 mL/year. Avol et
al in 2001 reported, subjects who moved to locations
with higher PM10 concentrations showed lower rates
of annual growth in lung function, and subjects who

FEF25-75%، (L/S)
2/00  18/95
0/02  19/19

FEV1 / FVC
13/14  0/43
12/65  0/17

moved to locations with lower PM10 concentrations
than they had left showed higher rates of growth in
lung function. This effect was increased in subjects
who lived in the new location for at least 3 years.13
Calder?n-Garcidue?as et al in 2003 reported a
significant seasonal drop in forced vital capacity
(FVC) and FEV1 associated with a 6-month period of
high O3 and PM10.14 In children, particulate pollution
affects lung function and lung growth.15 Exposure to
PM10 affected lung growth, large and small airway
development. The association between higher
pollutant concentrations and reduced pulmonary
function in this urban-rural comparison suggests that
there is an effect of urban air pollution on short-term
lung function and/or lung growth and development
during the preadolescent years.16 The association
between ambient pollutants and poorer gain of
pulmonary volumes in children living in more
polluted areas suggests that air pollution in the
residence area may be a part of the causal chain of
reactions leading to retardation in pulmonary
function growth during the preadolescent years.17
Decline in lung function in relation with exposure to
higher levels of particulate matter consequently
fibrous tissue formation in the alveolar septa and
fibrotic lesion of the small airways. The nasal
turbulence mechanism for removing particles from
air is so effective that almost no particle larger than 6
µm in diameter enter the lung through the nose. Of
the remaining particles, many that is between 1-5 µm
settle in the smaller bronchioles as a result of
gravitational precipitation.18 The lung is defended
against particles by a system that includes the
physical barrier posed by the upper airway that filter
out larger particles, the mucociliary escalator that
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removes inhaled particles, and the alveolar
macrophages that scavenge inhaled and deposited
particles in the small airways and alveoli.19 Bronchi
are lined with a ciliated, columnar epithelium.
Ciliated cells rhythmically beat in a thin, watery
liquid layer produced by the epithelium and transport
secreted mucus and inhaled particles toward the
trachea, where they swallowed.20 Cilia are present as
far as the respiratory bronchioles, but gland are
absent from the epithelium of the bronchioles and
terminal bronchioles.21 Respiratory filtration system
could not entrap particulate matter with a size less
than 2.5µm well, particles less than 1 µm pass the
respiratory filtration system and enter the alveoli,
diffuse against the walls of the alveoli and adhere to
the alveolar fluid. An excess of particles can cause
growth of fibrous tissue in the alveolar septa, leading
to permanent debility.22 The results of our study are
in agreement with other findings, previous
researchers emphasized that particulate pollution also
contributes to lung function decline.4 The future
studies about the effect of particulate pollution should
be done with all age groups, and we should pay
attention on individuals who live in huge industrial
cities for more than half of a century. There is
emerging evidence that air pollution influence the
physiology of human populations. Exposure to
increased levels of particulate matter concentrations
is related to increased mortality and a number of
pulmonary effects, both acute and chronic. Longterm exposure to particulate pollution threatens next
generation's lung growth and function.

2-

CONCLUSION
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Patterns of abnormalities in pulmonary tests are
similar to other restrictive pulmonary disease. About
19% reduction in vital capacity in T.S confirmed that,
long-term exposure to particulate pollution could
create restrictive state with similar mechanism. Longterm exposure to particulate pollution threatens
children lung growth and function.

14-

ACKNOWLEDGEMENTS

16-

This work was supported by Zanjan University of
Medical Science, so the authors gratefully
acknowledge the authorities of this university. 2005
new students entrance of Zanjan University of
Medical Sciences cooperated with us for conducting
this study; hence the authors would like to thank of
these students.

3-

4-

5-

6-

7-

8910-

11-

12-

15-

17-

18-

19-

REFERENCES
1-

Schell LM, Gallo MV, Denham M, Ravenscroft J. Effects of
pollution on human growth and development: an
introduction. J Physiol Anthropol. 2006; 25(1):103-112.

20-

Woodruff TJ, Parker JD., Schoendorf KC., Fine Particulate
Matter (PM2.5) Air Pollution and Selected Causes of Post
neonatal Infant Mortality in California, Environ Health
Perspect. 2006; 114(5): 786–790.
Gauderman W J, Avol .E, Gilliland.F, Vora. H, Thomas. D,
Berhane. K, McConnell. R, , Kuenzli N, Lurmann F,
Rappaport E, Margolis H, Bates D, Peters J, The Effect of
Air Pollution on Lung Development from 10 to 18 Years of
Age. : N Engl J Med 2005; 352(12):1276.
Jarvis D, The European Community Respiratory Health
Survey II Steering Committee , Eur Respir J 2002; 20:10711079
Roosli M, Theis G, Kunzli N, Staehelin J, Mathys P, Oglesby
L, Camenzind Mand Braun-Fahrlander Ch.Temporal and
Spatial Variation of the Chemical Composition of PM10 at
Urban and Rural Sites in the Basel Area, Switzerland, Atmos
Environ, 2001, 35(21):3701-13.
Pagano P, de Zaiacomo T, Scarcella E, Bruni S , Calamosca
M (1998).Mutagenic Activity of Total and Particle-Sized
Fraction of Urban Particulate Matter, Environ Sci Technol,
30: 3512-16.
Kunzli N, Ackermann-Liebrich U, Brandli O, Tschopp JM,
Schindler C, Leuenberger P. Clinically "small" effects of air
pollution on FVC have a large public health impact. Swiss
Study on Air Pollution and Lung Disease in Adults
(SAPALDIA) - team. Eur Respir J. 2000 ;15(1):131-6
WHO (2000). Guidelines for Air Quality,1st Ed. Geneva,
Switzerland, Published by WHO, SDE, PHE, OEH, pp. 1-3.
Brunekreef B, A Tale of Six Cities , American Journal of
Respiratory and Critical Care Medicine ,2006,173 : 581-582.
Halek F, Kavouci A, Montehaie H. Role of motor-vehicles
and trend of air borne particulate in the Great Tehran area,
Iran. Int J Environ Health Res. 2004 ;14(4):307-13.
Asgari MM, Dubois A, Asgari M, Gent J, Beckett WS.,
Association of ambient air quality with children's lung
function in urban and rural Iran, Archives of Environmental
Health, 1988, 53(3):222-30.
Sekine K, Shima M, Nitta Y, Adachi M, Long term effects of
exposure to automobile exhaust on the pulmonary function of
female adults in Tokyo, Japan,Occupational and
Environmental Medicine 2004;61:350-357.
Schwartz J, Air Pollution and Children’s Health,
PEDIATRICS Vol, 2004; 113(4): 1037-1043.
Calder?n-Garciduenas L, Mora-Tiscareno A, Fordham L A.,
Chung C J., Valencia-Salazar G, Flores-G?mez S, Solt A.C,
Gomez-del Campo A, Jard?n-Torres R, Henr?quez-Rold?n C,
Hazucha M J, Reed W, Lung Radiology and Pulmonary
Function of Children Chronically Exposed to Air Pollution,
Environmental Health Perspectives;2006, 114(9):1432-7
Committee on Environmental Health, Ambient Air Pollution:
Health Hazards to Children, PEDIATRICS 2004; 114 (6):
1699-1707.
Jedrychowski W, Flak E, Mroz E , The adverse effect of low
levels of ambient air pollutants on lung function growth in
preadolescent children. Environ Health Perspect. 1999;
107(8): 669–674.
Ward DJ, Ayres JG , Particulate air pollution and panel
studies in children: a systematic review, Occupational and
Environmental Medicine 2004;61(4):e13.
Guyton A.C , Hall J.E, Textbook of Medical
Physiology ,11th Edition, Elsevier Sanders company,
Philadelphia USA, 2006 , 471- 482.
Samet
J
M.,
Occupational Pulmonary Disorder.
In:L.Goldman ,J Claude Bennett, Editor, Textbook of
Medicine, 21th Edition, W.B. Sanders company,
Philadelphia, USA, 2000, 419-425.
Cloutier MM, Thrall RS, Respiratory System. In:M N. Levy,
B M. Koeppen, B A. Stanton, Editor, Bern& Levy Principles
of Physiology,4th Edition, Elsevier Mosby company,
Philadelphia , USA,2006, 361-371.

Pak J Physiol 2007;3(2)
21- Ganong W.F., Review of Medical Physiology, 21th Edition,
Mc Graw Hill Company, New Dehli, India, 2003:649-669.
22- Kelly , Keith W, Morgam C, Occupational Lung Diseases
Caused by Asbestos, Silica, and other Silicates, and
Occupational Lung Diseases: Coal Workers',Berylium, and

other pneumoconiosis. In:G L. Baum, J D. Crapo, B R. Celli,
J B. Karlinsky, Editor, Textbook of Pulmonary Diseases, 6th
Edition,
Lippincott-Raven company,
Philadelphia ,
USA,1997: 683-706.

_____________________________________________________________________________________________
Address For Correspondence:
Dr. Heydarpour.F, Dept. of physiology, Zanjan University of Medical Sciences, Zanjan, Iran
Home Telephone: 0098-241-4210325, Office Telephone: 0098-241-4240301-3, Fax: 0098-241-4249553
E-mail:pheydarpour@yahoo.com

