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ABSTRACT
Article Info: EET I s IV e Walsy The assessment of indoor air quality and detection of its microbial pollutants in
11Sep 2019 : classrooms is very important because of the presence of children sensitive to these pollutants. The aim
16 Nov 2019 of this study was to determine the concentration and characterization of dominant species of biological
0lFeb2020 :  aerosols and their relationship with environmental factors in two selected primary schools in Arak, Iran.

This cross-sectional study was conducted at two primary schools in Arak, Iran in Fall
2018. Indoor air sampling was performed using single-stage Andersen microbial sampler (at flow rate of
28.3 liters/min) containing bacterial and fungal culture media. The effects of suspended Particulate Mat-
ter (PM) and environmental parameters (temperature and humidity) on the density of bioaerosols were
evaluated.

This study with an ethics code of IR ARAKMU.REC.1397.76 was approved by the
Research Ethics Committee at Arak University of Medical Sciences.

EBMIE The overall mean density of indoor bacteria and fungi was 448 cfu/m? and 394 cfu/m?, while the
mean density of outdoor bacteria and fungi was 210 cfu/m? and 127 cfu/m?3, respectively. There was a
positive correlation between indoor density of airborne bacteria and suspected PM concentrations (PM
10and PM 2.5), and between PM2.5 concentration and indoor fungal density (P<0.05). Penicillium (40%),
Cladosporium (19%) and Aspergillus (16%) were dominant species of fungi, while Staphylococcus (42%),
Micrococcus (28%), Bacillus (21%) were the dominant species of bacteria.

The age and type of building and the density of students in a classroom are the main factors
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Fungi in increasing the concentration of bioaerosols.
poor indoor air quality and incidence of infectious, respira-
tory and allergic diseases. The classroom is an environment
Introduction where students spend most of their day. Inside the class-
room, students are exposed to airborne physical, chemical,
n recent years, exposure to bioaerosols has and microbial agents. The assessment of indoor air quality
been of great importance due to its associated and detection of microbial pollutants in classrooms is very
health problems. The World Health Organiza- important because of the presence of children sensitive to
tion has warned of the health implications of these pollutants. The aim of this study was to determine the
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concentration and characterization of dominant species of
biological aerosols and their relationship with environmental
factors in two selected primary schools in Arak, Iran.

Methods and Materials

This cross-sectional study was conducted at two primary
schools in Arak, Iran in Fall 2018. Indoor air sampling was
performed using single-stage Andersen microbial sampler
(at flow rate of 28.3 liters.min) containing bacterial and fun-
gal culture media. Indoor air sampling was carried out during
regular class activity hours at a height of 1.5 m above ground
level. At the same time, the effects of suspended Particulate
Matter (PM) and environmental parameters (temperature
and humidity) on the density of bioaerosols were evaluated.
In order to determine the ratio of indoor to outdoor concen-
trations, sampling of school yard air was performed simul-
taneously as an outdoor sample. Bacterial media were incu-
bated at 37 °C for 24-48 h, and plates of fungal samples were
kept at ambient air for 5-7 days. The number of colonies was
then counted and reported per CFU.m’. Bacterial colonies
were identified by biochemical tests and fungal colonies
were identified through macroscopic morphological features
and microscopic observations. Kruskal-Wallis test was used
to compare the concentration of bioaerosols in different en-
vironments, and Spearman’s rank correlation test was used
to investigate the relationship between different parameters.

Results

The overall mean density of indoor bacteria and fungi
was 448 cfu.m3 and 394 cfu.m?®, while the mean density of
outdoor bacteria and fungi was 210 cfu.m’® and 127 cfu.m’,
respectively. The highest and the lowest mean bacterial den-
sity belonged to the second floor classroom of School No. 2
(559+141 cfu.m®) and the first floor classroom of School No.
1 (293+170 cfu.m®), respectively. Moreover, the first floor
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classroom of School No. 1 (63£25 cfu.m®) and the first floor
classroom of School No. 2 (132498 cfu.m?) had the lowest
and highest mean fungal density, respectively, in the air of
different areas (Figure 1).

Statistical analysis showed that there was a significant dif-
ference between the indoor concentrations of airborne bacte-
ria and fungi (P<0.05), but not between their outdoor concen-
trations (P>0.05). Mann-Whitney U test results showed that
the mean concentrations of PM10 and PM, ; in outdoor air
were significantly higher than in indoor air (Table 1). There
was a positive correlation between indoor density of airborne
bacteria and suspected PM concentrations (PM, and PM, ),
and between PM, ; concentration and indoor fungal density
(P<0.05). Humidity and density of indoor airborne bacteria
and fungi were directly correlated with each other, but no
relationship between temperature and density of biological
aerosols was reported (Table 2). Penicillium (40%), Clado-
sporium (19%) and Aspergillus (16%) were dominant species
of fungi, while Staphylococcus (42%), Micrococcus (28%),
Bacillus (21%) were the dominant species of bacteria.

Discussion

A review of past studies shows that a wide range of bio-
aerosol concentrations have been reported in the classrooms.
Some of the studies are consistent with our study [12, 13].
A number of studies have reported higher levels of bioaero-
sol density. For example, in studies conducted in two girls'
high schools of Eslamhshar county in Tehran [2], in 73 class-
rooms of 20 elementary schools located in Porto, Portugal
in winter [10], and in primary schools in Gondar, Ethiopia
[14], higher bioaerosol density were reported. Various fac-
tors such as: sampling season, environmental and climatic
conditions, internal sources of bioaerosol production and dif-
ferences in study design (sample size, sequence and dura-
tion of sampling) are the main reasons for the differences in

= Bactrial density M Fungal density

First floor classroom Second floor classroom
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Figure 1. Comparing the mean density of bacteria and fungi (cfu/m3) in different air sampling sites
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Table 1. Mean concentrations of PM10 and PM2.5 (ug/m3) and mean temperature and humidity of sampling sites

School Sampling site Temperature (C°1) Humidity (%) PM10 PM2.5
first floor classroom 20/0+1/8 2/3410/2 47+21 28+14

School No. 1 second floor classroom 21/0+6/7 35/1+6/2 36411 19+8
outdoor 18/4+0/6 4/36+1/8 84+22 47+10

first floor classroom 22/2+0/9 39/3+4/2 68+ 26 38+18

School No. 2 second floor classroom 21/6+0/5 40/2+9/9 75+31 44429
outdoor 19/20+0/4 32/0+8/8 77+35 50431
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Table 2. Spearman rank correlation matrix for different study parameters

Density of Bacteria  Density of Fungi PM10 PM2.5 Temperature Humidity
Density of bacteria 1
Density of fungi -0/008 1
PM10 *0/282 *0/462 1
PM2.5 *0/324 *0/301 *0/92 1
Temperature 0/123 0/213 0/003 -0/048 1
Humidity *0/298 *0/363 0/002 -0/063 -0/016 1
*Significant at P<0.05. O e htersity of Wiedical scences

the results between our study and other studies. In this study,
the 1.0 ratios varied from 1.4 to 5.6 for bacterial aerosols
and from 0.4 to 1.2 for fungal aerosols. The highest ratio for
bacteria was found in School n. 2(2.4), indicating that the
origin of airborne bacteria in the classroom was internal. The
dominant bacterial and fungal species identified in this study
are consistent with results obtained from indoor air isolates

of school in other studies [4, 22, 23]. Staphylococcus as a
natural flora of the skin and nose can cause a wide range of
diseases and infections, especially in children. Corynebac-
terium is also known to be a contributing factor to nosoco-
mial infections, especially in children [24]. The dominant
fungal species reported in this study are the most important
allergens that have detrimental effects on human health, es-
pecially children and students in the classroom [19].
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