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A B S T R A C T

This study aims to determine microbiological air quality in public buildings: libraries, faculties, schools, child
daycare centers and hospitals and its association with microclimatic conditions, particulate matter (PM) and
ventilation type. Airborne bacteria and fungi were collected using Andersen two-stage sampler, it divides par-
ticles into coarse (≥7 μm) and fine (< 2.5 μm) size ranges. Bacterial and fungal concentrations ranged between
0 ‒ 105 CFU/m3 and 0–103 CFU/m3, respectively. The 95th percentile values were 3399 CFU/m3 for environ-
mental bacteria; 2299 CFU/m3 for mesophilic bacteria and 513 CFU/m3 for fungi. The Global Index of Microbial
Contamination (GIMC/m3) exceeded 2000 CFU/m3 in hospitals' admission rooms and educational buildings.
Index of Mesophilic Bacterial Contamination (IMC) achieved the greatest value in the faculty of specific edu-
cation (F.SE), indicating overcrowding and hypoventilation. Fine particle fraction ranged within 2–41% for
bacteria and 47–94% for fungi. Bacillus subtilis and Bacillus atrophaeus were the common bacterial species.
Aspergillus, Alternaria, Penicillium and Cladosporium were the common fungal types. The secondary and tertiary
fungal colonizers were detected in low counts. Agreement ratios showed that, outdoor air was the main con-
tributor of indoor fungal flora, and accumulated dust was important contributor of fungal and bacterial flora in
schools and faculties. Indoor/outdoor (I/O) ratios of PM concentrations exceeded 1 in ∼37% of the public
buildings. Temperature negatively affected bacterial culturability while, relative humidity and PM supported
fungal culturability in indoor environment. However¸ PM positively affected bacterial culturability and tem-
perature negatively affected bacterial and fungal curturability in outdoor environment.

1. Introduction

Indoor air quality is a complex and dynamic system, containing
biological and non-biological contaminants (Pereira et al., 2017). Bio-
logical particles and their products are common indoor contaminants
(Di Carlo et al., 2016), affecting health, wellbeing and productivity of
people (Mentese et al., 2015; Śmiełowska et al., 2017). The biological
contaminants may cause infection, sick building syndrome, allergies
and nosocomial diseases (Skóra et al., 2015) and influence hygienic
conditions of building materials and objects (Lech, 2015; Kadaifciler,
2017). Indoor air microorganisms are mainly originated from outdoor
air, anthropogenic sources and building materials (Fang et al., 2007).
Airborne microorganisms contribute for ∼5–34% of the total indoor
airborne contaminants (Nevalainen et al., 2015; Gizaw et al., 2016).

Indoor air microbial quality has attracted public attention in recent
years. Indoor microbial quality has been evaluated in industrial build-
ings (Dacarro et al., 2005; Abdel Hameed et al., 2015; Mackiewicz
et al., 2015) and in public buildings (Guan et al., 2015; Li et al., 2015;

Shiferaw et al., 2016; Osman et al., 2017). The studies have showed
that, airborne microbial communities are varied according to type of
indoor environment (Kembel et al., 2012). Local climate, microclimatic
factors, level of occupancy, type of human activity, season, geo-
graphical characters, ventilation type and building maintenance sig-
nificantly affect indoor microbial concentrations, types and their dis-
tribution pattern (Adams et al., 2014; Prussin and Marr, 2015; Ghosh
et al., 2015; Tham, 2016).

Intensity of people, activity of occupants and agitation of dust sig-
nificantly increase microbial concentrations (Meadow et al., 2014).
People in densely populated buildings may be more likely suffer from
exposure to hazardous biological contaminants (Klepeis et al., 2001).
The proliferation of microorganisms in public buildings “schools, uni-
versities and hospitals” is indicated as a cause of health problems (Ortiz
et al., 2009). Microbial air quality and ventilation in educational set-
tings affected health of students and consequently their learning per-
formance (Daisey et al., 2003). There were associations between high
concentrations of airborne fungi and persistent cough and wheeze (Gent
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