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Abstract

Isfahan is a historical city with UNESCO registered World Heritage suffering from air pollution as the major environmen-
tal challenge. The present research aims to assess the social and environmental concerns associated with air pollution
in Isfahan via exploring the relationship between effective parameters on environmentally friendly behavior among
Isfahanian citizens using factor analysis. A questionnaire including the citizens’ knowledge and their experience on air
quality impacts, as well as their perception about the level of air pollution, the pollution sources, and its control and self-
protection actions was designed and applied to a sample of 388 individuals. The results showed the dried river-substrate
of Zayandehroud river, followed by improper municipal management, and the high number of vehicles and mega-indus-
tries are the most important contributing factors to air pollution, respectively. These findings were corroborated through
correlation analysis between mean AQI values and responses. The findings indicated that people’s awareness about air
pollution, its impacts, and their willingness-to-pay for reducing air pollution are increasing as the education attainment
increases. Improving the quality of gasoline and the cars as well as developing the public transportation were the main
requests of Isfahanian citizens from managers and decision-makers for air pollution mitigation. We conclude that the
pro-environmental behaviors of people significantly depend on their perception of air pollution as public engaging in
air pollution control plans will be obtained by an increase of their awareness about air quality status, its health-related
consequences, and high level of citizen's responsibility.

Keywords Air pollution - Public perception and responsibility - Questionnaire - Air quality index (AQI) - Pro-
environmental behavior

1 Introduction

Air pollution is one of the most salient concerns of the
present human population, which emerges as a byprod-
uct of climate change, population growth, urbanization,
increasing vehicle numbers, and industrialization [1, 2].
Human intervention has a major share of environmental
degradation and contributing to air pollution. Therefore,
improving human attitudes and behaviors may play a
key role in environmental protection [3]. However, less

attention has been paid to the individual and public role
in environmental protection [4]. All human-beings can
intuitively become aware of air pollution through annoy-
ance and symptoms experience (e.g., fatigue, headache,
dust, soot, dirtiness, irritation of the eyes, nose, or throat
and respiratory diseases). This ability has been acknowl-
edged as a useful indicator to get an understanding of air
pollution [1, 5, 6]. Individuals and communities may help
significantly to reduce air pollution levels and its follow-
ing impacts [7]. If a long-term air quality improvement
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is pursued, a change in the behavior of every individual
with their environment (referred to pro-environmental
behavior) would be a major step toward meeting this
goal [1, 8, 9] that it would be occurred via an increase
of public participation as an essential prerequisite for
successful environmental management [7, 10]. Participa-
tion gives individuals an important sense of self and a
dependence on the environment they live in [3].

Generally, three behavioral states are associated with
air pollution management: (1) actions for raising public
awareness as well as the level of information and knowl-
edge about the quality and quantity of air pollution and
their commitments, (2) large-scale actions for reducing
air pollution such as limited use of transportation, and
(3) fine-scale actions (i.e., self-protection) to minimize
the impacts of air pollution such as reducing outdoor
activities [7].

To better understanding of environmental behaviors
of people about air pollution, evaluation of social and
psychological dimensions of air pollution is necessary.
Perception (referred to insights into the main dimensions
of air pollution), intentions (willingness to protect the
environment), awareness, health-related concern, and
habits. In fact, the attitude and perceptions of people
regarding the consequences of air pollution determine
pro-environmental behavior [7, 11-13]. The personal
knowledge (understanding about different pollutants,
causes of air pollution, etc.), capabilities, incentives, and
the conditions governing the society are other contrib-
uting factors in pro-environmental behavior [7, 14].

Several research works confirmed that attitude, inten-
tion, and responsibility of people have significant effects
on their pro-environmental behaviors. For example,
Moradhaseli et al. [15] showed that the students’ envi-
ronmental behavior was intensively influenced by the
environmental attitude, perceived behavioral control,
and environmental behavior intention. Levine and Strube
[16] found that intentions and knowledge significantly
and independently predicted pro-environmental behav-
iors so that knowledge was a direct cause of behavior
whereas the attitudes were assumed to influence behav-
ior through intentions. Seif and Nematolahi [3] indicated
that environmental concern, attitude, and knowledge
have a direct influence on pro-environmental behaviors.
Also, increasing people’s environmental responsibility
improved people’s environmental attitude and knowledge
to environmentally friendly behavior. Abolhassani et al.
[17] found that for the development or introduction of an
environmentally friendly behavior such as bicycle sharing
system (BSS) as an alternative mode of urban transporta-
tion, paying attention to public preferences and needs is
the first priority.
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It is proven by some studies that informing citizens
about air quality status and the associated adverse impacts
promotes their motivation and engagement in pro-envi-
ronmental behavior and lifestyle choices [18-20] as a gap
is expected between people’s perception and what exists
in reality (quantitative measurements) [21]. It seems that
the main step to managing air pollution in large cities is to
provide solutions aimed at exploring and regulating peo-
ple’s perspectives regarding air pollution. In fact, govern-
mental efforts to enhance air quality can be accompanied
by an improved understanding of the awareness and their
support for environmental protection among the citizens
in large cities [22].

In recent years, Isfahan, as a large city with about two
million inhabitants, has ranked as one of the most polluted
cities of Iran owing to the influence of a number of perva-
sive factors such as high population, drought, having the
second largest number of cars and motorcycles after Teh-
ran City (the capital of Iran), extensive built-up construc-
tion, and increasing development of small- to large-scale
industries which made it the second most industrialized
city of Iran after Tehran [23-25]. These factors are major
drivers of air pollution, thereby underscoring the impor-
tance of assessing various aspects of air pollution in this
city.

The main objectives of this research including (1) to
investigate the air pollution burden perceived by Isfahan
citizens, their knowledge and experience of air quality
impacts as well as their incentives and responsibilities to
air pollution control; (2) to study the main causes of Isfa-
han air pollution from the public’s views and prioritize it
to facilitate providing strategies to reduce air pollution by
decision-makers; (3) to evaluate the air quality status in
Isfahan scientifically and sensibly by integrating air quality
index (AQI) data and the results of a questionnaire-based
survey; (4) to provide a reasonable insight into the social
and environmental concerns associated with air pollution
to help the managers and decision-makers to manage air
pollution quality in Isfahan city.

2 Materials and methods
2.1 Studyarea

Isfahan City, with an approximate area of 550 km? (32°
38’ N longitude and 51° 38’ E latitude), is located on the
bank of Zayandehroud River in the central part of the pla-
teau of Iran. It has an annual average rainfall of 122.1 mm
and an average temperature of 16.2 °C [26]. According
to the census bureau data in 2011, Isfahan has an esti-
mated population of 1,908,968 inhabited in 15 municipal
districts, making it the third most-populated city of Iran
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behind Tehran and Mashhad [27](Fig. 1). There are more
than a million vehicles using diesel, gasoline, and natural
gas in Isfahan. This city is known as the largest industrial-
ized region in Iran, where there are many industries and
companies within a buffer of 50 km [28, 29]. The other fac-
tor influencing air pollution is air consistency and inversion
events in Isfahan. Because of the Special climatic condi-
tion of Isfahan, the number of inversion events is frequent
(about 72% of the days of the year) [26].

2.2 Sampling procedure

A classified sampling method was employed in this
research. The study sample size was determined using
the Cochran formula (Eq. 1), in which having a knowledge
of the society’s case study attribute plays a pivotal role in
determining sampling size [30].

n=(z’pq/d* /(1 + 1/N@Z*pq/d* - 1)) )

In this method, N is the population size, n is the sam-
ple size, g = 1 — p is the proportion of an attribute that
is absent in the population (e.g., the men’s population),
p is the proportion of an attribute that is present in the
population (e.g., the women'’s population), z is the critical
value of the desired confidence, and d is the desired level
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of precision. Regarding the number of members in each
class and the total sample size, the required sample size
was then calculated using Eq. 2.

np/n=Np/N (2)

where N is the total population size, n is the total sample
size, ny, is the sample size in each class, and Ny, is the total
size of each class. Subsequent to determining the sample
size in each class, a non-replacement random sampling
procedure proportional to the total size was employed to
select samples from each neighborhood (class). The stud-
ied population comprised 388 members, all above 15 years
old, who live or work in Isfahan City. Table 1 gives a sum-
mary of the studied statistical population in this research.

2.3 Questionnaire

The questionnaire was designed (Appendix Table 12)
based on the experts’ opinions (Department of Natural
Resources, Isfahan University of Technology) and related
studies on public views about environmental problems
especially air pollution in other countries which were
modified to the case of Isfahan city [1, 4, 15, 31]. The ques-
tions were divided into seven sections: personal informa-
tion; knowledge about air pollution, public understanding

P 15
=
: 4

Table 1 Sample demographics Vehicle type Education level Age (year. Sex
including frequency (%) il ge (year)

% Type % Level % Class % Class

17 No vehicle 9.5 Under diploma 55 <20 534 Male

60 Car 43.2 Diploma Advanced 67.6 20-40 46.6 Female

diploma
17 Motorcycle 37.8 BSc 234 40-60
6 Bicycle 9.5 MSc, PhD 35 >60
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and culture; air pollution sources; executive and munici-
pal management—formation and organization—rules
and regulations; the impacts of air pollution; solutions for
improving environmental quality and responsibility for
controlling air pollution. Some questions were designed
to draw out categorical responses: very low, low, medium,
high, and very high as well as scores ranging from 1 to
5. All questions were to gauge the people’s perspective,
but not just to get simple yes or no answers. The ques-
tionnaires were distributed among the people of differ-
ent neighborhoods independently at the 15 municipal
districts of Isfahan from 2016 to 2017 and filled in with-
out specifying a certain completion time limit. To observe
ethical points, the questionnaires were completed anony-
mously and people were quite willing to participate in the
survey.

2.4 Correlation of results of survey with air quality
level

Air quality index (AQI) data were obtained from the Isfa-
han Department of Environment (Isfahan DoE) for the
period 2008-2017. AQI is being calculated in seven air
quality monitoring based on the concentration of five
conventional air pollutants including ground-level ozone,
particulate matter, carbon monoxide, sulfur dioxide, and
nitrogen dioxide. The mean AQI values (continuous values)
from the air pollution monitoring sites were used in this
research. AQI values are classified as good (0-50), mod-
erate (51-100), unhealthy (101-150) for sensitive groups,
unhealthy (151-200), very unhealthy (201-300), and haz-
ardous (300-500) [32, 33]. AQI was used to evaluate the
accuracy of information obtained from the questionnaire
as well as determine the association of the people’s under-
standing about air pollution as AQI values are changing.

2.5 Statistical analysis

Prior to statistical analysis, it was imperative to ensure high
correlation coefficients between the responses given to
each question of the questionnaire. The results of Bartlett’s
test and Kaiser-Meyer-Olkin (KMO) index confirmed the
sufficiency of the correlation coefficients between the
questions and justified the possibility of performing sta-
tistical analysis (KMO =0.627, Bartlett’s test=5732.490
DF =1830, P-Value <0.0001). The internal homogeneity
of the questionnaire was tested by measuring Cronbach’s
alpha index which should be above 0.7 to be acceptable.
In this research, the Cronbach’s alpha index achieved a sat-
isfactory value of 0.755.

Descriptive analysis and chi-square tests were per-
formed to estimate the association between public con-
cerns about air quality and influencing parameters such
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as individual perception, incentives, knowledge, and
their responsibility to (on) air pollution control. Factor
analysis was made to determine influencing factors on
the increase of air pollution from people’s point of view.
This technique evaluates and classifies the variations of
all data group parameters, and determines the degree of
influence of factors by establishing a new relationship set
of variables that may explain variations in the original data
set [34, 35]. Factor analysis produces factor loadings which
can be interpreted as a correlation between the responses
and the factors [36]. Factor analysis was performed using
principal component analysis (PCA) followed by a varimax
orthogonal rotation. Subjects of questionnaire that were
analyzed using factor analysis comprised the following: (1)
air pollution sources, (2) executive and municipal manage-
ment—formations and organizations—rules and regula-
tions, (3) solutions for improving air pollution condition,
(4) responsibility to control air pollution condition, and
(5) satisfaction of the performance of sections involved in
air pollution abatement. Significant loading (correlation
of questionnaire responses with factors) was considered
to be greater than 0.40 [37]. Regression analysis was also
adopted to assess the correlation between continuous val-
ues of AQI (annual average) and questionnaire responses.
Analyses were conducted using SPSS version 23 (IBM, Chi-
cago, IL, USA).

3 Results

3.1 The awareness level of Isfahanies about air
pollution

A number of 388 persons, aged 14-73, including 153
women (39.84%), 231 men (60.16%), and 4 gender-
unknown persons participated in the research. The
results showed a significant difference in the awareness
level between genders (Table 2) so that 83.48% of men
and 76.47% of women stated that the air pollution level in
Isfahan is high and very high (x 2 =3.654, P-Value =0.089).
More precisely, 49.02% of women, compared to 42.87%
of men, believed that air pollution of Isfahan is high. On
the other hand, however, 42.61% of men, compared to
27.46% of women, categorized it as very high (x2=10.549,
P-Value =0.032). Despite finding an insignificant relation-
ship between education level and air quality condition
(Table 2), reflecting the similar tangibility of air pollution
to approximately all people, the frequency of responses
showed that educated people (BSc or higher) aged from 20
to 40 have developed a better awareness of air pollution.

In addition, the results of assessing the awareness of
Isfahanies across the 15 municipal districts showed that
nearly 90% of those inhabiting the central part of the city
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Table 2 Awareness level of Isfahanies about air pollution

Variables Low to moderate (%) High to very high (%)
Gender

Female 36 (23.53) 117 (76.47)
Male 38(16.52) 192 (83.48)
x>=2.895; P-Value=0.089

Age

<20 10 (27.78) 26 (72.22)
20-40 49 (21.03) 184 (78.97)
40-60 14 (15.56) 76 (84.44)
>60 1(8.33) 11 (91.67)
x>=3.654; P-Value=0.301

Education

<diploma 31(17.71) 144 (82.29)
>College 44 (21.26) 163 (78.74)

x>=0.754; P-Value=0.385

Table 3 Awareness level of Isfahanies about air pollution across the
15 municipal districts of Isfahan

DistrictNo ~ Low to moderate (%) High (%) Very high (%)
1 3(15.00) 9 (45.00) 8 (40.00)
2 2(20.00) 3(30.00) 15 (50.00)
3 2(7.41) 10(37.04)  15(55.56)
4 5(21.74) 8(34.78) 10 (43.48)
5 12(33.33) 7 (19.44) 17 (47.22)
6 3(10.71) 16 (57.14) 9(32.14)
7 3(9.68) 23(74.19)  5(16.13)
8 10 (24.39) 17 (41.46) 14 (34.15)
9 2(12.50) 7 (43.75) 7 (43.75)
10 5(14.29) 21(60.00) 9(25.71)
1 1(11.17) 5(55.56) 3(33.33)
12 9(37.50) 6 (25.00) 9(37.50)
13 2(9.09) 14 (63.64) 6(27.27)
14 10 (25.64) 11(28.21) 18 (46.15)
15 6 (24.00) 12(48.00)  7(28.00)

(districts 1 and 3) were bothered by air pollution. In other
parts of the city including central to northern and north-
western districts of 12, 8, and 7, western and southwestern
districts of 5 and 13, and eastern to northeastern districts
of 15, 14, and 10, the majority of citizens (60-90%) cat-
egorized air pollution as high and very high (y2=51.485,
P-Value=0.004, DF =28) (Table 3). Notable results were
also obtained regarding the awareness and attention of
Isfahanies about diurnal changes in air quality so that
about 80% of respondents felt a higher air pollution level
during summer and winter compared to other seasons.
Furthermore, they stated that air pollution escalates

during the early morning, noon, and more particularly in
the afternoon.

3.2 The relationship between education
and willingness-to-pay for reducing air
pollution

The results showed that 60% of citizens spend a short to
medium time to read and converse with family members
and surrounding people about air pollution. Also, the Chi-
Square results showed that a significant difference exists
between education level and willingness-to-pay for reduc-
ing air pollution (P-Value < 0.0001, X2 =17.930) so that 138
(79.77%) out of all respondents with a diploma or lower
degree were willing to pay medium and low prices for
reducing air pollution whereas only 35 (20.33%) of them
were willing to pay high prices. Whilst, 122 (59.51%) out
of all high educated respondents (BSc and higher levels)
indicated that they are willing to pay the same prices,
compared to 83 (40.49%) of them which had a willing-
ness-to-pay of high prices. This shows a straight align-
ment between education level, which has the ability to
raise awareness about irreversible air pollution-induced
health and economic damages, and willingness-to-pay for
improving air quality.

3.3 People’s perspectives on air pollution
management in Isfahan

Subsequent to assessing the awareness level of Isfahanies
about air pollution, statistical analysis was performed on
responses given to the specialized, categorized ques-
tions about air pollution, source identification, executive
management, air pollution control and improvement, the
responsibility of people and managers about air pollution,
and the people’s satisfaction from the performance of sec-
tions involved in air pollution abatement.

After ensuring the internal homogeneity of the ques-
tionnaire, factor analysis with principal components
method and varimax rotation was conducted on the
responses. A number of 16 items were extracted by con-
sidering those which had an Eigenvalue of one or more.
They collectively accounted for 67.23% of the variance in
the questionnaire. To obtain a more simplified structure,
factor analysis was performed separately on the responses
given to each section of the questionnaire. Table 4 shows
the findings from questions about air pollution sources. It
was found that 70.20% of variations were explained by the
below-mentioned three main factors:

The first factor included drying up of the Zayandehroud
River and the arid- warm climate of Isfahan that explain
24.23% of variations. Based on the results of Chi-square,
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Table 4 Factor loadings of air pollution sources after the varimax rotation

Item Component
1 2 3
Industries 0.091 —-0.053 0.806
Poor-quality gasoline and cars and the high number of vehicles 0.021 —-0.056 0.821
Improper municipal management, poor performance of available structures (such as universities and —0.048 0.831 —0.082
broadcasting companies)

Non-compliance with environmental laws and Regulations as well as public culture in using vehicles —0.002 0.843 -0.029
Drying up of Zayandehroud River 0.853 —-0.089 0.014
Arid-warm climate of Isfahan 0.846 0.038 0.103

Table 5 Factor loadings of executive and municipal management
after the varimax rotation

Item Component
1 2
Gasoline quality 0.705 —-0.105
Quality of manufactured cars 0.745 —-0.135
Closure of large industries —0.045 0.973
Suitability of the approved rules and Regu- 0.719 0.212
lations for air pollution abatement
Enforcement guarantee of rules 0.839 —0.044

the frequency of respondents who gave high importance
to these items was 45.34% and 26.42%, respectively.

The second factor comprised improper municipal man-
agement, poor performance of available public organi-
zations (such as universities and broadcasting compa-
nies), and non-compliance with environmental laws and
regulations as well as public habits in using vehicles and
accounted for a share of 23.59% of variations. Also, the
frequency of respondents who responded very high to
non-compliance to laws and municipal management was
20.4% and 12.89%, respectively (according to the results
of Chi-square).

The third factor included large industries as well as
poor-quality gasoline and cars and the high number of
vehicles which contributed to 22.38% of variations in fac-
tor analysis whereas had a high importance to 52.49% and
45.6% of respondents, respectively.

It was found that natural factors such as drying up of
Zayandehroud River and arid-warm climate of Isfahan had
the highest load and variations contribution to the first
factor. Improper municipal management and increasing
number of vehicles and industries were found with a small
difference as later factors.

Factor analysis of questions about executive and munic-
ipal management showed that 65.99% of variations were
explained by two factors. The factor matrix after the vari-
max rotation is presented in Table 5. The primary executive
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and municipal management factors related to people’s
perspectives about Isfahan air pollution are as follows:

The first factor included the gasoline quality, the quality
of cars manufactured in the country, and the suitability of
the approved rules and regulations for air pollution abate-
ment and their enforcement guarantee (with 45.52% of
variations).

The second factor comprised the closure of large indus-
tries located around Isfahan explained 20.47% of varia-
tions. According to the results of Chi-square test, 65.40%
and 47.78% of respondents were unsatisfied with the qual-
ity of cars and gasoline produced in the country. Moreover,
about 30% of respondents were unsatisfied with the pre-
sent rules and regulations aimed at reducing air pollution.
It could be outlined that the most important requests of
Isfahanies from executive and municipal management in
reducing air pollution are to test and ensure the quality of
gasoline, improve the quality of car manufacturing, and
amend air quality laws and regulations.

Concerning reducing air pollution, it was found that
74.644% of changes could be explained by four factors.
The factor loadings after the varimax rotation are also
shown in Table 6. The main factors for air pollution control
based on the Isfahanian citizens are as follows:

The first factor included the construction of Isfahan sub-
way and expansion of green spaces which ranked high
important by 31.69% and 44.39% of Isfahanian citizens,
respectively.

The second factor comprised the strategy of munici-
pal management and expansion of public transportation
network/ placing environmental and energy conservation
labels on products which received a 19.23% share in factor
analysis. Improving municipal management and the high
importance of environmental conservation labels were
identified by 20.58% and 15.30% of respondents as influ-
ential for enhancing air pollution, respectively.

The third factor encompassed the production of high-
quality gasoline and exchange of old cars with new ones
and improving the people’s culture in using public trans-
portation (with 17.55% variations in factor analysis). Nearly
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Table 6 Factor loadings of air
pollution abatement strategies
after the varimax rotation

ltem Component
1 2 3 4
Industrial performance improvement —0.054 0.040 0.013 0.939
High-quality gasoline and exchange of old car 0.136 -0.221 0.794 0.324
Improving the people’s culture in using public -0.113 0.246 0.741 -0.358
transportation

Improving municipal management 0.061 0.756 0.069 —0.065
Environmental conservation labels -0.141 0.809 -0.076 0.081
Construction of Isfahan subway 0.851 0.021 0.151 —0.087
Expansion of green areas 0.856 —0.094 -0.123 0.044

Table 7 Factor loadings of responsibility in controlling air pollution
condition and the people’s satisfaction from air pollution-reducing
sections after the varimax rotation

Item Responsibil-  Component

ity/ Satisfac-

tion 2 3
Isfahan Municipality ~ Responsibility 0213  0.782 -

Satisfaction 0.753 -0.164 0.165
Responsibility 0.751 -0.083 -
0.755 0.245 -0.084

Isfahan Department

of Environment Satisfaction

(DoE)
Industries Responsibility 0307 0.740 -0.354
Satisfaction 0.241 -0.636 -
Citizens Responsibility —0.790 -0.053 -
Satisfaction -0.190 0.765 0.393
TV-radio broadcasting Responsibility - - -
Satisfaction 0.103  0.023 0.896

39.05% of people surveyed reported that improving the
quality of gasoline and cars are the most important items
contributing to air pollution reduction. On the contrary,
27.70% of respondents pointed to improving the people’s
culture in using public transportation as the most impor-
tant factor.

The fourth factor identified Industrial performance
improvement for emitting lower levels of air pollution as
the least important factor with 16.32% variations in fac-
tor analysis. 44.85% of people believed that this item can
contribute significantly to lowering air pollution.

Factor analysis of the responsibility for controlling air
pollution condition (Table 7) revealed that two factors
could explain 57.94% of variations. Based on the percep-
tion of respondents, citizens and later Isfahan department
of environment (DoE) have the highest responsibility
for controlling air pollution conditions and account for
32.31% of variations, followed by Isfahan Municipality and
industries with 25.63% of variations. Factor analysis after
the varimax rotation showed a positive role for Isfahan DoE
and Isfahan Municipality and a negative one for citizens

and industries in exercising responsibility for controlling
air pollution conditions. The results of Chi-square showed
that 47.63% of Isfahanies believe that Isfahan DoE should
hold the highest responsibility in controlling air pollution
conditions, followed by industries, Isfahan municipality,
and citizens with a share of 26.58%, 25.98%, and 25.20%,
respectively.

Regarding the people’s satisfaction from the perfor-
mance of sections involved in air pollution control, Isfahan
DoE ranked first accounts for 25.56% of variations. With a
slight difference, industries and the people’s performance
in using public transportation ranked second that explain
24.41% of variations, and TV-radio broadcasting and other
media took the third priority with 22.33% of variations in
factor analysis (Table 7). The results of Chi-square showed
that the people’s satisfaction from the involved sections
is as follows: 33.42% from TV-radio broadcasting, 30.53%
from Isfahan Municipality, 20.79% from Isfahan DoE,
16.84% from the people’s performance in using public
transportation, and 13.16% from industries. According to
these results, TV-radio broadcasting, Isfahan Municipality,
and Isfahan DoE were the foremost three organizations in
achieving the people’s satisfaction.

3.4 Correlation between AQIl and the questionnaire
responses

3.4.1 Temporal changes in AQI

Table 8 shows that the mean AQI index also increased
significantly (P-Value <0.0001) from 77.61 to 93.46 in the
period of 2008-2017 (P-Value < 0.0001); whereas, 84% of
respondents believed that Isfahan had a polluted or heav-
ily polluted air during the past 5 years from 2012 to 2017.

3.4.2 AQlindex and the pollution source

According to our findings, the relationship between
mean AQI and respondent’s opinions on the pollution
sources obtained via questionnaire was significant
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Table 8 Changesin AQI from

Mean AQI + SE No Year
2008 to 2017

100.00 + 1.09 365 2008
105.45 + 1.66 363 2009
102.44 +1.50 365 1010
88.11+1.50 341 2011
77.61+1.38 365 2012
92.86 +2.30 276 2013
103.62+1.45 365 2014
9542+1.20 365 2015
83.69+1.12 365 2016
93.45+0.50 365 2017

(P-Value <0.045). The two main pollution sources which
contributed a significant role in AQI changes over the
past years were as follows: (1) low-quality gasoline and
cars and the vast number of cars, and (2) natural factors
such as Zayandehroud River dryness, dust, and haze par-
ticles (Table 9).

3.4.3 AQl and pollution impacts

The results showed that the relationship between AQI
and respondent’s opinions on the impacts of air pol-
lution gained via a questionnaire were not significant
for the entire study period of 10 years (P-Value =0.220),
however, was highly significant for the period 2008-2015
(P-Value=0.032). Table 10 shows the crucial role of AQl in
susceptibility to mental diseases, neurological disorders,
decreasing people’s happiness (P-value=-0.026) as well as
increasing aggression and street violence (P-value =0.079).
Furthermore, the impact of air pollution in Isfahan on
historical monuments was found to be remarkable
(P-value =0.044).

4 Discussion

The present study was conducted to follow the links from
public perception, attitude, and knowledge on air pollu-
tion toward pro-environmental behavior for reducing the
air pollution level. Initially, it was tried to indicate how

Table 9 Regression results between AQIl and responses given to pollution sources

Model Unstandardized Standard- t Sig
Coefficients ized Coef-
ficients
B Std. Error Beta
Constant 79.937 7.246 - 11.031 0.000
Industries —0.379 0.947 -0.023 —0.400 0.689
Poor-quality gasoline and cars and the high number of vehicles 2.258 0.994 0.131 2.271 0.024
Drying up of Zayandehroud River, dust, and haze particles 1.965 0.943 0.118 2.083 0.038
Improper municipal management, poor performance of available structures (such as 0.049 0.996 0.003 0.049 0.961
universities and broadcasting companies)
Non-compliance with environmental laws and regulations as well as public culture in 1.137 0.946 0.072 1.202 0.230
using vehicles
Arid-warm climate of Isfahan 0.705 1.283 0.030 0.550 0.583
Table 10 Regression results Model Unstandardized Coef- Standardized t Sig
between AQIl and responses ficients Coefficients
given to the impacts of air
pollution B Std. Error  Beta
Constant 115.282 7.216 - 15.977 0.000
Multiple sclerosis (MS) —-0.459 1.468 —0.0020 -0.313 0.755
Mental diseases, neurological disorders, -4.166 1.860 -0.164 —2.240 0.0.026
decreasing people’s happiness
Respiratory discomfort -1912 1.849 —0.0070 -1.034 0.302
Hair and skin -0460 1.764 -0.0.018 -0.261 0.0.794
Increasing aggression and street violence 3.014 1.709 0.130 1.764 0.0.079
Tourism —-2222 1516 —0.0098 -1466 0.143
Historical monuments 2667 1.322 -0127 2.017 0.044
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much Isfahanian have knowledge about the problem of
the air pollution in the city and its impacts, then requested
from citizen to select a strategy that they feel it is helpful
for the control of this problem. One of the advantages of
this study is prioritizing people’s perspectives on air pol-
lution management in Isfahan including sources of air
pollution, affectivity of the executive management’s role,
air pollution control plans, the responsibility of people/
managers about air pollution, and the people’s satisfaction
about the performance of actions involved in air pollution
management. This can help the managers and decision-
makers to come up with the strategies which will be sup-
ported by the citizens.

The results of this research showed that the aware-
ness of Isfahanies regarding air quality condition and its
changes over the past few years accord well with changes
in AQI values, indicating that direct experiences and the
evident impacts of air pollution on human health are the
first and most important source of awareness among the
people of Isfahan. It was also found by the results of the
questionnaire-based survey that Isfahanies feel seasonal
and diurnal changes in air pollution because the qual-
ity of air is more unpleasant during summer and winter
compared to other seasons. Such a conclusion was cor-
roborated by similar studies in which scientists showed
that factors such as sunlight intensity, high temperature,
decreasing precipitation, air dryness, and air instability
during summer as well as air stability, temperature inver-
sion, and intensification of polluting emissions by indus-
tries involved with fossil fuel-related processes during
winter have the potential to rise air pollution level and
decrease people’s satisfaction about air pollution [38,
39]. Besides, Isfahanian people stated that air pollution
level is higher in the early morning, noon, and, especially,
afternoon hours. The high traffic load during these hours
is probably the main unfavorable air quality factor felt by
people. Walter et al. [40] investigated the public reaction
to air pollution in Nashville, Tennessee and found a close
correspondence between the people’s concern and air pol-
lution level (especially diurnal air quality index) which indi-
cates the increasing awareness of people in the area. Chen
et al. [41] found that an increase in air pollution reduced
the level of life satisfaction in Chinese citizens via envi-
ronmental perceptions so citizens living in districts with
poorer air quality are less satisfied with law enforcement.
Bickerstaff and Walker [1] assessed the people’s perception
of air pollution in Birmingham, UK and found a tendency
in people to engage with nature, green areas and live in
areas free from air pollution. By contrast, negative reac-
tions such as leaving waste on the street, crime, and being
unresponsive to the environment were more noticed in
areas in which people show less commitment to keep-
ing the outdoor environment clean. Such a concern and

dissatisfaction about air quality were found to be higher
in highly polluted areas including the central part of the
city where population and traffic are relatively high and
southeastern and northwestern parts surrounded by
industrial centers. These conclusions were also proved by
other researchers [4, 40, 42].

Moreover, it was found that the awareness about air
pollution risks and threats regarding respiratory diseases
among Isfahanies has been increased in recent years.
In the present study, the significant relationship found
between mean AQI and the respondents’ opinions about
the impacts of air pollution can be regarded as a con-
firmation on the people’s concern regarding the role of
air pollution in increasing susceptibility to physical and
mental diseases. Several research works on the relation-
ship between the concentration of environmental pol-
lutants and vulnerability to mental, physical, and neuro-
logical diseases which has clarified some latent aspects
of the impacts of air pollution on people’s health [13, 33,
43]. The increase of awareness and perception of people
about air pollution especially its risks and hazards can
awake public opinion to be more responsible for improv-
ing air quality regarding their significant role in mitigating
air pollution. This issue intensively influences on encourag-
ing the public to participate in environmental protection
plans or their willingness to pay for improving air quality
[9, 26]. Chin et al. [22] reported that Malaysians who expe-
rienced respiratory illness in their family were more willing
to pay for air pollution control than the others. Duan and
Sheng [19] investigated the relationship between envi-
ronmental knowledge and pro-environmental behavior
using national survey data in China. They found that the
individual environmental knowledge (i.e., living condi-
tions knowledge) may act as a strong driver for the pro-
environmental behaviors included private (personal activi-
ties at a household level) and public (at a general level)
activities. While professional environmental knowledge
(i.e., ecological and scientific knowledge) has only a direct
effect on public pro-environmental behavior. Wang et al.
[44] pointed out that the public willingness to participate
in air pollution control in the Beijing-Tianjin-Hebei region
is influenced by income level, occupation, the awareness
of air pollution, and governmental actions.

In our studied community, the perception and ten-
dency to the protection of the environment were more
evident in men than women which can be ascribed to
the fact that men usually face higher exposure to pol-
lutants by spending longer time outside. Studies such as
Levine and Strube [16] in Washington University and also
Chin et al. [22] in peninsular Malaysia support this find-
ing. They reported that males have higher environmental
knowledge than females so indicate more environmentally
friendly behaviors. However, several studies have pointed
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out that women tend to express a higher level of concern
about environmental hazards than men as they may more
sensitive and responsible about environmental issues [7,
21, 31]. Seif and Nematolahi [3] examined the effective
factors on environmentally friendly behaviors among
high school students in Shiraz, Iran, and found that stu-
dent girls express higher levels of concern about environ-
mental issues so tend to express more pro-environmental
behavior than student boys. Duan and Sheng [19] and Xiao
and Hong [45] indicated that females better perceive the
environmental values so they were more engaged in pri-
vate pro-environmental behaviors than men among the
Chinese public. Such differences may be associated with
different roles of women who act usually as caregivers and
men act as breadwinners.

The findings showed that people consider natural fac-
tors such as Zayandehroud dryness (intensified by the
arid-warm climate of Isfahan) and, thereafter, improper
municipal management, transportation, and industries
as the main worrying contributing factors to air pollution.
Furthermore, the correlation between AQI values and
respondent’s opinion on air pollution source identifica-
tion further elucidated the role of several factors such as
low quality of gasoline and cars, a large number of cars,
and natural factors (such as dust particles and drying up
of Zayandehroud River) in worsening air quality of Isfahan.
Karimi et al. [29] revealed that arid and semi-arid climates
(low precipitation and high temperature) have a significant
impact on increasing the level of air pollution in Isfahan
Province.

The effect of natural factors such as dust and parti-
cle matters (2.5 and 10 um) in the country’s large cities
such as Isfahan has acquired special attention because a
considerable proportion of these matters has stemmed
from air dryness and encroachment of mobile sands. The
importance of dust and haze particles in Isfahan was first
raised in 2007, but it lost attention quickly until present
which has again emerged as one of the most tangible
environmental-anthropogenic crises of everyday life with
significant economic impacts. Being located in the central
plateau of Iran with an arid-warm climate, high evatrans-
portation (about 3500 mm per year), poor vegetation
cover, and intense winds as natural factors [46] and over-
exploitation of underground waters, degradation of forests
and rangelands, and development of sand mines as well
as gypsum and brick kilns as anthropogenic factors which
are particularly influential in eastern Isfahan [47] have led
to increasing dust storms blowing through the city and
jeopardizing people’s health over the past years.

Besides the ravaging impacts of dust and haze storms
on air and semi-arid regions of the country, studies and
special investigations have outlined that the most pro-
found and common air pollutants in big cities like Isfahan
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come from stationary (domestic, commercial, and indus-
trial) and mobile (transportation vehicles) sources, so
that from the total amount of pollutants emitted into
the ambient air, 13% resulted from urban industries, 11%
from domestic sources, and 76% from traffic exhausts [24].
Several national and international reports pointed out
that transportation and industry are the most important
sources of pollution around the globe respectively [48]. In
Iran, transportation comprises the largest share of air pol-
lution by producing nearly 64.3% of the total emission of
nitrogen oxides, 29.3% of sulfur dioxide, 27.5% of carbon
dioxide, 24.8% of sulfur trioxide, 98.6% of carbon mon-
oxide, 96.396% of unburned hydrocarbons, and 79.2% of
particle matters [49]. In a similar study, Cisneros et al. [31]
assessed the public perception from air quality and pol-
lution sources in San Joaquin, California and found that
it is important to provide clarification about air pollution
sources and their respective share because the real con-
tribution of various sources in air pollution was different
from the people’s perspectives. For example, the top-three
pollution sources were supposed by people to be cars, par-
ticle matters, and industries whereas, in reality, they were
found to be agriculture, cars, and pollution resulted from
the Gulf, respectively.

Among the practical air pollution abatement strategies
to be implemented in Isfahan, the people’s opinions were
more leaned toward subway construction, development of
green areas, and improving municipal management. Since
modern transportation systems such as trolley and subway
have started to be constructed in Isfahan, the majority of
transportation vehicles are now spewing out high levels of
emissions. This has evoked wide public concern and peo-
ple believe that the running of the subway would serve
as a major contributor to decreasing the use of personal
cars and, in turn, reducing air pollution. Yazdanibakhsh
et al. [26] in their study on investigating the priorities in
air pollution management in Isfahan, Iran, reported that
developing and improving the public transportation such
as the establishment of subway facilities should be the first
priority of the decision-makers and managers to mitigate
the air pollution in Isfahan.

It should be noted that the large and growing num-
ber of cars in the city (1,168,000 registered gasoline cars
by 2008) [24] still urges to improve gasoline quality and
optimize energy efficiency [50, 51]. The importance of con-
sidering this issue was further highlighted by the results
of this study, indicating that 44.82% of people frequently
use personal vehicles to commute within the city. In recent
years, however, air pollution and the concentration of car-
bon monoxide, sulfur dioxide, and nitrogen oxides in big
cities like Isfahan have been managed by laying out some
effective strategies such as supplying them with Euro-
IV quality gasoline, giving special attention to the fuels
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utilized in industries (as stationary pollution sources) by
replacing them with non-fossil fuels (e.g., replacing mazut
with natural gas at Isfahan power plants). In the study of
Mohammadkhah et al. [52] on evaluating the knowledge
and attitudes of the students of Shahid Beheshti University
of Medical Sciences (SBMU) about the air pollution sources
and solutions in Tehran where the improvement of the
quality of fuel, vehicles, and development of green space
were the suggested solutions to mitigate the air pollution.

In addition to the above mentioned issues, we conclude
the following basic problems lead to unhealthy air quality
in large cities such as Isfahan:

1. Although there are many rules and regulations for
protecting the environment and reducing the air pol-
lution, these laws are either not deterrent enough or
not properly enforced.

2. It seems each responsible organization, company,
administration, or people for improving the quality
of the air, regards the other sectors to be responsible
for the present status and intends to exonerate rather
than to accuse.

3. The level of awareness and knowledge of people
about the air quality and its related impacts are not
well enough. This issue has led not only to know of
their duties but also the proper ways of requesting the
custodians.

Therefore, the following solutions can be considered
as key solutions to the present status of air quality in big
cities:

1. Execution of existing laws and drafting other incentive
and preventive laws in the form of a comprehensive
pollution prevention plan for improvement of the air
quality.

2. Integrated management between lawmakers, deci-
sion-makers, and people for solving the air pollution
problem.

3. Helping to improve the attitude, understanding,
awareness, and knowledge of people about the impor-
tance of air quality and their duties and custodians
about air pollution by implementing educational and
promotional programs and the proper use of media
tools.

According to the findings, it should be considered that
raising citizen’s awareness and their engagement is an
initial solution to the air pollution problem in which its
prerequisite is to outline effective policies that motivate
and shape the behavior of people. This conclusion was
confirmed by other research works on public perception
and engagement practices in air pollution management

[16-18]. Therefore, it is important to awaken public opin-
ion regarding the health hazards of air pollution, its trig-
gering factors, and controlling strategies to better par-
ticipate in air pollution management. However, the next
step for the integrated management of air pollution is
that the control measures should be done by managers
and decision-makers. Wang et al. [44] reported that as air
pollution control is a large-scale task and different sectors
are involved, the public individual participating and gov-
ernmental actions can help together to reach a win-win
solution in improving the air quality.

Table 11 shows the main sources of the concerns and
dissatisfaction of Isfahanian citizens about the air quality,
and also the major control measures to reduce air pollu-
tion related to each source were based on the finding in
the present study as well as previously published research
works [26, 29, 47, 50, 51, 53]. This may help the decision-
makers to pay attention to the most important challenges
facing people to prioritize the main strategies to reduce air
pollution. As it is mentioned in Table 11, raising the level
of individual education may have a significant role in air
pollution control especially related to the use of transpor-
tation (private and public). This can help people to per-
ceive their commitment and tasks toward environmental
protection. This issue in other research works was also
confirmed that environmental education gives people a
deeper perception about the environmental pollution to
follow more pro-environmental behavior [19, 52]. Zhao
et al. [54] found that public education about haze pollu-
tion is needed not only to increase the basic knowledge
of the problem but also to improve self-care and reduce
the exposure risk.

We believed that in this study we tried to clarify the
importance and necessity of public participation in air
pollution control. However, there are some limitations
and shortcomings. An important limitation of this study
is that the selected sample size is fairly small and may not
be representative of the population in Isfahan city, so the
results must be interpreted with caution. Second, the sur-
veys were conducted in the summer and fall of 2016-2017.
We assume that people’s opinion might be different a bit
in winter and spring as the highest and lowest level of air
pollution, respectively. Third, other influencing parameters
on public perception like subjective norms, culture, occu-
pational status, and income should be considered.

5 Conclusions

The main focus of the present paper was to express the
importance of social dimension associated with air pol-
lution such as the perception, incentives, awareness, and
responsibility of the public to air pollution in Isfahan city
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Table 11 Summary of the main sources of air pollution in Isfahan city and the major control measures to reduce air pollution burden (based
on Isfahanian citizens opinions and previously published research works) [26, 29, 47, 50, 51, 53]

Main sources of air pollution

Major control measures to reduce air pollution

Zayandehroud dryness and the arid-warm climate of Isfahan lead to
increase of dust and haze emission in air

High population and traffic in the central part of the city

Presence of industries and factories in southeastern and northwest-
ern part

Development of vegetation cover for control of winds and haze
emission

Prevention of over-exploitation of underground waters
Prevention of degradation of rangelands and plant cover

Educating and encouraging people for the reduction in water con-
sumption and following water conservation

Improve emission standards for vehicles

Improve gasoline and diesel quality

Restrict the use of private cars

Reduce the registration of additional cars

Promoting clean energy vehicles

Promoting public transportation

Providing facilities for public welfare in the whole city

Educating and encouraging people to the use of clean vehicles and
public transportation

Properly locating industrial areas

Use of air cleaning devices ( separators or collectors)

Change in fuel type (use of natural gas as a clean fuel)
Substitution of highly polluted input materials

Modification or change of the industrial process or equipment

as a highly air-polluted city in Iran. It is found that the pro-
environmental behaviors of people significantly depend
on their perception of air pollution as public engag-
ing in air pollution control plans will be obtained by an
increase of their awareness about air quality status, its
health-related consequences, and high level of citizen’s
responsibility. This clarification makes people aware and
inspires them to do activities to decline the air pollution
burden and prevent some economic damages of air pol-
lution to public health and the environment. The role of
media (TV, radio, newspapers, and virtual media) can play
a vital role in improving pro-environmental behaviors.
Moreover, the role of managers and decision-makers in
the integrated management of air pollution to provide
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mitigating infrastructures must be followed to attract
people’s satisfaction.
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Table 12 Survey questionnaire about air pollution

The awareness level of Isfahanies about air pollution

People’s perspectives regarding air pollution management in Isfahan

Very low Low Moderate High Very high

The relationship between education and willingness-to-pay for
reducing air pollution

Under diploma Diploma Advanced diploma BSc MSc PhD

People’s satisfaction from the performance of sections involved in air
pollution abatement

Isfahan Municipality. Isfahan Department of Environment (DoE).
Industries. Citizens TV-radio broadcasting

Pollution impacts

Multiple sclerosis (MS). Mental diseases, neurological disorders,
decreasing people’s happiness. Respiratory discomfort. Hair and
skin. Increasingaggression and street violence. Tourism. Historical
monuments

Source identification

Industries. Poor-quality gasoline and cars and the high number of
vehicles. Improper municipal management, poor performance of
available structures (such as universities and broadcasting compa-
nies). Non-compliance with environmental laws and regulations as
well as public culture in using vehicles. Drying up of Zayandehroud
River. Arid-warm climate of Isfahan

Executive management

Gasoline quality. Quality of manufactured cars. Closure of large
industries. Suitability of the approved rules and regulations for air
pollution abatement. Enforcement guarantee of rules

Air pollution control and improvement

Industrial performance improvement. High-quality gasoline and
exchange of old car. Improving the people’s culture in using public
transportation. Improving municipal management. Placing envi-
ronmental and energy conservation labels on products. Construc-
tion of Isfahan subwayExpansion of green areas

Responsibility for controlling air pollution

Isfahan Municipality. Isfahan Department of Environment (DoE).
Industries. Citizens
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