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Abstract  Concentration and size distribution of bacteria and fungi were evaluated in the kitchen and restaurant as an 
indoor environment in Minia university staff members club (El-Minia/Egypt) in summer time during the morning and 
afternoon periods. Measurements are also performed in outdoor. Six –stage Andersen impactor was used for sampling the 
biological particles. Temperature and relative humidity were recorded during the sampling. In all conditions, the indoor 
bacterial concentration was higher than the fungal concentration. The highest mean concentration of bacteria (650 cfu/m3) 
was found in the restaurant while the highest mean concentration of fungi (322 cfu/m3) was found in the kitchen. The outdoor 
mean concentration of bacteria was 170 cfu/m3 while the mean concentration of outdoor fungi was 214 cfu/m3. Most of 
bacterial and fungal concentrations are high in the size range of respirable particles (< 0.5 µm) that can penetrate deep in the 
human lung. Bacterial particles have higher dispersion than fungal particles. It was found that the environmental factors, 
temperature and relative humidity impact on the particle concentrations. 
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1. Introduction 
Indoor air is the most important environment affect the 

human health as it is the dominant source of microbes [1]. 
Indoor air contains a complex mixture of microbes, 
fragments, byproduct, bacteria, fungi, endotoxin and volatile 
microbial organic compounds [2]. 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 [3, 4]. 

The quality of outdoor air, ventilation and air conditioning 
system and the emission source of microorganisms affect the 
indoor air quality (IAQ) [5]. Indoor air quality within the 
restaurant environment is affected by the number of 
occupants or visitors [1]. Poor indoor air quality is associated 
with several health hazard [3]. This includes skin and eye 
irritations, dry cough, allergy, asthma, sick building 
syndrome and chronic respiratory infections [1]. 

It can be hypothesized that the occupational diseases were 
at least partly caused by moist conditions and subsequent 
microbiological exposure in the kitchen [6]. Microbial 
exposure arise both directly, from handling, preparing and 
eating food and indirectly from contact with surfaces [7-9]. 
The exchange of microbes between humans and kitchen and 
restaurant environments can impact human health. 
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Recently, many studies have evaluated the concentration 

of biological particles such as fungi and bacteria in various 
indoor environments [10-13]. Biological aerosol particles 
levels in indoor air depend on many physical and biological 
factors [14]. Because people spend most of their time (about 
90%) in different indoor environments [15], the assessment 
of microbiological quality of indoor air environment all over 
the world is important for public health. Size distribution 
characterization of bioaerosols such as bacteria and fungi is 
valuable and represents an important key for the assessment 
of air quality and human health. 

In addition, size distribution parameters are vital and 
essential in the calculation of particles lung deposition using 
lung models. Because of these reasons, this study aimed to 
investigate the concentration and size distribution of 
bacterial and fungal biological particles in the kitchen and 
the restaurant as an indoor environments and outdoor air as 
well. 

2. Materials and Methods 
2.1. Study Sites 

Measurements of bacteria and fungi concentrations were 
performed in the kitchen and the restaurant of Minia 
university staff members club (Minia/Egypt) as an indoor 
environment. The study includes also measurements of 
bacteria and fungi in outdoor environment of the club.  

Description of the study sites is presented in table 1. 
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Table 1.  Description of the Study Sites 

Site Mean area 
(m2) Occupants Heating and ventilation 

systems 

Kitchen 48 
5 adult 
Persons 

Normal ventilation 
3 working cookers and 

one Grill 

Restaurant 144 Few people 
Air conditioning 

System 

Outdoor 4200 Few people Open air 

2.2. Air Sampling 

Airborne bacteria and fungi were collected using the 
sex-stage Andersen impactor (ACI) with a flow rate of 28.3 
L/min. This impactor fractionates the collected biological 
particles according to their aerodynamic diameters from 0.65 
to above 7.0 µm. The collection efficiency of Andersen 
impactor was previously validated [16, 17]. The stages of the 
impactor simulates the human respiratory tract.  

Measurements were carried out during summer season. 
Measurements were performed at two different periods of 
time: in the morning from 9:30 am to 11:30 am and afternoon 
from 2: 00 Pm to 3:45 Pm in the kitchen, the restaurant and 
outdoor. During sampling, the impactor was located at a 
height of 1.5 m above the ground level to simulate the 
breathing zone.  

Two different media were used for sample collection, 
sabourauds dextrose agar (SDA) supplemented with 
chloramphenicol for collecting fungi and nutrient agar (NA) 
for collecting bacteria. A volume not less than 27 ml of 
culture medium was placed in each plate then they were 
inserted into the impactor stages. The sampling time of each 
run was 15 min to avoid overestimated number of particles. 
During the measurement, the environmental parameters; 
temperature and relative humidity are recorded and are 
summarized in table 2. 

After sampling, the plates were incubated at 37°C for 2-3 
days depending on the growth of colonies [18]. Colonies 
growing on the plates were counted and concentration of 
bacterial and fungal particles were calculated as colony 
forming unit per cubic meter of air (cfu/m3) by: 

 

tV
NC
.

=     cfu/m3 

Where:  
C is the particles concentration, 
N is the number of colonies on each stage of the impactor 
V is the impactor flow rate (m3/h), 
t is the sampling time (hour) 

Table 2.  Environmental Parameters: Mean Temperature, T (°C) and Mean 
Relative Humidity, RH (%) (K: Kitchen, R: Restaurant, O: Outdoor)  

Parameters 
In the morning In the afternoon 

K R O K R O 

T (°C) 29.7 27.5 31.4 34 30.2 36.3 

RH (%) 57.5 33 50 39 30.2 33.5 

3. Results and Discussion 

3.1. Concentration of Bacteria and Fungi 

The mean concentrations of bacteria and fungi measured 
in the kitchen, restaurant and outdoor of the Minia university 
staff members club during the morning and afternoon 
periods are summarized in table 3.  

Table 3.  Mean Concentration of Bacteria and Fungi 

Site 

In the morning In the afternoon 

Mean concentration 
(CFU/m3) 

Mean concentration 
(CFU/m3) 

Bacteria Fungi Bacteria Fungi 

Kitchen 438 ± 63 341 ± 82 393 ± 94 303 ± 146 

Restaurant 541 ± 82 120 ± 23 760 ± 124 91 ± 21 

Mean 489 ± 73 230 ± 53 577 ± 109 197 ± 84 

Outdoor 207 ± 79 115 ± 24 134 ± 34 157 ± 41 

The mean concentrations of bacterial particles were 438 ± 
63 cfu/m3 and 541 ± 82 cfu/m3 in the kitchen and restaurant, 
respectively in the morning period. Human skin and food are 
the main sources of bacterial particles in all kitchen surfaces 
[19]. The bacterial level increased in the restaurant to reach 
760 ± 124 cfu/m3 during the afternoon period due to the 
increased number of occupants and the higher human 
activities indicating that the main source of indoor microbes 
is the number of individuals [5, 20]. It is noticed that the 
bacterial concentration increased at low temperature 
environment. Similar results were found by other studies  
[14, 21]. 

The mean concentrations of fungi were 341 ± 82 cfu/m3 
and 120 ± 23 cfu/m3 in the kitchen and restaurant, 
respectively in the morning period. These concentrations are 
relatively decreased to 303 ± 146 cfu/m3 and 91 ± 21 cfu/m3 
in the kitchen and restaurant, respectively in the afternoon 
period. These results suggesting that the human is not a 
source for fungal particles. The concentration of fungi 
increases with the relative humidity where the microbial 
growth is stimulated with high relative humidity [14, 21]. 
The fungal concentration increased also with the emission 
rate [22]. Ventilation system, surface texture of walls and the 
presence of organic materials in indoor environment leads to 
the production of high fungal particles concentration [3, 23]. 

In all cases, the indoor fungal concentration is lower than 
the indoor bacterial concentration. The present results agree 
with other studies [3, 24-27]. 

The outdoor concentration of bacteria was 207± 79 cfu/m3 
in the morning and turns to be decreased to 134 ± 34 cfu/m3 
in the afternoon period. While the outdoor concentration of 
fungi was 115 ± 24 cfu/m3 in the morning and turns to be 
relatively increased to 157 ± 41 cfu/m3 in the afternoon 
period. 

The mean concentration of bacterial and fungal particles 
in indoor and outdoor environments are in the range of 
World Health Organization guide line value of 500 cfu/m3 
[28]. 
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3.2. Indoor / Outdoor Ratio of Microorganisms (I/O 
Ratio) 

For comparing the strength of indoor and outdoor sources 
of microorganisms, the indoor/outdoor ratio (I/O ratio) for 
bacterial and fungal concentrations are calculated. If I/O 
ratio is greater than unity, it suggests that the 
microorganisms are derived from indoor sources and if the 
ratio is lower than unity, it indicates that the major sources 
for emitting microorganisms are from outdoor.  

To calculate the I/O ratio, the mean concentrations of 
bacteria and fungi in indoor (kitchen and restaurant) and a 
reference site in outdoor were calculated as summarized in 
table 4. The I/O ratio of bacteria and fungi in the kitchen and 
restaurant are listed in table 5.  

Table 4.  Mean Concentration (cfu/m3) of Indoor and Outdoor 
Bacteria and Fungi 

Microorganism Kitchen Restaurant Outdoor 

Bacteria 415 650 170 

Fungi 322 105 214 

Table 5.  Mean I/O Ratio of Bacteria and Fungi 

Microorganism 
I/O Ratio 

Kitchen Restaurant 

Bacteria 2.4 3.8 

Fungi 1.5 0.5 

The I/O ratio of bacteria is greater than unity at both sites 
which indicates that the main source for bacteria is the 
human in indoor environment. While the I/O for fungi are 1.5 
and 0.5 in the kitchen and restaurant, respectively suggesting 
that the indoor fungi mostly emitted from external sources. 
These results are in agreement with other studies [5, 25-27, 
29, 30]. 

3.3. Size Distribution of Bacteria and Fungi 

The parameters of the size distribution, Median 
Aerodynamic Diameter (MAD) and Geometric Standard 
Deviation (GSD) are given by the following equations [31].  
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Where MAD is the median aerodynamic diameter, ni is the 
fraction in stage i, di is the cutoff diameter of the stage i and 
GSD is the geometric standard deviation (σg). MAD is 
defined as the diameter at 50% cumulative fractions. GSD of 
the size distribution is defined as the diameter at 84% 
cumulative number divided by the diameter obtained at 50%. 

Size distribution of bacteria sampled in the kitchen, 
restaurant and outdoor in the morning and afternoon are 
shown in figures 1 and 2, respectively. The size distribution 

parameters of bacteria; median aerodynamic diameter (MAD) 
and geometric standard deviation (σg) are summarized in 
table 6. 

The concentration of bacterial particles is high in the size 
range (2.1-4.7 µm) with the highest value at the size 2.1 µm 
(stage 4) in the kitchen at both periods.  
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Figure 1.  Indoor and outdoor size distribution of bacteria sampled in the 

            Morning 
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In the afternoon, the concentration of bacteria turns to increase at the size 7.0 
µm. 

In restaurant, the bacterial concentration is high at the size 
1.1 µm and the size range (3.3-7.0 µm) at both period with 
the highest value  at size 1.1 µm (stage 5) in the morning 
and shifts to a large size 4.7 µm (stage 2) in the afternoon. 

In general, the indoor bacterial concentration (in kitchen 
and restaurant) measured in the afternoon is higher than 
measured in the morning. This may be attributed to the 
higher human activity during the afternoon.  
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Figure 2.  Indoor and outdoor size distribution of bacteria sampled in the  

            afternoon    

Humans are the common source of bacteria in indoor 
environment [5, 20]. 

Outdoor concentration of bacteria is high at the size range 
(0.65-1.1 µm) and size range (3.3-4.7 µm) with the highest 
value at size 4.7 µm (stage 2) in the morning period. While 
the highest concentration of bacteria was found in the size 
1.1 µm (stage 5) in the afternoon period. 

Table 6.  Size Distribution Parameters of Bacterial Particles: 
      Median Aerodynamic Diameter (MAD) and Geometric 
      Standard Deviation (σg) 

Site 
In the morning In the afternoon 

MAD 
(µm) 

σg 
MAD 
(µm) 

σg 

Kitchen 2.8 1.9 2.9 2.0 

Restaurant 2.6 2.2 3.1 2.1 

Outdoor 2.2 2.1 1.8 2.3 

The maximum median aerodynamic diameter, MAD (2.8 
µm) was found in the kitchen with a minimum geometric 
standard deviation, σg (1.9) during the morning period while 
the maximum MAD (3.1 µm) was found in the restaurant 
with a σg of 2.1. The minimum MAD (2.2 and 1.8 µm) were 
found in outdoor during the morning and afternoon times, 
respectively. The aerodynamic diameters of bacterial 
particles increased with occupancy [32, 33]. 

Size distribution of fungi sampled in the kitchen, 
restaurant and outdoor in the morning and afternoon are 
shown in figures 3 and 4. The size distribution parameters; 
median aerodynamic diameter (MAD) and geometric 
standard deviation (σg), are summarized in table 7. 

The concentration of fungal particles sampled in the 
kitchen is high at the size range (2.1-3.3 µm) in the morning 
with the highest concentration at size 2.1 µm (stage 4) in 
both periods. In restaurant, fungal particles have the same 
size distribution in the morning and afternoon. The highest 
particle concentration was found at the size 2.1 µm (stage 4) 
in both periods. 

There is also no significant difference between the size 
distribution of fungi in outdoor measured during the morning 
and afternoon periods. The highest concentration of fungi 
was found at the size 2.1 µm (stage 4). These results agree 
with my previous study [34] and other study [35]. 

The size distribution parameters of fungal particles are 
similar in the morning and afternoon times where the 
maximum MAD (2.7 µm) was found in outdoor at the two 
periods with nearly the same geometric standard deviation. 
The difference in aerodynamic particle diameters between 
different sites may be due to the differences in the number of 
occupants, human activities and ventilation [35, 36]. Other 
physical factors such as wind speed and forces, including 
drag force, gravity and Brownian diffusion [37], affect the 
dispersion and movement of biological particles. Most 
biological particles with large size are deposited after 12 
hours post emission to the atmosphere under the effect of the 
gravitational forces [38]. 
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Figure 3.  Indoor and outdoor size distribution of fungi sampled in the  

          morning 
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     Figure 4.  Indoor and outdoor size distribution of fungi sampled in the       

                 afternoon 
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       Table 7.  Size Distribution Parameters of Fungal Particles: 
Median Aerodynamic Diameter (MAD) and Geometric 
Standard Deviation (σg) 

Site 
In the morning In the afternoon 

MAD 
(µm) 

σg 
MAD 
(µm) 

σg 

Kitchen 2.6 1.6 2.5 1.7 

Restaurant 2.6 1.5 2.7 1.5 

Outdoor 2.7 1.7 2.7 1.6 

 
It is worth mentioning that the present results reveal of 

most microbes concentration (bacteria and fungi) are in the 
size of respirable range (< 5.0 µm). During inhalation, these 
fine particles inter the lung and can reach to the deep parts 
and alveoli causing lung diseases [4, 39]. 

4. Conclusions 
Concentration and size distribution of bacteria and fungi 

were evaluated in indoor and outdoor environments. The 
mean indoor bacterial concentration was higher than the 
mean indoor fungal concentration at all measured conditions. 
In outdoor, the concentration of fungi was higher than 
bacterial concentration. Concentrations were high for fine 
particles. Temperature and relative humidity contribute other 
factors, such as occupancy density and activity, the effect on 
the biological particle concentration. Occupancy impacts the 
indoor air quality. 
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