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Abstract - Bacteria are an important biological component present
in bioaerosols and can cause disease in humans and animals and
damage vegetation. In the city of Cartagena de Indias there is
limited information on the environmental bacteria present in the air
and the microbiological quality in that environment. Therefore, the
purpose of this study was to evaluate the concentration of airborne
bacteria present in an HEI in the city of Cartagena de Indias and to
determine the influence of weather conditions on the concentration
of bacterial bioaerosols. 128 outdoor air samples were collected
with a cascade impactor over 4 months. Total bacteria count, and
parameters such as temperature, relative humidity, and wind speed
were monitored during the 16 sampling campaigns. The results
showed that the average concentration of bacteria was 24.84 + 8.02
CFU/m3. Furthermore, they indicated that these bacterial
bioaerosols are mainly constituted by gram-positive bacteria (92%),
the dominant genera being Staphylococcus and Bacillus. The
concentration of bacteria in the air of the IES was mainly
influenced by the wind speed.

Keywords—air quality, bacteria, bioaerosols, meterorological
factors, outdoor environment.

. INTRODUCTION

Bioaerosols are a set of particles that are released directly
into the atmosphere, and include living and dead organisms,
fungal spores, plant pollen, and fragments or excretions [1].
The bacteria that can be found in the air are allochthonous
microorganisms, coming from the soil and water by
resuspension. The presence, concentration and diversity of
aerial bacteria will depend on the season, region,
meteorological parameters, and climatic conditions of each
ecosystem [2]. Bioaerosols can be emitted from various types
of natural sources, typical of the dynamic processes of
environmental systems; or of anthropogenic origin, associated
with urban activities carried out in areas with high levels of
population density [3]. The emission of bioaerosols can be
passively, removed from the surface of the source by
turbulence (mechanical or thermal), or actively through
ejection processes [4].
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Bioaerosols of bacterial origin have an influence on
human health, since they are retained in the upper part of the
respiratory system and can develop allergenic symptoms, they
can penetrate the respiratory system to the alveoli and cause
allergic alveolitis [5]. In recent years, exposure to bioaerosols
in indoor and outdoor environments has received more
attention due to its impacts on human health and biota, it is
estimated that they are approximately responsible for air
pollution between 5 and 34% [6]. However, there is a lack of
knowledge of the exposure limit to them, epidemiological and
toxicological studies are needed to establish a level of adverse
effect due to exposure to bioaerosols [7].

For the context of Cartagena de Indias, studies on air
quality in external and internal environments are limited.
Therefore, the objective of this study is to identify and
quantify bacteria present in the external environment of an
HEI to determine a profile of microorganisms to which the
educational community is exposed daily. The data found in
this investigation can serve as a basis for future
epidemiological and toxicological studies, as well as help to
take the necessary preventive measures, providing relevant
information in local, regional, and national investigations on
air pollution.

Il. MATERIAL AND METHODS

A. Site description

Air samples were collected from the roof of an outdoor
academic building on the campus of a higher education
institution (HEI) located in the city of Cartagena de Indias,
Colombia (10° 22' 13.6 "N - 75° 27' 55.5" W). Cartagena is a
port city on the Caribbean coast of Colombia. The city has a
warm semi-arid climate, an average annual temperature of 29
°C, a relative humidity of 90%. The rainy season is typically
between December and March, and the dry season between
August and November [8]. The HEI is located on the outskirts
of the city of Cartagena, in the "Carlos Vélez Pombo"
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Industrial and Technological Park, where there are companies
related to the supply of materials and services related to the
energy industry and is characterized by the presence of
vegetation (Fig. 1). The sample point was in the most
vegetated area of the institution.

The temperature, precipitation, wind speed and humidity were
taken from the record of the main synoptic station located at
the Rafael NUfiez airport supplied by the IDEAM (Institute of
Hydrology, Meteorology and Environmental Studies).

Fig 1: Geographic location of the sampling sites evaluated in this study

B. Sampling methods

A two-stage Andersen-type cascade impactor with a flow
rate of 28.3 L/min was used to isolate culturable bacteria from
the atmosphere. Each stage of the impactor captures a range of
particles with a different size range. Stage 1 captures particles
with a diameter > 7um (area of the nasal cavity of the human
respiratory system) and stage 6 captures particles with a
diameter of 2 um (area of the primary bronchi or alveoli of the
respiratory system) [9].

The impactor was placed on a tripod at an approximate
height of 1.5 m, to establish average human breathing
conditions [10]. The flow rate used in the sampling was 28.3
L/min and the sampling time was 8 min. Duplicate samples
were taken once a week between the months of June to
October 2018. During the day, two sampling days were carried
out, one in the morning hours (9h00 to 10h00) and another in
the afternoon hours (15h00 to 16h00) [11]. The sampling time
corresponded to 16 sampling campaigns and 128 samples
were collected.

For each sampling, the impactor was loaded with 9.0 cm
Petri dishes containing LB agar to culture the collected
bacterial samples. The exposed culture plates were incubated
at 37 °C for 24 h. After the incubation time, bacterial growth
was verified and counted. Results were expressed as colony-
forming units per cubic meter of air (CFU/m®). CFU/m® was
calculated as [12]:

CFU/m? = Colony forming units/Air volume

The air volume is calculated as the product between the
pumping flow rate and the sampling duration time.

C. Identification of bacteria

Single colonies were successively subcultured on LB agar
to obtain pure cultures. The phenotypic characterization was
based on the description of morphology, Gram staining,
endospore formation, motility, and catalase and oxidase
activity [13]. Bacterial colonies were identified using the BBL
Crystal kit following the manufacturer's instructions.

D. Statistical analysis

All the experimental data were evaluated statistically
using Statgraphics software (version 16). The significance
level was P < 0.05. The correlation between the concentration
of bioaerosols and the meteorological variables was
determined using the Pearson correlation coefficient (r).

I1l. RESULTS

A. Culturable bacteria concentrations

During the sampling period, the average concentration of
bacteria was 24.84 + 8.02 UFC/m3. The minimum
concentration values of bioaerosols occurred in campaign 12
(1.1 UFC/m?3) on both time and the maximum value occurred
in campaign 10 during the morning session with a value of
66.25 UFC/m? (Fig. 2).
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Fig 2: Average concentration of culturable bacteria at a HEI in Cartagena. a)
morning time and b) afternoon time
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B. Characterization and identification of culturable bacteria
from air samples

A total of 13 bacterial strains were isolated from the 128
samples analyzed. The characterization of the identified
strains is presented in Table 1. The morphological
characterization showed the presence of colonies with
pigmentation. Approximately 54% of the 13 species presented
a characteristic pigmentation reflected in a specific color in
their colony. On the other hand, it was determined that most of
the isolated bacterial strains are Gram positive (92%), and
85% are sporoformers.

TABLE |

PHENOTYPIC CHARACTERIZATION OF THE IDENTIFIED BACTERIA
Presence
of Catalase | Oxidase
spores

Gram
stain

Strain Colony

code description Morphology

Orange
colony, flat,
entire,
circular, small
Colony
B2 yellow, flat, Cocci
entire, circular
Orange
colony, flat,
entire,
circular. 2 mm
Colony white,
flat, lobed,
irregular,
large. 50 mm
Colony
yellow, raised,
B5 wavy, Cocci
irregular.
5mm
White,
elevated,
entire, circular
colony. Imm
White, flat,
wavy,
irregular
colony. 7mm
Colony
yellow, raised,
B8 wavy, Bacilli
irregular.
5mm
Colony pink,
B9 flat, entire, Bacilli
circular. 4mm
White,
elevated,

B10 entire,
irregular
colony. 10mm
Colony white,
convex,
entire,
circular. 2mm
Colony
orange, flat,

B12 serrated,
irregular.
4mm
White,
umbellate,
B13 wavy, Cocci
irregular
colony. 5mm

B1 Cocci Gram(+) - + +

Gram(+) - + +

B3 Cocci Gram(+) - + +

B4 Cocci Gram(+) - - -

Gram(+) - + -

B6 Cocci Gram(+) - + -

B7 Bacilli Gram(+) + + +

Gram(+) - - +

Gram(-) - - +

Estreptococci | Gram(+) - + N

B11 Bacilos Gram(+) + + +

Estreptococci | Gram(+) - + +

Gram(+) - + +

Five genera of culturable bacteria were identified. The
dominant genus was Staphylococcus (70%), followed by
Bacillus (15%) and Enterococcus (7%), and Streptococcus
(5%) and Pseudomonas genera (3%) were identified in a
smaller proportion (Fig. 3). On the other hand, the frequency
of appearance of the identified bacteria is similar on both
times.
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Fig 3: Frequency of bacterial bioaerosols occurrence in the morning and
afternoon. According to a) genus and b) family.

C. Correlation of  meteorological variables and

concentration of bioaerosols

According to the information recorded by the
meteorological station during the sampling time, a relative
humidity between 0% and 90% was recorded, a temperature
between 28-33 °C and the wind speed fluctuated between 5
and 20 km/h. Fig. 4 shows the behavior of the meteorological
variables during the 16 sampled campaigns.

On the other hand, it was determined that a low
correlation between temperature and bacteria concentration (r
= 0.17). In addition, a low correlation was found between
wind speed and bacteria concentration (r = 0.18), likewise a
negative correlation was identified between relative humidity
and concentration (r = -0.3). During the sampling campaign,
the highest correlation was found between wind speed and
bacteria concentration.
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Fig 2: Meteorological variables during the 16 sampled campaigns

IV. DISCUSSION

In this study, the presence of airborne bacteria present in a
Higher Education Institution - IES in the City of Cartagena de
Indias, and its correlation with meteorological variables, was
evaluated. The results revealed that the concentrations of
bacteria are strongly influenced by the conditions of the day,
since they present a greater dispersion in the afternoon hours,
which can be related to the increase in wind speed during
these hours of the day, and changes in temperature and
humidity. [11] reported that the concentrations of bacteria in
air samples taken from a beach in Cartagena were not different
between morning and afternoon, which may be related to the
influence of meteorological variables on the concentration of
bioaerosols. The counts of bacterial bioaerosols in coastal
regions reported in previous studies are higher than those
registered in this study (146 — 340 CFU/m3) [11], however,
factors such as meteorological variables and natural and
variable emissions may influence these differences.

In the evaluated study area, a total of 13 bacterial strains
were identified, where the majority presented pigmentation of
their colonies. This pigmentation is considered a strategy used
by some bacteria to survive environmental stress conditions,
uch as exposure to UV rays [14]. These pigments have a
protective effect against ultraviolet radiation in bacteria that
develop in habitats subjected to light [15]. These results are
similar to those reported by [16] and [17] who determined that
the majority of bacteria presented pigmentation. These studies
were carried out in the city of Cartagena de Indias and in
coastal areas, with atmospheric conditions similar to those

Relative umidity (%)

found in this investigation, verifying that the bacteria use this
characteristic as a defense system.

Likewise, it was also determined that Gram-positive
bacteria predominated in the samples analyzed. This may be
related to the composition of their cell wall, which is made up
of peptidoglycan, which allows them to be more resistant to
adverse conditions such as desiccation and solar radiation [11]
and [18]. These results coincide with what was reported by
[1], [16-17] where Gram positive bacteria predominate
compared to Gram negative bacteria, demonstrating that in the
air of coastal regions this type of airborne bacteria
predominates due to the main characteristic of peptidoglycan
in its structure.

The bacterial strains isolated from the sampling area were
related to the genera Staphylococcus, Bacillus, Enterococcus,
Streptococcus and  Pseudomonas. These results are
comparable with other bioaerosol studies that have found the
presence of these genera in different outdoor environments
including coastal regions [11], urban environments [20-22],
farms [23-24], landfills [25], and schools [26]. Staphyloccus
spp. It was the gender that had the maximum concentration
and frequency in the days evaluated. Species of the genus
Staphyloccus are saprophytic, facultative aerobic, and colonize
the surface of the skin and mucous membranes of humans and
animals and are the causative agent of many severe acute and
chronic infections [19]. The dominance of this genus in
outdoor and indoor environments has been reported in
previous studies [11] and [20-26], which is probably related to
its ability to survive in unfavorable conditions, and because its
presence in the environment increases through the skin,
mouth, and nostrils. noses, human hair, and pets [26]. The
genus Bacillus is a diverse group of bacteria that are
characterized by being Gram-positive, sporoforming, and
strictly aerobic or facultative anaerobic. Some species of this
genus are the cause of respiratory diseases and food poisoning
[27]. Different studies have reported that this genus is
ubiquitous in bioaerosol samples [11], [20-23] and [25-26],
which is related to its ability to produce spores in hostile
conditions such as those prevailing in the atmosphere [21].

Species of the genus Enterococcus are gram-positive,
non-sporoforming cocci, facultative anaerobes, and obligate
fermentative chemoorganotrophs [28]. This genus is
ubiquitous and has been isolated from water, soil, plants,
fermented food products, and is part of the intestinal
microbiota of both vertebrates and invertebrates [28]. Some
clinical infections are caused by Enterococcus spp. including
urinary tract infections, bacteremia, bacterial endocarditis,
meningitis, and bacterial peritonitis [29]. This genus has been
reported in previous studies as an airborne bacterium [11],
[21], [23] and [25]. The genus Streptococcus is made up of
gram-positive cocci and most are facultative anaerobes. Some
species of this genus are responsible for infections such as
conjunctivitis, meningitis, bacterial pneumonia, endocarditis,
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and necrotizing fasciitis [30]. Previous studies have shown the
presence of this genus in bioaerosols from outdoor
environments [11], [20-21] and [23-24]. Pseudomonas spp.
are Gram-negative rods and strict anaerobes and includes
species that are commensals of plants and pathogens of
insects, animals, and humans [31]. Some species of this genus
can cause infections in animals and immunocompromised
patients [32]. The presence of this genus in external
environments has been previously reported [20-21] and [23-
25].

In this study, a correlation was determined between wind
speed and the concentration of bacteria. Wind speed is
associated with the release and dispersal of spores; however,
this effect varies with intensity and height [33]. The bacteria
concentrations showed a low positive relationship with the
wind speed since the concentrations were higher in the hours
when the wind speeds were higher. According to [34], this is
because the increase in wind speed can cause an increase in
the elimination of bacteria from different sources.
Furthermore, according to [17] higher wind speeds can cause
bacteria to be resuspended in the atmosphere, suggesting that
the dispersal of terrestrial bacteria increases during strong
winds.

V. CONCLUSIONS

Outdoor concentrations of bacterial bioaerosols were
evaluated in a higher education institution in a coastal region
(Cartagena de Indias, Colombia). We found that the prevalent
bacterial genera in the sampled area were Staphylococcus and
Bacillus, and that wind speed can influence the concentration
of bacteria in the air in this area. This study provides useful
information to generate policies for the benefit of the
academic and administrative community of the analyzed
university. Additional studies are required to determine the air
quality in indoor environments to determine the impact of
bioaerosols on the population of this institution.
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