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Abstract: The microbiological quality of indoor air and outdoor air within Biological Sciences Laboratories (Microbiology
and Biotechnology) was investigated. The settle plate technique using open Petri dishes containing different culture media was
employed to collect sample twice daily for a period of 5 weeks at 7 days interval. Standard microbiological methods were
employed for the identification of bacterial and fungal isolates. The results obtained revealed that the concentration of bacteria in
the study area ranged from 2.05x10” to 1.53x10° CFU/m’, while that of fungi was 2.05x10” to 1.79x10°> CFU/m’. A total of 8
bacterial and 10 fungal species were isolated and identified with varying frequencies of occurrence. This include Bacillus spp,
Staphylococcus aureus, Escherichia coli, Salmonella spp, Micrococcus spp, Citrobacter spp, Proteus spp and Corynebacterium
spp, while the fungal genera isolated include Aspergillus niger, Aspergillus flavus, Rhodotorula harrison, Aspergillus terreus,
Candida albicans, Mucor micheli, Cladosporium spp, Saccharomyces cerevisiae and Lecythophora hoffmannii. The bacterial
isolates Bacillus spp (27%) and Micrococcus spp (22.93%) were shown to be the most predominant airborne bacteria while
Aspergillus niger (21.72%) and Aspergillus flavus (18.69%) were the most frequently isolated fungal species. The statistical
analysis showed a significant difference between the microbial load of the indoor and outdoor air of Biological Sciences
Laboratories at P<0.05. Data generated underline the usefulness of monitoring the air quality of the Laboratory environment.
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activities are also an important determining factor for the
diversity of microbes in an area [1].

The air inhaled by people is abundantly loaded with
microorganisms in form of bioaerosols [2]. Karwowska [3]
defined bioaerosols as a colloidal suspension, formed by
liquid droplets and particles of solid matter in the air, whose
components contain or have attached to them viruses, fungal
spores and conidia, bacterial endospores, plant pollen and
fragments of plant tissues. Basically, bioaerosols are airborne
particles that are living or originate from living organisms.
Bioaerosols are ubiquitous, highly variable, complex, natural
or man-made in origin. Aerosol particles of biological origin
(cells, cell fractions or organic matter of animal, plant and

1. Introduction

Microorganisms are found everyway in our environment
and impact the whole ecosphere in one way or the other. They
influence man in different ways. The diversity of microbial
activities varies from causing diseases in human, other
animals and plants. Microorganisms are sensitive indicators of
environmental quality. Air serves as a very good dispersal
medium for microbiota. The type of species and amount of
organisms present in the air depends on physicochemical
factors like the temperature, viscosity, lighting, suspension of
organic and inorganic material and food availability. Human
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microbial origin) form a significant portion of atmospheric
aerosols, sometimes reaching close to 50% numerically of all
aerosol particles [4]. Pillai and Ricke [5] opines that
composition and size of bioaerosol varies from 20 nm to >100
pm depending on the source, aerosolization mechanisms, and
environmental conditions prevailing at the site. The inhalable
fraction (PM 2.5) is of primary concern because it is the most
susceptible portion of the bioaerosols to reach the deeper parts
of the respiratory system.

Indoor air quality is one of the most important factors that
influence our general life quality. An average human breathe
10 m’air every day, and spend 80-95% of his or her live
indoors [6]. Indoor air pollution can result in health problems
and even an increase in human mortality [7]. Indoor
environments contain a complex mixture of live and dead
microorganisms, fragments, toxins, allergens, volatile
microbial organic compounds and other chemicals.

Biologically derived materials are natural components of
indoor and outdoor environments. But under -certain
circumstances, biological agents may be considered
contaminants of outdoor environment. Among the various
sources of outdoor air pollution, microorganisms are
considered to be the most complex and the least investigated.
A wide variety of microorganisms constitutes the air spora of
any region and these are dispersed from the source by various
agents. The transport and ultimate settling of bioaerosols are
affected by its physical properties and the environmental
parameters that it encounters while it is airborne. The size,
density and shape of the droplets or particles comprise the
most important physical characteristics, while the magnitude
of air currents, relative humidity and temperature are the
significant environmental parameters [8]. The incidence
patterns of airborne particulate matters differ from place to
place and season to season.

There is a growing evidence that exposure to biological
agents in the indoor environment can have adverse health
effects. A review made by World Health Organisation (WHO)
on the number of epidemiological studies showed that, there is
sufficient evidence for an association between indoor
dampness-related factors and a wide range of effects on
respiratory health, including asthma development, asthma
exacerbation, current asthma, respiratory infections, upper
respiratory tract symptoms, cough, sneeze and dyspnoea [9,
10].

Microbiological air quality is an important criterion that
must be taken into account when laboratories are designed to
provide a safe environment. The load of microorganisms in
the air can be measured by using air sampler method or by
using simple settle plate method and by calculating the
colony forming units per cubic meter of air (CFU/m”).

Recent studies have shown that there is an increase in a
number of allergic reactions to microbial spores in which the
young people do constitute a large number of allergy sufferers
[9-11]. Therefore there is need to monitor air regularly in order
to determine its quality as it affects the health of humans in the
public as they go about their daily activities. In Nigeria,
attention is yet to be given to the monitoring of airborne

microorganism either indoor or outdoor. This study is focused
on this problem at the Biological Science Laboratory of Akwa
Ibom State University where students and laboratory scientists
spend a great deal of their time inside these laboratories and
their immediate surroundings with possible pollutants, which
may lead to adverse health effect on them.

2. Materials and Method
2.1. Study Area

Akwa Ibom State University (AKSU) was conceived and
funded by the Akwa Ibom State Government of Nigeria. [tis a
dual-campus institution. The Biological Science Laboratories
(comprising Microbiology, Genetics and Biotechnology,
Zoology, and Botany Laboratories), are at the main campus of
the institution in Mkpat Enin local government area of Akwa
Ibom State, Nigeria. With coordinates by time with latitude 4°
37'18"N, and longitude 7° 45'50"E.

The Laboratories serve dual purposes; carrying out
experiments as lecture rooms due to unavailability of lecture
halls in the institution. On the average, over 200 students and
staff use these facilities daily, making it one of the busiest
areas of the institution.

2.2. Sample Collection and Analysis

Air sample was collected for a period of 5 weeks at 7
days interval using the settle plate technique also known as
sedimentation method [12]. Settle plate is a direct method
of accessing the likely number of microorganisms
depositing onto the surface in a given time. The sampling
was carried out twice a day for five weeks; each day, before
the students and staff come into the laboratory (8.00), and
during the peak of the day when there is maximum
activities in the laboratory (14: 00). The Petri dishes
containing media were exposed at strategic locations in the
laboratory at a height of 1 to 1.5 m above the ground to
avoid contamination from floor microbes for both indoor
and outdoor for the duration of 20 minutes after which the
lids were replaced and incubated at 37°C for 24 hours for
bacterial media and at room temperature for five days for
the fungal medium.

2.3. Analytical Media

Nutrient Agar (NA) was used to determine total
heterotrophic bacteria counts (THBC), MacConkey Agar
(MCA) was used to determine coliform counts, Eosine
Methylene Blue Agar (EMBA) was used to determine faecal
coliform (E. coli) counts, Salmonella—Shigella agar (SSA)
was used to determine Salmonella and Shigella species while
Saboroud Dextrose Agar (SDA) was used to determine fungal
counts.

The media were prepared according to the manufacturer’s
instructions and sterilized by autoclaving at 121°C for 15
minutes.
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2.4. Enumeration of Microbial Growth and Identification of
Microbial Communities

The growth on each culture plate was enumerated by
counting the number of colonies on each group of plate and
finding the mean of related media.

Once colony forming units (CFU) were enumerated, CFU/
m’ were determined, taking into account the following
equation described by Omeliansky [13].

N =5ax 10* (bt)™!

Where N = microbial CFU/m’ of indoor or outdoor air,

a = number of colonies per Petri dish,

b = dish surface area (cm?), and

t = exposure time (min).

The bacterial colonies obtained from the samples were

characterized using standard procedure as described by
Bergey’s Manual of Determinative Bacteriology [14]. The
colonies were subjected to Gram’s stain and various
biochemical tests such as motility test, catalase test, urease test,
coagulase test, citrate test, hydrogen sulphide test, sugars
utilization test and MR-VP test. Fungal isolates were
identified according to the method of Barnett et al., [15].

2.5. Meteorological Data Acquisition

The meteorological parameters measured for this study
included temperature, relative humidity, wind speed, pressure.
The measurement of the meteorological parameters was
carried out using portable pieces of equipment. The equipment
used is as stated in Table 1.

Table 1. Meteorological Equipment.

Parameter Equipment
Temperature, Relative humidity, atmospheric pressure Multi-purpose Hygro, Baro and Thermometer. Model: Baro, Germany
Wind speed Anemometer. Model: Deuta Anemo Windspeed indicator

2.6. Data Analysis

The data collected were subjected to correlation matrix
analysis to establish relationships between the microbial
groups. A two factor Anova test without replication was
employed for the comparison of the bioaerosol data sets of the
outdoor and indoor air. The mean and variance were used to
characterize the normally distributed data. The criterion for
significance in the procedure was P<0.05.

3. Results

3.1. Microbial Loads of the Indoor and Outdoor Air in
Biological Science Laboratories

The microbial loads of Microbiology and Biotechnology

Laboratories are presented in Tables 2 — 5. The results
revealed that the total microbial load of the indoor air and
outdoor air of the two Laboratories varied with time. Table 2
showed that the highest THBC was recorded on week 5 at
noon in the indoor air of Microbiology Laboratory. The
highest Salmonella-Shigella loads were recorded in the
indoor environment particularly on week 3. The study also
revealed that the highest fungal loads were recorded in the
indoor environment (Table 2 and 4). Table 3 showed that at
week 4, the total fungal counts of the outdoor air in
Microbiology laboratory was higher than the total
heterotrophic bacteria count at noon. Similar observations
were also made in the indoor air of Biotechnology laboratory
at the same week 4.

Table 2. Microbiological Load of Indoor Air of Microbiology Laboratory.

Sampling period THBC TCC FCC S-S TFC
WKL Xt s 0 ; i
wer o Nomn ' a s
we Mo ! ? : ;
weo o : s f:
wes Mo 4 : 3 : y

Key: WK = week, THBC = total heterotrophic bacteria count, TCC = total coliform count, FCE = faecal coliform count, S-S = Salmonella-Shigella count, TFC

= total fungal count.

Table 3. Microbiological Load of Outdoor Air of Microbiology Laboratory.

Sampling period THBC TCC FCC S-S TFC
W : 3 : :
wee Mo B : : s :
weo Jows 1 z ? 2 ;
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Sampling period THBC TCC FCC S-S TFC
Morning 22 17 0 3 23
WK 4 Noon 21 10 0 2 42
Morning 32 2 1 2 11
WKS Noon 34 10 0 3 7

Key: WK = week, THBC = total heterotrophic bacteria count, TCC = total coliform count, FCE = faecal coliform count, S-S = Salmonella-Shigella count, TFC

= total fungal count.

Table 4. Microbiological Load of Indoor Air of Biotechnology Laboratory.

Sampling period THBC TCC FCC S-S TFC
e e B : 3 ? :
wep o Mo ¥ a : :
weo o1 ' 3 3 ;
weo o3 ! 3 3 :
wes Jomw & : 2 : 5

Key: WK = week, THBC = total heterotrophic bacteria count, TCC = total coliform count, FCE = faecal coliform count, S-S = Salmonella-Shigella count, TFC

= total fungal count.

Table 5. Microbiological Load of Outdoor Air of Biotechnology Laboratory.

Sampling period THBC TCC FCC S-S TFC
e e g 3 : 3
wea N ; ; 3 g
VK3 Nt i 0 | : i
weo Mo : | i it
wes o . 3 : ;

Key: WK = week, THBC = total heterotrophic bacteria count, TCC = total coliform count, FCE = faecal coliform count, S-S = Salmonella-Shigella count, TFC

= total fungal count.

3.2. Microbial Diversity of Microbiology and Biotechnology
Laboratory

Precisely 8, 6 and 4 bacteria mould and yeast isolates were
respectively characterized and identified. The results have
revealed a rich microbial diversity of 4 Gram negative and 4
Gram positive bacterial isolates. The identified bacterial isolates
include Bacillus spp, Micrococcus spp, Staphylococcus spp, E.
coli, Corynebacterium spp, Citrobacter spp, Salmonella spp and
Proteus spp. The identified mould species include Mucor micheli,
Aspergillus niger, Aspergillus flavus, Lecythophora hoffmannii,
Cladosporium spp, and Aspergillus terreus. Yeast species
identified include Cryptococcus spp, Candida albicans,
Rhodotorula harrison and Saccharomyces cerevisiae.

3.3. Occurrence and Distribution of Microorganisms
Isolated From Biotechnology and Microbiology
Laboratories

The occurrence and distribution of microbial isolates in

Biotechnology and Microbiology Laboratory are presented in
Tables 6 — 7. The results have revealed that Proteus spp was not
detected in air in the Biotechnology laboratory but was only
detected in Microbiology Laboratory (Table 6). Table 7 shows a
richer fungal diversity in Microbiology Laboratory than in
Biotechnology laboratory.

The frequency of occurrence rate is illustrated accordingly in
Figure land 2. The research findings have revealed that among
the bacterial isolates, Bacillus spp was the most predominant in
the study site with a frequency of 27% while the least
predominant isolate was E. coli with a frequency of 0.95%
(Figure 1).

Among the fungi isolated from the indoor and outdoor air of
Biotechnology and Microbiology laboratory, 4. niger (21.72%),
A. flavus (18.69%) and A. terreus (17.96%) were the most
predominant (Figure 2).
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Isolate Microbiology Laboratory Biotechnology Laboratory Frequency of Occurrence Percentage frequency (%)
S. aureus 111 136 247 16.76
Micrococcus spp 171 167 338 22.93
Citrobacter spp 87 71 158 10.72
Bacillus spp 206 192 398 27
E. coli 7 7 14 0.95
Salmonella spp 53 49 102 6.92
Corynebacterium spp 98 91 189 12.82
Proteus spp 28 0 28 1.9
Table 7. Occurrence of Fungal Isolates from Biotechnology and Microbiology Laboratories.
Isolate Microbiology Laboratory  Biotechnology Laboratory Frequency of Occurrence  Percentage frequency (%)
A niger 92 87 197 21.72
A terreus 68 80 148 17.96
Mucor micheli 28 31 59 7.16
C albicans 47 44 91 11.04
A flavus 83 71 154 18.69
Cryptococcus spp 19 9 28 34
Rhodotorula harrison 51 41 92 11.17
S cerevisiae 9 0 9 1.08
Lecythophora hoffmannii 27 0 27 3.28
Cladosporium spp 27 11 38 4.61
S aureus
_. 30 m Micrococcus spp
o
v u Citrobacter spp
f 20 A m Bacillus spp
2 m E. coli
%.; \ w Salmonella sp
= ‘ > d Corynebacterium spp
. L ' proteus spp
Bacterial isolates
Figure 1. Frequency of Occurrence of Bacteria Isolated from Microbiology and Biotechnology Laboratories.
m A. niger
25 mA. terreus
20 4 ® Mucor micheli
S 15 u C. Albicans
f mA. flavus
% 10 \ n ()j\]}’(){'(){'(‘”.‘ spp
=) 5 Rhodotorula harrison
E 0 ‘ > ¥ \ g S. cerevisiae

Fungal isolates

Lecythophora hoffmannii
Cladosporium spp

Figure 2. Frequency of Occurrence of the Fungi Isolated from Microbiology and Biotechnology Laboratories.

3.4. Meteorological Parameters of Indoor and Outdoor Air
of Biological Science Laboratories (Microbiology and

Biotechnology)

The results

revealed variations in
meteorological parameters of indoor and outdoor air of

the

temperature around the Laboratories varied between 22 —
25°C in the morning and 24 — 27°C during the afternoon.

There was a slight variation between the indoor and outdoor

different

relative humidity of the Laboratories. The atmospheric
pressure remained relatively constant while the wind speed
fluctuated between 0 — 1.4 mph (Table 4.8 — 4.11)

Biotechnology and Microbiology laboratories. The
Table 8. Meteorological Parameters of Indoor Air of Microbiology Laboratory.
Sampling period Temp (°C) RH (%) Pres (atm) WS (mph)
WK1 Noo = " 0995 o
w2 - - «
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Sampling period Temp (°C) RH (%) Pres (atm) WS (mph)
= 2 : = y
o2 ; = ]
omes ; o :
Key: WK = week; Temp = temperature; Pres = pressure; RH = relative humidity; WS = wind speed.
Table 9. Meteorological Parameters of Outdoor Air of Microbiology Laboratory.
Sampling period Temp (°C) RH (%) Pres (atm) WS (mph)
= : = :
g - = .
ol : = )
2 : = >
n g . L .
Key: WK = week; Temp = temperature; Pres = pressure; RH = relative humidity; WS = wind speed.
Table 10. Meteorological Parameters of Indoor Air of Biotechnology Laboratory.

Sampling period Temp (°C) RH (%) Pres (atm) WS (mph)
VI Noo = " 0995 01
WK Noon 53 o4 095 09
w3 Noon 2 . 05 s
wics Noo 2 o8 0995 09
WK Noo = 06 059 09

Key: WK = week; Temp = temperature; Pres = pressure; RH = relative humidity; WS = wind speed.

Table 11. Meteorological Parameters of Outdoor Air of Biotechnology Laboratory.

Sampling period Temp (°C) RH (%) Pres (atm) WS (mph)
o D ; oo f
R ; 02 0
omss B 32 02 3.9
WK 4 Nom T s o8 0995 09
wes N ; o i

Key: WK = week; Temp = temperature; Pres = pressure; RH = relative humidity; WS = wind speed.

4. Discussion

The assessment of indoor and outdoor air quality is
essential in determining microbial air pollution. Information
on number and type of air borne microorganisms can be used
to estimate the health hazard posed and create standards for
air quality for both the indoor and outdoor environment [16,
17]. This study investigated the microbial qualities of both
the indoor and outdoor air of Biological Science Laboratories
(Microbiology and Biotechnology Laboratory) in Akwa Ibom

State University using sedimentation method (settle plate
technique).

Microorganisms are ubiquitous in the atmosphere with
concentrations of bacteria cells typically exceeding 100
million m® of air over land. The results of this study have
revealed fairly high microbial loads in the laboratory
atmosphere. The research findings have shown that bacteria
and fungi were detected in all the sites investigated. The total
fungal concentration was higher in week 4 at noon than total
bacteria concentrations. This observation is in contrast with
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previous work carried out by Vijayalakshmi [17] who
reported that the occurrence of individual bacterial species
(5495 CFU/m’), and their seasonal distributions were
significantly higher than outdoor fungal concentrations (4344
CFU/m®) from an outdoor environment in upper Silesia.

In this study, a high positive correlation was observed
between indoor THBC and outdoor THBC (r = 0.988) for
microbiology Laboratory in the morning and (r = 0.811) for
Biotechnology laboratory in the morning at P<0.05. This is in
contrast to the result obtained by Frankel et al., [18] who
obtained a low positive correlation between indoor THBC,
TFC and outdoor THBC, TFC respectively. However, the
indoor FCC and S-S showed low to moderate positive
correlation to the outdoor air concentration.

This study has also revealed the rich microbial loads with
remarkable populations of heterotrophic bacteria but low
densities of faecal coliforms, total coliforms and
Salmonella-Shigella species. Air will often contain
microorganisms such as viruses, bacteria and fungi. None of
these actually live in the air; the atmosphere tends to kill off
most of them. However, they are frequently transported
attached to other particles such as flakes, soil, dust or dried
residues from water droplets. Aggregation of cells into
clumps can enhance their survival whilst airborne. Bacteria
cells when they become airborne normally die within a few
seconds due to evaporations of water associated with
particles. Thus, with higher humidity higher bioaerosols can
prevail.

Diverse species of bacteria and fungi were isolated from
the indoor and outdoor air of the laboratories. A total of 18
microbial species were isolated in this study. These include 8
bacterial and 10 fungal species. The bacterial species include
Staphylococcus aureus, Bacillus spp, Micrococcus spp,
Corynebacterium spp, Salmonella spp, Escherichia coli,
Citrobacter spp, and Proteus spp. Most of these bacteria
encountered in this study have previously been reported by
researchers [16, 19-21].

The fungal isolates include Aspergillus spp, Rhodotorula
Harrison, Saccharomyces cerevisiae, Mucor micheli,
Lecythophora  hoffmannii, Cladosporium spp, Candida
albicans, and Candida albicans. Tlundu and Nwoke [22] also
reported the presence of these fungal species in the outdoor air
environment of Delta State University Site III, Abraka,
Nigeria.

The incidence of these microbial isolates however varied
with the Laboratories. The research results have shown that
among the bacterial isolates, Bacillus spp, Micrococcus spp
and Staphylococcus aureus were the most predominant with
27%, 22.93% and 16.76% respectively. Among the fungi
encountered in this study, Aspergillus niger (21.72%),
Aspergillus flavus (18.69%) and Aspergillus terreus (17.96%)
were the most predominant. This is similar to that obtained by
Ekhaise and Ogboghodo [23] who isolated 10 bacteria species
from indoor and outdoor of 2 hospitals in Benin City, Nigeria.
Epidemiological studies have shown that high concentrations
of microorganisms in the air can be allergenic; however,
sometimes even very low concentrations of some particular

microorganisms can cause serious diseases [24]. Among the
microorganisms isolated from the indoor and outdoor air of
Biological Sciences Laboratories, Staphylococcus aureus,
Bacillus spp and E. coli are known to be pathogenic.

S. aureus is normally part of the skin flora. About 20% of
the human populations are long term carriers of S. aureus. S.
aureus are known to form aggregates in nature, so they tend to
yield higher colony counts and also because of the possible
breaking up of the clusters [25]. This bacterium is known to be
carried in the nasopharynx, throat, skin, cuts, boils, nails and
as such can easily contribute to the microflora of these
laboratories which are always busy with academic activities.

Bacillus endospores have a usual resistance to chemical and
physical agents, this explains their aerial distributions. This
organism is a known primary agent of food poisoning [26].

E. coli is a Gram negative, facultatively anaerobic rod
shaped bacterium that is an indicator of recent faecal
contamination. Most E.coli strains are harmless but some
serotypes can cause serious food poisoning in humans and are
occasionally responsible for products due to food
contamination [21, 26].

The relatively high concentrations of fungi in the air within
Biological Sciences laboratories may pose only little health
hazard to healthy individuals, but would pose serious danger
and special risk to immunocompromised individuals [21, 27].
Frequent and high exposure to spores of Aspergillus spp can
lead to pulmonary aspergillosis when inhaled. The majority of
cases occur in people with underlying illnesses and low
immunity [28, 29]. 4. niger and other species of fungi have
been implicated as pathogenic in causing mycotic infections
[21]. Exposure to C. albicans can cause skin related infections.
Most fungi are known to be associated with asthma both in
babies [30] and adults [31].

Wind speed releases bacteria in air when it has to exceed a
threshold speed to remove material from surface whereas at
higher speeds bacterial concentrations may become diluted
[32]. However, in this study, significant difference between
temperature, wind speed and relative humidity was observed
on microbial concentrations of the Microbiology and
Biotechnology Laboratories. This is similar to the result
obtained by Kumari et al., [1]. Therefore, the microbial
concentrations of the indoor air and outdoor air for the two
Laboratories could be attributed to correlation between total
heterotrophic bacteria count and temperature, relative
humidity and wind speed.

The statistical analysis revealed a significant difference
between the outdoor and indoor microbial load of
Biotechnology and Microbiology Laboratories except in the
microbial load of Microbiology Laboratory for morning
where there was no significant difference. The data was
analyzed at a criterion for significance of P<0.05.

5. Conclusion

The study has shown the rich microbial loads of indoor
and outdoor air of Biological Science Laboratories with
remarkable populations of heterotrophic bacteria but low
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densities of faecal coliforms and Sal/monella-Shigella species.
The most predominant bacterial and fungal isolates were
Bacillus spp (27%) and Aspergillus niger (21.72%). The
incidence of pathogenic organisms in this study clearly
indicates the lower degree of cleanliness in Biological
Science Laboratories and as such, poses a potential threat to
the health and the wellbeing of the students and staff.

Therefore

regular inspection of the concentration of

bioaerosols in the environment is recommended so as to
improve the general wellbeing of the occupants, also there is
need to construct lecture halls for students to reduce exposure
to bioaerosols in the Laboratory.
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