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Abstract
Potential health risk due to the exposure of bacteria and fungi is mainly related to the concentration of respirable
airborne bacteria and fungi in indoor environments. Schools buildings represent an important category of
indoor environments. This study aimed to evaluate the concentration and size distribution of bacteria and fungi
in classrooms of a public primary school in Beni Suef, Egypt. In addition, the indoor exposure dose (IED) of
bacteria and fungi were estimated for children and teachers. A six-stage Andersen impactor was used for
collecting the bacterial and fungal particles. Indoor average concentration of bacteria was 1120 ±458 CFU/m3
while the corresponding fungal concentration was 291±89 CFU/m3. Bacterial level is almost twice the World
Health Organization guideline value of 500 CFU/m3 while the fungal level is underestimated. Respirable fraction
(<5 µm), that can reach to the lower airways of the lung, of bacteria was 79% while the corresponding respirable
fraction of fungi was 90% of the total concentration. The size distribution of bacteria was bimodal in nature and
the fungal size distribution was unimodal with lower dispersion than bacteria. IED of bacteria was 211 CFU/kg
and 70 CFU/kg for children and teachers, respectively. While the fungal IED was 55 CFU/kg and 18.2 CFU/kg for
children and teachers, respectively.
Keywords: Indoor Exposure Dose; Respirable Fraction; Bacteria; Fungi; Size Distribution; Indoor Environment.
Introduction
Recently, several studies have investigated the concentration of biological particles, such as bacteria and fungi,
in various indoor environments [1-5]. Biological particles contribute about 5-34% of the indoor air pollution [68]
Indoor level of biological particles depends on many physical and biological factors [9]. Indoor air has more
pollution than the outdoor air [10,11]. In many indoor environments, fungi, bacteria and their fragments lie in
the respirable size range (<5 µm) that can penetrate deep in the human respiratory tract [12,13].The risk of
diseased related indoor air depends on the concentration and size distribution of biological particles in the
indoor air [14,15]. Most people spend about 90% of their time in indoor environments therefore the quality of
indoor air could significantly affect our general health [14]. Several adults and children spend about 30% of their
time in school buildings and they need a high air quality environments [6,16]. School buildings represent an
important category of indoor environments [17,18].
Several studies have investigated the Sick Building Syndrome (SBS) disease. SBS is characterized by several and
non-specific syndromes observed in people in closed environments [19,20]. World Health Organization (WHO)
has defined SBS as an increase in frequency in the occupants of non-industrial buildings of not specific acute
symptoms, such as nausea, fatigue, headache, irritation of eyes, nose and throat, that improve when leaving the
building [21]. Children are more affected by the pollution than adults due to their higher activities and their less
mature immune system [22,23]. Earlier studies in schools and children environments have revealed a negative
effect of health on children [24,25]. The health effects of biological particles are not only depend on their
concentrations but also to their size distribution. The size of biological particles determine the site of deposition
in the human lung [26]. Indoor exposure dose of inhaled microorganisms for children and adults depends on
the microorganisms concentration and the individual's body mass [27]. Therefore, the objectives of this study
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were to investigate the concentration and size distribution of bacteria and fungi in a classrooms of a public
primary school in Beni Suef (Egypt) and to estimate the inhaled dose of indoor bacteria and fungi for both
children and teachers.
Materials and Methods
The study was performed during summer season in classrooms of a public primary school in Ehnasia city, 20 Km
to the west of Beni Suef Governorate, 28.9° N and 30.6° E, as this school provides summer courses during the
sampling time of summer season. Map of Beni Suef is illustrated in Figure 1. The average age of the children
was 7 years old. The classroom has an area of 20 m2 .
During sampling, the temperature ranged from 32 to 36 °C with an average value of 34 °C. The average relative
humidity recorded was 43%. Sampling was performed during the teaching hours under normal ventilation where
all windows and doors are kept open and there were a mechanical ventilations as well.

Figure 1. Beni Suef map
A six- stage Andersen impactor was used for collecting the bacteria and fungi. The impactor operates at a
constant flow rate of 28.3 L/min. The collected particles are classified according to the aerodynamic cut-size
diameters of the impactor (>7.0 μm, 4.7- 7.0 μm, 3.3- 4.7 μm, 2.1- 3.3 μm, 1.1- 2.1 and 0.65- 1.1 μm). The
impactor was located in the center of the classroom at height of about one meter from the ground to stimulate
the breathing zone.
Nutrient Agar (NA) was used as a collecting media for bacterial particles. For collecting fungal particles, Malt
extract agar (2% MEA), which is a broad spectrum medium for fungi, was used. A volume not less than 27 ml of
culture medium was placed in a removable glass Perti dish where plastic ones should not be used because the
static charge generated reduces the collection efficiency. The Petri dish was inserted in the impactor. The
sampling time ranged from 10 to 20 min for each run to avoid overestimation of the particle colonies. The
samples were incubated at room temperature for 2 to 7 days. Colonies on each plate were counted. The
concentration of biological particles was estimated as colony forming unit per cubic meter of air (CFU/m 3 ) by
the following equation:

C=

N
...........CFU
V .t
m3
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Where
C is the microorganism concentration
N is the number of colonies on each impactor stage
V is the flow rate of the impactor in m3/h
t is the sampling time in h.
Results and Discussion
Total and respirable concentrations of bacteria and fungi
Total and respirable concentrations of bacteria and fungi in the classrooms are listed in Table 1. Average bacterial
concentration was 1120±458 CFU/m3 while the corresponding average fungal concentration was 291±89
CFU/m3. The higher level of bacteria than fungal level may be attributed to the dependence of the bacterial
growth on the occupants activity [28]. While the fungal concentration is affected by the outdoor sources more
than the indoor [29,30]. The mean concentration of bacteria was nearly twice the World Health Organization
guide line (WHO) value of 500 CFU/m3 [31] while the mean concentration of fungi is lower than this limit.
Table 1. Mean bacterial and fungal concentrations (CFU/m3), respirable fractions (%) and size distribution
parameters (median aerodynamic diameters, Dp (µm) and geometric standard deviation, GSD)
Microorganism

Concentration±SD

Respirable fraction

Dp (µm)

GSD

(CFU/m3)

(%)

Bacteria

1120±458

79

2.6

2.2

Fungi

291±89

90

2.9

1.6

The potential health risk due to the exposure of bacterial and fungal particles is mainly related to the
concentration of respirable airborne bacteria and fungi [28]. The respirable fraction of bacteria and fungi is
defined as the sum of the concentrations collected on the stage 3 (3.3-4.7 µm), stage 4 (2.1-3.3 µm), stage 5
(1.1-2.1 µm) and stage 6 (0.65-1.1 µm) of viable Andersen impactor with respect to the total concentration of
bacteria and fungi on all the six-stages of the impactor [32].
Concentration fractions % of bacteria and fungi are summarized in Table 1 and are illustrated in Figure 2 and
Figure 3, respectively. Repirable fraction of bacterial particles was 79% while the corresponding respirable
fraction of fungi was 90% in the classrooms. In comparison with other studies, The respirable fractions of
airborne bacteria and fungi in a nursery school were found in the range 63-80% [28]. In public building, the
respiratory fractions were 50% and 70% for bacteria and fungi, respectively [33]. In American homes, the
respiratory fractions were 55% and 80% for bacteria and fungi, respectively [34]. While in Taiwnese homes, the
respirable fraction were 70-85% for fungi [35].
I can conclude for an important result: although the total concentration of bacteria in indoor is higher than the
total concentration of fungi, the present results indicate that the respirable fraction of fungi was higher than
the respirable fraction of bacteria. Therefore, it is not only important to assess the total concentration of airborne
microorganisms but also it is important to assess their respirable fractions due to the positive relation between
the concentration of the respirable fraction of microorganism and the health effects [32].
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Figure 2. Concentration % of bacteria with particle size in classroom
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Figure 3. Concentration % of fungi with particle size in classroom
Size distribution of bacteria and fungi
Size distributions of bacteria and fungi are illustrated in Figure 4 and Figure 5, respectively. The size distribution
parameters, median aerodynamic diameter, MAD (Dp) and geometric standard deviation GSD are summarized
in Table 1. MAD is defined as the diameter at 50% cumulative fractions and GSD of the size distribution is defined
as the diameter at 84% cumulative number divided by the diameter obtained at 50% [36].
Figure 4 shows the bimodal distribution of bacteria corresponding to the accumulation mode (particles with
diameter < 2.5 µm) and coarse mode (particles with diameter > 2.5 µm). The MAD of bacterial distribution was
2.6 µm with a GSD of 2.2. A high concentration was observed at size range (1.1-2.1 µm) with 23.84% from the
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total concentration (Figure 2) and 20% at the size range (4.7- 7.0 µm). Figure 5 shows the unimodal distribution
of fungi corresponding to the accumulation mode. MAD of fungal distribution was 2.9 µm with a GSD of 1.6.
Fungal distribution has a high concentration at size range (2.1-3.3 µm) with 44.37% from the total concentration
(Figure 3). Similar distribution of bacteria and fungi were investigated by others [28, 37].
It is observed that the dispersion of bacterial particles (GSD= 2.2) is higher than the dispersion of fungal particles
(GSD=1.6). Similar dispersion of bacteria and fungi was found by Meklin et al., [37].
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Figure 4. Size distribution of bacteria in classroom
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Figure 5. Size distribution of fungi in classroom
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Indoor Exposure Dose (IED) of bacteria and fungi
The assessment of infection risk depends not only on the number of inhaled microbes but also on the individual's
body mass [22]. According to this assumption, the doses of bacteria and fungi per mean body weight were
calculated [21]. The IED has been calculated on the basis of the US Environmental Protection Agency factors
[40,41].
Depending on the measured microorganism concentrations, physical activity of the individuals and the
exposure time, the IED was estimated based on the following equation:
IED =

C. IR. IEF
BW

Where, IED is the indoor exposure dose (CFU/Kg);
C is the concentration of bacteria and fungi (CFU/m3 );
IR is the inhalation rate coefficient, characteristic for the physical activity (m3 /h);
IEF is the indoor exposure fraction that represents the time spent over a day in the indoor environment (h) and
BW is the mean body weight (Kg).
Assuming light physical activity, IR is 0.66 m3 /h for children and 0.78 m3 /h for teachers, the average of IEF if
8 h. Average body weight (BW) is 28 kg for children and 100 kg for teachers as recorded in the school (Table 2).
The mean indoor exposure dose (IED) of bacteria and fungi for children and adults are summarizes in Table 2.
The indoor exposure dose of bacteria (IED) was 211 CFU/kg for children and 70 CFU/kg for teachers.
Table 2. Indoor Exposure Fraction, IEF (h), Inhalation Rate, IR ( m3 /h) at light physical activity, Body Weight,
BW (kg) of children and teachers and Indoor Exposure Dose, IED (CFU/kg) of bacteria and fungi for children
and teachers

Occupant

IR (m3/h)

IEF (h)

BW( kg)

IED (CFU/kg)
Bacteria

Fungi

Children

0.66

8

28

211

55

Teachers

0.78

8

100

70

18.2

While the corresponding IED of fungi 55 CFU/kg and 18.2 CFU/kg for children and teachers, respectively.
The higher activity of children, which means a higher inhalation, and less mature immune systems than the
adults [22,23] may explain the higher dose inhaled by children.
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It is found that the bacterial IED was higher than the fungal IED which may be attributed to the higher
concentration of bacteria than of fungi in the classroom. These results agree with Bragoszewska et al. [38] results
where the bacterial IED was higher also than the fungal IED.
In comparison with others results [38,39], it was found that the present calculated IED is lower than the IED
obtained by others; where 302.3 CFU/kg mean IED of bacteria was calculated by Bragoszewska et al. [39] and
175.4 CFU/kg by Bragoszewska [42]. The reason of this discrepancy is due to the higher Egyptian body weight,
in this study, compared to others.
Conclusions
Schools are an important category of indoor environments and children have sensitive immune systems let them
more vulnerable to microbes contamination than adults. A higher bacterial level was investigated in the school
than the recommended limit. The indoor exposure dose (IED) of bacteria is higher than fungi. Children have
higher dose than adults. Therefore, it is recommended more environmental studies and more public health
programs in school buildings for achieving a health and high air quality indoor environment.
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