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ABSTRACT

Introduction: Airborne particles are considered as an important indicator 
of outdoor air quality. Many health problems have been linked to 
high concentrations of  Particulate Matters (PMs) and their associated 
microorganisms. The aim of this study, therefore, was to investigate the 
population of bacteria in PMs in various times and locations. 
Materials and methods: The PM samples  including PM2.5, PM10 and Total 
Suspended Particles (TSP) were taken from 4 different stations of Isfahan 
city, Iran on February (cold season) and July (warm season), 2019 using an 
air sampling pump on culture media. The number of bacterial colonies was 
counted after 48 h growth in the incubator at 37 oC. The PMs concentration 
and some morphological characteristics of bacteria were also investigated. 
Results: The highest number of bacterial colonies was in TSP followed by 
PM10 and PM2.5. The bacterial populations at two stations in north and east 
of the region in the warm season were higher than in the cold season, and 
the respective situation in the other two stations at south and center of the 
city was reversed, which seems somehow to have been the result of the PMs 
concentration of difference of pollution sources in various locations and 
seasons.
Conclusion: This study highlights the importance of PMs pollution especially 
PM2.5 (i.e. the main factor affecting the air quality of the study area) as the 
carrier of microbial pollution in the air which could adversely affect human 
health. 
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Introduction 

Rapid growth of population has been associated 
with industrialization and urbanization have led 
to air and environmental pollution [1]. Indoor 
and outdoor air pollution may be associated with 

various health effects, including respiratory and 
cardiovascular diseases, pneumonia, chronic 
obstructive pulmonary disease, lung cancer as 
well as premature human mortality worldwide 
[2]. World Health Organization (WHO) has 
reported that about 4 million people die every 
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year prematurely from diseases caused by 
household biomass smoke [3]. The prevalence 
of many different respiratory, vision and skin 
diseases is the consequence of exposure to air 
pollutants such as Particulate Matters (PMs) 
and bioaerosols [4, 5]. It has been reported 
by WHO that the mean attributable death rate 
due to ambient and household air pollution 
particularly PM2.5,(i.e. the fine particles with 
aerodynamic diameter ≤2.5 µm) is 94.8 per 
100,000 population [3]. Various organic and 
mineral substances such as heavy metals, 
sulfate ions, nitrate and ammonium, and 
organic compounds (e.g. Polycyclic Aromatic 
Hydrocarnons (PAHs)) associated with PMs, 
could adversely affect human health [6-9].

Air pollution caused by human activities is 
one of the most important destructive factors 
to the environment. Industries, power plants 
and domestic and commercial sources have 
caused regional problems by releasing ozone-
depleting gases and the production of acid 
rain and have also led to global problems like 
climate change by releasing carbon dioxide 
and other greenhouse gases. These problems 
are the most important global challenges at 
present [1]. Air pollution has different sources 
and characteristics with respect to their 
combination and the situation, under which 
they are produced and consequently it would 
have different environmental and health effects 
[2]. 

Bioaerosols are airborne compounds or 
microfragments of plants, animals and 
microorganisms which are dead or alive 
[10]. Different types of bioaerosols including 
bacteria, viruses, fungal spores, mosses, 
ferns, pollens and small plant seeds as well as 
parts of arthropods and dander of pets in the 
air can be attached to PMs [11]. Bioaerosols 

could be coated by liquid or solid secondary 
organic and inorganic materials that affect their 
physicochemical and biological properties. 
Bioaerosols may contain some pathogenic 
microorganisms (e.g. bacteria and fungi), 
which induce some side effects relative to 
health such as respiratory diseases [12, 13]. 
Air borne particulate matters can act as carriers 
of pathogenic microorganisms, and this 
interaction has serious consequences, such as 
deeper penetration into the lungs than expected. 
As a result, when chemical and biological 
components combine in PMs, harmful effects 
on health like chronic lung disease, asthma and 
lung cancer will increase [4]. 

The bioaerosols in the air may be found 
as separate particles or dense particles 
(agglomerates). Therefore, their dynamics 
in the air mainly depends on the physical 
properties of the particles, where the size and 
concentration are the most important ones [14]. 
Various parameters including temperature, 
humidity, and extent of air pollution may 
affect the composition and concentration 
of bioaerosols [15]. In this regard, previous 
researches showed that dust events as one of 
the main source of air pollution in Middle East 
countries could affect microbial concentrations 
in PMs so that the concentration in dust event 
days was more than normal days [16-18]. So far 
extensive researches have been conducted on 
the spatial and temporal changes of bioaerosols 
[19-21]. Given the current state of societies 
and the prevalence of the new Covid-19 virus, 
more attention has to be paid to micro-airborne 
particles and the role of bioaerosols in the 
transmission of pandemic diseases, especially 
through the respiratory tract and the infection 
of human population. So the investigation of 
microorganism populations associated with air 
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pollutants specially PMs having different sizes 
is very important issue.

Isfahan is one of the metropolises in Iran that 
has no clean and healthy air in most time of the 
year due to various industrial activities, such 
as iron and steel industries, power plants, brick 
production, cement factories, lime and gypsum 
mines, transportation and proximity to desert 
which is the source of natural dusts. Particulate 
matters, especially PM2.5, are the most important 
factors influencing the air quality of the city. 
Considering the existence of various diseases, 
especially cardiovascular and pulmonary 
diseases in this city and its potential relationship 
with air pollution, it is important to study the 
PM characteristics, particularly identification 
of microbial population associated with fine 
particles. Therefore, this study was conducted 
with the aim of identification of spatial and 
temporal variation of bacterial population in 
PMs of ambient air with various sizes (PM2.5, 
PM10 and TSP).

Materials and methods

Sampling area

Isfahan city, the capital of Isfahan province, is one 
of the metropolises of central Iran (Fig. 1). The 
city has a population of about 3 million. There 
are various urban, agricultural and industrial 
activities in the region including iron and steel 
industries, oil refinery, petrochemical industry, 
power plant, brick and cement production, 
lime and gypsum mines and transportation as 
well as natural centers of dusts in suburbs, 
especially in the eastern part which have been 
adversely affected air pollution. In this study, 
4 sampling stations were selected based on the 
level of air pollution, proximity to urban and 

industrial areas and population density. The 
station 1 (Isfahan University of Technology) is 
located in the north of city and close to Isfahan 
oil refinery, Isfahan petrochemical industry 
and power plant industrial zones). The station 
2 (Jey station) is located in the east near the 
main bus station of the city and the closed to 
the desert area which is considered as natural 
dust sources. Station 3 (Soffeh station) is 
located in the south and near the cement, Iron 
and Steel Industries. Station 4 (Imam Hussein 
square station) is located in the city center and 
is mainly affected by transportation activities. 
The location of the stations is shown in Fig. 1.

PM sampling and measurement 

Samples of Particulate Matters (PM2.5, PM10, 
TSP) on plates containing culture media were 
separately collected on February (cold season) 
and July (warm season) 2019 in one day and with 
three repetitions in each station. Sampling was 
done using an Anderson’s one stage impactor 
(SKC, UK) and it was done continuously and 
actively for 20 min using the sampling pump 
with a volumetric flow of 28.3 L/min [22]. In the 
summer, due to the high density of the created 
bacterial colonies and their unaccountability, 
sampling took 10 min. An important principle 
in sampling of bioaerosols is to sterilize the 
equipments. Therefore, before the culture 
medium was placed inside the sampler, the 
sampler chamber and cyclones were sterilized by 
autoclave device. A plate was used as a control 
sample from the beginning of sampling to the 
end at each station. The sampling device had 
two particle-separating cyclones, where after 
passing of airborne particulates, only PM2.5 and 
PM10 were sucked on the culture medium, and 
without them, TSP was collected on the culture 
medium. The samples were collected from the 
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height of 2 m above the ground (normal height 
for measuring pollutants and human respiratory 
height). A general culture medium, nutrient 
agar (Merck, Germany), was used to determine 
the bacterial population. After sampling, the 
plates (both control and main samples) was 
completely sealed with parafilm and aluminum 
foil (to eliminate any initial contamination). 
Between the samples, inside of impactors and 
cyclones was disinfected by ethanol (70 % 
v/v). At each station 4 plates were used the 
name of the sampling station, the date and time 
of sampling were recorded. After the sampling, 
the plates were transferred to laboratory. The 
number and concentration of PM2.5 and PM10, 
relative humidity and air temperature were 
measured using a portable device (CEM, DT-
9881, Taiwan) during the sampling time. 

Bacterial growth and colony counting 

The collected samples were transferred to the 
incubator which was set at 37 °C. After 48 h 
the colonies formed on the culture medium 
were counted directly using the colony counter 
device and finally were reported in unit of 
colony forming unit CFU/m3 based on total air 
volume sucked. After that the colonies were 
characterized using the Gram staining and 
morphological shape [23].  

Data analysis

SPSS 22 and Excel 2016 were used for 
statistical analyses and to draw the graphs. 
Duncan's average comparison test was used to 
compare the mean values.

Fig. 1. Location of sampling points. S1: Isfahan University of Technology station; S2: Jey station, S3: Soffeh 
station; S4: Imam Hussein Square station
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Results and discussion

PMs concentration and meteorological 
parameters 

Temperature and relative humidity are two 
important environmental parameters that affect 
the survival of bioaerosols in the environment. 
In winter, these parameters were higher in 
station 1 (Isfahan University of Technology) 
and station 3 (Soffeh) and in summer, the same 
parameters were higher in station 1 and station 
4 (Isfahan University of Technology and Imam 
Hussein Square, respectively) in comparison 
with the other stations (Table 1). 

The average concentrations and number of 
PM2.5 and PM10 in both cold and warm seasons 
at stations 1 and 2 were higher than stations 3 
and 4. Station 1 had a higher concentration than 
other stations which might because of the effect 
of industrial activities (e.g. Isfahan oil refinery, 
Isfahan petrochemical industry and Isfahan 
power plant) and the traffic of heavy vehicles in 
north highway of Isfahan city. Station 2 had also 
a high concentration and number of PMs due 

Table 1. The average concentration of particulate matters and count and some metrological parameters of 
sampling stations in winter and summer

 
S1: Isfahan University of Technology station; S2: Jey station, S3: Soffeh station; S4: Imam Hussein square station 
 

 Station 
2.5 PM

concentration 
)3(µg/m 

10PM 
concentration  

)3(µg/m 

 2.5PM
)3(count/m 

10PM 

)3(count/m 
Temperature 

C)o( 

Relative 
humidity 

(%) 

Winter 

S1 74 53 595 40 7.5 30.1 
S2 28 71 708 33 9.8 27.2 
S3 7 19 164 10 13.4 13.5 

S4 4 42 222 15 13  
11.6 

Summer 

S1 25 101 632 52 24.4 25.1 
S2 15 71 318 34 27.8 18.8 
S3 18 35 180 18 30.8 15.6 
S4 12 38 186 22 38.5 9.5 

to the transportation, as well as greater impact 
from the eastern centers of Isfahan which is the 
main source of natural dusts. The concentration 
of PM2.5 in stations 1 and 2 in cold season was 
higher than of that in warm season (Table 1). 
The location of these points and the activation 
of sources producing small particulate matters, 
such as industry and transportation, as well as 
their intensification due to the air inversion 
could increase PM concentration in stations 1 
and 2. The concentration of PM10 in all stations 
except station 4 located in the city center has 
an increasing trend in warm season compared to 
cold season (Table 1). One possible cause could 
be the impact of these areas from local dust, as 
well as increased vehicle traffic there during 
the warm season. The same trend is seen for the 
number of airborne particles. This makes sense 
given the relationship between the number of 
particles and their concentrations.

The trend of changes of bacterial population in 
different seasons and stations

In warm season, the population of bacteria 
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associated with particles of different sizes in 
stations 1 and 2 was higher than that in cold 
season. While in two next stations (station 3 
and 4) the population of bacteria was higher 
in cold season or it didn’t show any significant 
difference (Figs. 2-4). This trend was also 
consistent with the concentration of PMs at 
these regions (Table 1). It has been reported that 
there may be a direct link between microbial 
mortality and PMs concentration, and the 
microbial population may gradually increases 
as the air warms up [24, 25]. Of course, climatic 
conditions such as wind speed and direction, 
and the extent of their affection from the sources 
of PMs are influential in this regard. The mean 
bacterial concentration was less than of other 
parts of Iran, such as Ahvaz, Sananjdaj and Ilam 
where more affected by dust storms and have 
higher PM concentrations [16-18]. The special 
location of station 3, its great distance from the 
surrounding industry and the lower traffic of 
cars there, has made the average concentration 
of particles and bacterial population less than 
those in other study areas. There is usually a 
positive relationship between human activity, 
vehicle density, and population density with 
increasing of particulate matter, dust, and smoke 
in the air which are places for bacteria to bond. 
More vegetation around areas 3 and 4 than other 
areas can also be effective in reducing bacterial 
populations in PMs. The presence of vegetation 
in an area not only reduces bacteria in the air, 
but also destroys bacteria by producing volatile 
compounds that have disinfectant properties. It 
should be noted that land-use change affects the 
formation and distribution of bioaerosols [11]. 
This doubles the need to maintain vegetation 
and to prevent land-use conversion, especially 
in densely populated urban areas. Furthermore, 
vegetation may reduce the soil erosion and 

consequently decrease the PM concentrations 
which significantly affect microbial populations 
associated with particles [16-18]. 

In winter, the concentration of bacteria can 
be increased due to the lower air temperature 
and less exposure to sunlight, which has its 
own ultraviolet rays which have disinfectant 
and antimicrobial properties. However, in the 
present study, it seems that what has increased 
the bacterial population in winter in some 
places has been the increase in the concentration 
of PMs that has a direct relationship with the 
bacterial population. Factors such as the 
concentration of industrial activities, the air 
pollutants concentration, proximity to factories 
and industries, air temperature, air pollution on 
sampling days, and vehicle traffic are effective 
in increasing the population of bacteria in the 
air. On the other hand, climatic conditions 
in different places and times can be different, 
which affects the bacterial population. The 
relationship between environmental conditions 
and the distribution of bacteria in the air 
shows that microbial compounds can pose a 
higher health risk due to pathogenic factors 
or insensitive components of uncontrolled 
environmental bacteria [26]. In addition, due to 
weather conditions, including wind, humidity, 
and exposure to ultraviolet radiation, bioaerosols 
cannot survive for a long time. However, there 
are still concerns about exposure to bioaerosols 
in air polluted area.

The results also showed that the trend of 
increasing bacterial population in PMs from 
small particles to large particles, which was due 
to the increase in mass and concentration of 
particles with the same trend. Since all PMs can 
contain small and large particles, the presence of 
bacteria and other bio-aerosols having various 
sizes from 0.1 to 100 µm is very likely.
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Fig. 2. Bacterial population in PM2.5 collected from ambient air from 4 stations in winter and summer

Similar letters show insignificant difference in Duncan test (P<0.05). Columns represent mean and bars are 
standard deviation. S1: Isfahan University of Technology station; S2: Jey station, S3: Soffeh station; S4: Imam 

Hussein square station. 

Similar letters show insignificant difference in Duncan test (P<0.05). Columns represent mean and bars are 
standard deviation. S1: Isfahan University of Technology station; S2: Jey station, S3: Soffeh station; S4: Imam 

Hussein Square station 

Fig. 3. Bacterial population in PM10 collected from ambient air from 4 stations in winter and summer
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The highest bacterial concentration was 
obtained in TSP samples of warm season which 
could have the enhancing factors including high 
temperature and PM mass concentration. The 
dust storms are one of the main sources of PMs 
in the region during the warm seasons which 
may significantly affect PM concentration and 
consequently increases bacterial population 
associated with the particles. Higher bacterial 
concentrations in stations 1 and 2 than those 
in the other stations could be originated from 
the effect of natural dusts as one of the main 
sources of PMs in those points.

Some morphological characteristics of 

bacteria

The percentage of bacteria associated with 
PM2.5, PM10 and TSP divided by gram-
positive (G+) and gram-negative (G-) ones in 
different seasons is presented in figs. 5, 6 and 
7, respectively. In general, in warm and cold 

seasons, G+ bacteria showed higher populations 
than G- bacteria in all stations (except station 
3 in warm season). This is highlighted in 
PM10 and TSP in summer (Figs. 5-7) which 
included particles larger than PM2.5 originated 
mainly from natural dusts in the region, while 
in winter the trend was inverse considering 
that the main potential sources of PMs could 
be anthropogenic sources such as fossil fuel 
combustion, transportation and industrial 
activities. Although this finding is in line with 
previous studies demonstrating dominance of 
G+ bacteria among the PMs associated bacteria 
[18, 27], however it should be noted that it not 
only could be due to the method of bacterial 
culture (i.e. culture-based) which primarily 
detect gram-positive bacteria [28] but also 
might be influenced by growth medium, 
temperature and inoculation time which change 
microbial community [29].  It is stated that the 
pathogenesis risk of G- bacteria is higher than 
that of G+ ones, however there are pathogenic 
species in both groups [30]. 

 Similar letters show insignificant difference in Duncan test (P<0.05). Columns represent mean and bars are 
standard deviation. S1: Isfahan University of Technology station; S2: Jey station, S3: Soffeh station; S4: Imam 

Hussein Square station

Fig. 4. Bacterial population in TSP collected from ambient air from 4 stations in winter and summer
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Fig. 5. The percentage of Gram-negative and Gram-positive bacteria in PM2.5 collected from ambient air from 
4 stations in winter and summer S1: Isfahan University of Technology station; S2: Jey station, S3: Soffeh 

station; S4: Imam Hussein Square station

Fig. 6. The percentage of Gram-negative and Gram-positive bacteria in PM10 collected from ambient air from 4 
stations in winter and summer S1: Isfahan University of Technology station; S2: Jey station, S3: Soffeh station; 

S4: Imam Hussein Square station
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According to the results obtained in the cold 
season, 32, 58, 66 and 44 percent of the bacteria 
had bacilli (rod) morphology in stations 1, 
2, 3 and 4, respectively, while 68, 42, 34 and 
56 percent of bacteria were cocci (spherical). 
The bacilli-shaped bacteria were 68, 32, 85 
and 63 percent of total in station 1, 2, 3 and 
4, respectively, and the correspondent amounts 
for cocci-shaped bacteria were 32, 68, 15 and 
27 percent. However, it should be noticed that 
morphology of bacteria may change because of 
environmental conditions [31].

Since the bacilli-shaped bacteria have the 
potential of pathogenicity, the results may show 
the risk potential of the predominant bacteria 
associated with PMs particularly in summer 
throughout the study area. However, it needs 
identification of all bacterial species in PMs 
and it’s not premature to conclude based on 
morphological characteristics in this regard. It 
should be noticed that during the warm season 

we usually have several dust storm events 
throughout the country and the south, southwest 
and central regions are more affected. So more 
bacterial concentration is expected to see in 
PMs which mostly are G+ and spore-forming 
bacteria such as Bacillus and Microbacterium 
[18]. Previous researches showed that Bacillus, 
Staphylococcus, Streptomyces, Kocuria and 
Corynebacterium were the most dominant 
species in Ahvaz, Sanandaj and Ilam which are 
usually affected by dust storms and could be 
also occured in Isfahan and other cities of Iran 
[16-18].

Conclusion

Given the importance of PMs, especially PM2.5, 
in discussing air quality and human health, it is 
important to pay attention to the chemical and 
biological compounds associated with them to 

Fig. 7. The percentage of Gram-negative and Gram-positive bacteria in total suspended particles (TSP) 
collected from ambient air from 4 stations in winter and summer S1: Isfahan University of Technology station; 

S2: Jey station, S3: Soffeh station; S4: Imam Hussein Square station
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assess their risk. This has double importance in 
developing countries such as Iran and industrial 
metropolises such as Isfahan where are severely 
facing PMs pollution in ambient and indoor air 
originated mainly from industrial activities, 
transportation and fossil fuel combustion as 
well as dust storms. The results of this study 
showed that depending on the time, place and 
the size of the PMs, the bacterial population of 
the air will also be different. The type and source 
of particles can affect the bacterial population 
associated with them. The area where had the 
higher PM concentrations was mostly in warm 
season because of natural dusts showed the 
higher bacterial concentrations than the area 
with lower PM concentrations. Furthermore, 
the bacterial concentrations in TSP was higher 
than PM10 and PM2.5 which revealed the effect 
of PM size and mass on their associated 
microbial populations. Although gram-positive 
bacteria had a higher population than gram-
negative bacteria in particles, both categories 
might be considered in terms of their negative 
health effects. This requires the identification 
of different bacterial species binding with 
particles, especially in an area that has been 
affected by a particular disease and the type 
of cause of that disease is clear. Furthermore, 
the interaction of PMs and other bioaerosols 
such as viruses particularly Covid-19 which 
has significantly affected the health of people 
throughout the study area as well as the world 
should be investigated. However, the presence 
of bacteria along with PMs suggests that 
controlling of these pollutants to reduce their 
negative effects on human health should be 
given serious attention by policymakers.
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