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Abstract
Background: The harmful effects of urban air pollution on general population in terms of annoying
symptoms are not adequately evaluated. This is in contrast to the hospital admissions and short
term mortality. The present study protocol is designed to assess the association between the level
of exposure to certain ambient air pollutants and a wide range of relevant symptoms. Awareness
of the impact of pollution on the population at large will make our estimates of the pertinent covert
burden imposed on the society more accurate.
Methods/design: A cross sectional study with spatial analysis for the addresses of the participants
was conducted. Data were collected via telephone interviews administered to a representative
sample of civilians over age four in the city. Households were selected using random digit dialling
procedures and randomization within each household was also performed to select the person to
be interviewed. Levels of exposure are quantified by extrapolating the addresses of the study
population over the air pollution matrix of the city at the time of the interview and also for different
lag times. This information system uses the data from multiple air pollution monitoring stations in
conjunction with meteorological data. General linear models are applied for statistical analysis.
Discussion: The important limitations of cross-sectional studies on acute effects of air pollution
are personal confounders and measurement error for exposure. A wide range of confounders in
this study are controlled for in the statistical analysis. Exposure error may be minimised by
employing a validated geographical information system that provides accurate estimates and getting
detailed information on locations of individual participants during the day. The widespread
operation of open air conditioning systems in the target urban area which brings about excellent
mixing of the outdoor and indoor air increases the validity of outdoor pollutants levels that are
taken as exposure levels.
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Background
Air pollution is a major health problem globally. Industrialization and ongoing development of large urban areas
in many countries are posing increasing number of people
to potential hazards of air pollution. There are reports of
adverse effects of carbon monoxide, sulphur dioxide,
nitrogen dioxide, ozone, and particulate matter with aerodynamic diameter less than 10 micrometer (PM10) on
hospital admissions for cardiovascular [1,2] and respiratory [3,4] diseases as well as daily mortality [5,6]. On the
other hand, the effects of the ambient air pollution on
general population causing minor complaints not resulting in medical consultations is not properly investigated
particularly in developing countries. The reports in the literature mainly concentrate on the respiratory symptoms
in young children [7-9]. The current study is designed to
evaluate the relationship between air pollution and a wide
range of relevant symptoms in an urban population to
discover the associations between each symptom and any
of the five pollutants mentioned above. The findings will
help us realize the scope of the problem and more realistically quantify the air pollution related losses.
The burden of air pollution on health system is generally
underestimated. The unseen part of the problem in the
form of annoying and occasionally debilitating symptoms
in the general population of the urban areas is not adequately studied. Symptoms due to air pollution are generally neither consulted nor registered in medical records,
especially in developing countries; therefore, the costs of
research on this subject is significantly higher than
recorded hospital admissions and mortalities.

Methods/design
Aim and design
This study investigates the association between a range of
air pollutants and a set of symptoms not necessarily
resulting in hospital admissions or practitioner consultations in an urban area. A cross sectional analysis is made
to determine the association between personal levels of
exposure to different pollutants and presence or absence
of certain complaints. Exposure and outcome data are
gathered during a ten month period allowing for emergence of a wide range of potential confounding factors
such as meteorological variables that are taken into
account in the statistical analysis.
Hypothesis
A set of complaints that can be referred to air pollution
was identified by literature review by two of the authors
and the primary lists were matched and consensus
reached by discussion of all authors over the final set of
symptoms to be surveyed. We decided to investigate the
association between the levels of carbon monoxide (mean
24 hour CO level measured by spectrophotometer), sul-
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phur dioxide (mean 24 hour SO2 level measured by UV
fluorescence), nitrogen dioxide (mean 24 hour NO2 level
measured by chemiluminescence), ozone (maximum
moving average for 8 hours concentration of O3 measured by UV photometry), and particulate matter less than
10 micron in aerodynamic diameter (mean 24 hour concentration of PM10 measured by gravimetric) on one
hand and the following symptoms on the other: wheeze,
breathlessness (dyspnoea), cough, phlegm, chest tightness, palpitations, nausea, headache, eye irritation and
sore throat. As the level of ozone changes significantly
during the day and the symptoms related to ozone appear
within a short interval after exposure, the maximum eight
hour concentration is considered as the independent variable; unlike other pollutants which are averaged on daily
basis. Because of the possible delayed effects of the pollutants all combinations for the levels of the pollutants in the
last 72 hours are tried when looking for a regression
model that best fits the available data. We considered the
following as potential confounding variables: mean daily
temperature of the city, relative humidity, day of week,
season, holiday effect (three categories of holiday, the day
after holiday, and others), history of smoking (categorized as: has never been smoker, used to smoke, passive
smoker, occasional smoker, and habitual smoker), exposure hours (the hours of exposure to outdoor air during
the day), occupational exposure to air pollutants, home
heating appliance, presence of common cold in the person's household, history of asthma in the person or first
degree relatives, age, gender, educational attainment of
the family superintendent, and economic status.
Setting
This study is designed for the city of Tehran, the largest
city of the Middle East with an area of 1500 sq km and a
population of 6.7 millions according to the last census
(1996) and around 2.6 million cars running in the streets
every working day. The study population are residents of
the city more than four years of age at the time of the
study. Expressive language development in children of
this age is complete enough to let them communicate different symptoms reliably.
Measures of exposure and outcome
City area is divided into square blocks of 500 by 500
meters on the map and the level of pollutants for each of
these blocks is estimated from a model incorporating the
level of the pollutants measured in the four air quality
monitoring stations and also taking into account the
meteorological factors of the city at the time. Levels of
exposures of the participants to each of the pollutants
were extracted from this geographical information system
for both home and workplace addresses and the higher
value for each pollutant were considered the individual's
exposure to that specific pollutant. Outcome measures
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that are presence or absence of any of the symptoms listed
above was asked from participants on the phone by the
interviewers.
Data gathering and quality control
The study population were asked about their symptoms
by telephone interview after random digit dialling of one
of the landline numbers from the city between 4 PM and
8 PM. A pilot was performed to define the best time for
interview in terms of successful contacts and to estimate
the time needed to obtain the necessary information from
selected member of the household. The mean time for a
successful interview was seven minutes but there were
some contacts to non-residential buildings and absence of
an adult in some households postponed the interview to
a later time, as a result the actual number of successful
interviews during the 30 hours of pilot was 151. Therefore, five contacts per hour was set as the goal and each
interviewer was expected to complete 20 interviews every
working day.

Sample population were contacted by random selection
without replacement from the exhaustive list of landlines
obtained from the telephone service provider of the city
thus simple random sampling. The interviewers used to
ring the selected lines and talk to one of the adults in the
household. They used to introduce themselves and
explain the purpose of the study to encourage the person
to take part in the survey. If they agreed to participate, the
interviewer would select one of the members of the
household by asking the birth date of all members older
than four years of age and choosing the person whose
birthday is closest to interview date. The selected persons
answered the questions themselves if they were older than
13 years old, otherwise the mother would help them
answer their questions and next random match from the
family, older than 13, would be interviewed as well. If
nobody answered the phone or there was no adult at
home, the same line would be contacted again at the same
day. It would be replaced with another random number if
it was found idle again (Figure 1).
The interview team was a group of eight interviewers and
a supervisor. The interviewers were selected on the basis of
their occupational background in research projects and
their communication skills. They received training on the
method of randomization, the conduct of the interview,
and the definition of the terms in the questionnaire. The
supervisor was an expert social sciences research assistant
and she monitored the interviews for compliance with the
protocol and re-interviewed seven percent of the sample
of each interviewer in each day and checked the original
answers obtained. The maximum acceptable error for
each interviewer was considered 15% of the questions. In
addition, the executive manager of the research used to
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Figure 1 used for telephone interview
Algorithm
Algorithm used for telephone interview.

contact 10% of the daily sample and checked the accuracy
of the data gathering. That is, the performance of the interviewers and the supervisor were checked again and if the
problems observed could not be solved by further training
the relevant interviewer would be replaced.
The pollutants information matrix of the city identifies
the level of pollutants for that day according to the geographical latitude and longitude of the point of interest.
Levels of the pollutants were extracted from the matrix for
two addresses of home and workplace and the higher
reading was considered as individual's exposure to that
pollutant. Candidates for the job received training on
extracting the longitude and latitude of the sample population addresses from the map and then a team of five
clerks were selected on the basis of a similar test performance. A double check method was applied by assigning
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another clerk to extract geographical data for 25% of the
addresses of each clerk. That is, all the addresses were used
by two members of the team and the supervisor checked
for mismatch and when discovered, the data for that
address would be re-extracted.
Data entry was performed by a team of six clerks in SPSS
data sheets. A random sample of 100 cases were selected
from each clerk's work and checked for three fields of longitude, latitude and telephone number. Up to three errors
were acceptable; otherwise the data entry had to be
repeated.
Statistical analysis
Backward stepwise logistic regression is used for analysis.
Individual levels of exposure to air pollution are considered as the independent variables and the presence of the
complaints as the dependent variable. 95\% confidence
interval is calculated for a measure of increase in the frequency of any of the symptoms attributable to one unit
increase in the level of each of the pollutants. When
assessing the association between the levels of the pollutants with the individual symptoms, exposure to the other
pollutants are considered as confounders in conjunction
with the other personal and environmental confounding
factors mentioned above. To test for autocorrelation, different regression models are analysed and Bootstrap
method is implied to estimate the standard error for coefficients of the models.
Sample size
According to Poisson distribution the sample needed for
detecting an increase of 10% in the frequency of the symptoms when the level of pollutant rises one interquartile
(IQR, the 75th -25th percentile pollutant values) will be
400 symptomatic cases in each quartile. Consequently,
overall 1600 cases will be needed and assuming the prevalence of the least common symptom as 5% the number
of successful telephone contacts needed will be 32000.

Discussion
Health effects of air pollution can be divided in two categories of acute effects resulting from exposure in a short
period of time and chronic effects from long term contact.
The latter may be assessed by evaluation of the outcomes
in cross-sectional surveys comparing areas with different
levels of pollutions. Similarly, cohorts from communities
with different environmental pollutions may be followed
[10].The short term effects of the air pollution, on the
other hand, are generally assessed by time-series studies as
well as cross sectional and before-after designs [11].
Before-after designs are much like studies on infectious
diseases; there is a short interval between exposure and
outcome and the source of pollution is clearly determined. Cross-sectional studies focus on the comparison
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of the populations with different levels of exposure and
they resulted in definition of maximum acceptable levels
of pollutants in the atmosphere. Time-series studies are
especially useful to discover the harmful effects of air pollution in levels lower than the standards [12]. The special
advantage of this design is the elimination of personal
confounders created by selection bias in the previous
studies as in time-series design the study population is
compared with itself during a relatively short period of
time. On the other hand, this design is not useful for
investigating the associations of the chronic conditions
with air pollution and is a relatively weak design to suggest cause-effect relationship. Likewise, 'harvesting' is
another important limitation of this design. When a noxious element is present for a long period of time those
with borderline health conditions will show the symptoms acutely and may get admitted or succumb to death
but in the long run this particularly susceptible population may not appear in our symptomatic group and this
may result in underestimation of the overall burden [13].
In other words, the acute effect of air pollution will be evident more dramatic than the effects in the long run when
the pollutant is present for a prolonged time.
The main limitation of cross-sectional studies on air pollution is the personal confounders in the population.
Therefore, numerous variables should be assessed in the
survey and controlled for in the statistical analysis. Exposure measurement error, a main limitation of epidemiological studies on environmental effects on human health,
readily applies to all types of studies mentioned above
[14]. As human exposure to pollutants takes place in a
long period of time and in places with different levels of
pollution, making accurate estimation of the individual
exposure is difficult if not impractical. It is generally
believed that the measurements made on outdoor air are
acceptable estimates of the population exposure [11] and
it may be argued this is particularly applicable to communities with open air conditioning systems that provide
excellent mixing of indoor and outdoor air. Outdoor air
pollution is especially important in large urban areas particularly in developing countries that have not been as
successful as developed nations in controlling the sources
of emissions. Taking outdoor levels as a proxy for overall
air pollution exposure, we estimated the levels of pollution in addresses of workplace and home that correspond
to the places where people spend most of their time and
took the higher level as the exposure measure. This
method is useful for investigating the acute symptoms
resulting from air pollution exposure in contrast to the
chronic effects which mostly correspond to the cumulative exposure levels during a long period of time and in
different locations.
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This study used the data available from multiple air pollution monitoring stations spread throughout the city area
and the air pollution matrix enabled us to determine a
reasonable estimate of the level of exposure of the participants. This geographical information system is definitely
superior to dispersion models that mostly suits the particulate pollutions from certain local sources [8]. Ideally,
data from the system should be validated by portable
measurement stations and the optimised system with the
least possible errors should be implemented for exposure
estimates.

http://www.biomedcentral.com/1471-2458/6/218

References
1.

2.

3.

4.

Random digit dialling for sampling was biased by more
chance for members of small families to be interviewed in
comparison with larger families and also more chance for
members of households with two or more landlines. Similarly, it may be argued that women will have more chance
to appear in the sample as in the time interval between 4
– 8 PM many men are still at work and there are numerous
businesses which are predominantly run by men in
Tehran. However, this can not affect the findings of the
study because people with different levels of exposure
were compared in this design and their baseline characteristics were considered as confounders.
Despite widespread use of telephone interview in asking
symptoms of patients in different settings the accuracy of
the method is largely unknown. There is evidence that
people reliably report their symptoms on the phone but
they may not be able to assess and report relevant physical
signs [15]. It is also believed that the method may be particularly biased in evaluation of the musculoskeletal
symptoms [16]. Therefore, it may be claimed that the set
of symptoms targeted in this study are reliably assessed by
telephone interview.

5.
6.
7.

8.
9.

10.
11.
12.
13.
14.

Competing interests
The author(s) declare that they have no competing interests.

15.
16.

Authors' contributions
MY suggested the conception, all authors (MY, FA, JHV,
MHF, DF) participated in design of the study, FA supervised data gathering, MHF analysed the data and all
authors interpreted the results. JHV drafted the manuscript and it was critically revised by all authors and they
have given final approval of the version to be published.

Acknowledgements

Burnett RT, Dale RE, Brook JR, Raizenne ME, Krewski D: Association between ambient carbon monoxide levels and hospitalization for congestive heart failure in the elderly in 10
Canadian cities. Epidemiology 1997, 8:162-167.
Hosseinpoor AR, Forouzanfar MH, Yunesian M, Asghari F, Naieni KH,
Farhood D: Air pollution and hospitalization due to angina
pectoris in Tehran, Iran: a time-series study. Environ Res 2005,
99:126-131.
Spix C, Anderson HR, Schwartz J, Vigotti MA, LeTertre A, Vonk JM,
Touloumi G, Balducci F, Piekarski T, Bacharova L, Tobias A, Ponka A,
Katsouyanni K: Short-term effects of air pollution on hospital
admissions of respiratory diseases in Europe: a quantitative
summary of APHEA study results. Air Pollution and Health:
a European Approach. Arch Environ Health 1998, 53:54-64.
Wong TW, Lau TS, Yu TS, Neller A, Wong SL, Tam W, Pang SW: Air
Pollution and hospital admission for respiratory and cardiovascular diseases in Honk Kong. Occup Environ Med 1999,
56:679-683.
Schwartz J: Air pollution and daily mortality: a review and
meta analysis. Environ Res 1994, 64:36-52.
Ito K, De Leon SF, Lippmann M: Associations between ozone and
daily mortality: analysis and meta-analysis. Epidemiology 2005,
16:446-457.
Boezen HM, van der Zee SC, Postma DS, Vonk JM, Gerritsen J, Hoek
G, Brunekreef B, Rijcken B, Schouten JP: Effects of ambient air
pollution on upper and lower respiratory symptoms and
peak expiratory flow in children. Lancet 1999, 353:859-860.
Pierse N, Rushton L, Harris R, Kuehni C, Silverman M, Grigg J:
Locally-generated particulate pollution and respiratory
symptoms in young children. Thorax 2006, 61:216-20.
Pikhart H, Bobak M, Gorynski P, Wojtyniak B, Danova J, Celko MA,
Kriz B, Briggs D, Elliott P: Outdoor sulphur dioxide and respiratory symptoms in Czech and Polish school children: a smallarea study (SAVIAH). Small-Area Variation in Air Pollution
and Health. Int Arch Occup Environ Health 2001, 74(8):574-8.
Shima M, Adachi M: Effect of outdoor and indoor nitrogen dioxide on respiratory symptoms in schoolchildren. Int J Epidemiol
2000, 29:862-870.
Sheppard L: Acute air pollution effects: consequences of exposure distribution and measurements. J Toxicol Environ Health A
2005, 68:1127-1135.
Picciotto IH: Environmental Epidemiology. In Modern Epidemiology 2nd edition. Edited by: Rothman KJ and Greenland S. , Lippincott
Raven Publishers; 1998:555-584.
Rabl A: Air pollution mortality: harvesting and loss of life
expectancy. J Toxicol Environ Health A 2005, 68:1175-1180.
Zeger SL, Thomas D, Dominici F, Samet JM, Schwartz J, Dockery D,
Cohen A: Exposure measurement error in time-series studies
of air pollution: concepts and consequences. Environ Health Perspect 2000, 108:419-426.
Xu J, Schwartz K, Monsur J, Northrup J, Neale AV: Patient-clinician
agreement on signs and symptoms of 'strep throat': a MetroNet study. Fam Pract 2004, 21:599-604.
Carey TS, Garrett J, Jackman A, Sanders L, Kalsbeek W: Reporting
of acute low back pain in a telephone interview. Identification of potential biases. Spine 1995, 20:787-790.

Pre-publication history
The pre-publication history for this paper can be accessed
here:
http://www.biomedcentral.com/1471-2458/6/218/pre
pub

Special thanks to Dr Akbar Fotoohi who assisted in research designing, to
Mrs F. Farahdoost who monitored data collection, Dr A Rashidi who provided assistance on pollution data utilization, and Ms. V. Hadavi for administrative assistance. Authors appreciate Iranian Fuel Conservation
Organization (IFCO) for funding this survey.

Page 5 of 5
(page number not for citation purposes)

