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Abstract

Understanding the diversity and abundance of bacteria present in indoor air environments is essential for
assessing potential health risks associated with microbial exposure. The aim of this study was to evaluate
the indoor air bacterial load, focusing on the determination of genera or species composition and the
quantification of colony forming units (CFUs) in different Sections i.e from Biology POCSO Lab.,
Biology exhibit examination Lab., Serology exhibit examination Lab., DNA exhibit examination Lab.
and Toxicology exhibit examination Lab. of 4" floor , Forensic Science Laboratory, Bihar, Patna. The
evaluation of indoor air bacterial concentrations reveals significant variations across laboratory spaces,
with the highest count recorded in the Toxicology exhibit examination Lab.(T) while the lowest count
was found in the Biology POCSO Lab. (P). Mean bacterial concentrations in the Biology exhibit
examination Lab.(B), Serology exhibit examination Lab.(S), and Toxicology exhibit examination
Lab.(T) exceeded WHO guidelines, contrasting with levels within acceptable ranges in the POCSO
exhibit examination Lab.(P) and DNA exhibit examination Lab.(D). Bacterial identification unveiled
different genera, predominantly Gram-positive, with diverse morphologies and species including Bacilli,
Streptococcus pneumoniae, Staphylococcus aureus and Coagulase Negative Staphylococcus. These
findings underscore the importance of stringent safety measures including enhanced sanitation protocols,
adherence to PPE guidelines and targeted interventions to regulate indoor air quality, thereby fostering
healthier and safer laboratory environments for personnel.
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Introduction-

Bioaerosols, the biological contaminants suspended in the air, pose a significant concern as they can be
ingested or inhaled by humans (1). Living microorganisms can be found everywhere, including
suspended in the indoor air, microbes are usually distributed unevenly (2). Microbial air monitoring
involves sampling and analysing air for microbial contamination, crucial for maintaining indoor air
quality. Sources of indoors microbes encompass humans, ventilation, air-conditioning systems, dust, and
outdoor air. Bacteria and fungi constitute the primary constituents of bioaerosols, and exposure to these
organisms in built environments correlates with adverse health outcomes (3). Indoor air quality is a
critical aspect of human health and well-being, particularly given the amount of time individuals spend
indoors. Among these factors, the microbial composition of indoor air plays a significant role in
determining overall air quality and potential health risks to occupants. Numerous studies have
highlighted the importance of indoor air quality in relation to respiratory health, allergies, and other
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health outcomes(4).The World Health Organization has declared that 4.3 million premature deaths are
related to indoor air pollution(5).Bacteria, as ubiquitous microorganisms, can colonize indoor
environments and contribute to indoor air pollution(6).Identifying the types and concentrations of
bacteria present in indoor air is crucial for implementing effective strategies to mitigate exposure risks
and improve indoor air quality standards(7).By examining the bacterial composition and abundance in
indoor air environments, this study aims to contribute to the existing body of knowledge on indoor air
quality and microbial ecology. The findings of this research can inform public health initiatives, building
design and maintenance practices, and indoor air quality guidelines, ultimately promoting healthier
indoor environments for occupants.

Aim of the work-

Aim of the work was to evaluate the bacterial concentration level of the indoor air, to determine the
genera or species composition and the number of colony forming units of airborne microbes (bacteria) in
different Sections i.e from Biology POCSO Lab., Biology exhibit examination Lab., Serology exhibit
examination Lab., DNA exhibit examination Lab. and Toxicology exhibit examination Lab. of 4™ floor,
Forensic Science Laboratory, Bihar, Patna from October to November 2023.

Material and Method-

Over the course of one month (4 weeks),20 indoor air samples were collected. These samples were taken
once a week specifically in the afternoon time from 5 different section i.e from Biology POCSO
Lab.(marked as P), Biology exhibit examination Lab.( marked as B), Serology exhibit examination Lab.(
marked as S), DNA exhibit examination Lab.( marked as D) and Toxicology exhibit examination Lab.(
marked as T) of 4th floor, Forensic Science Laboratory, Bihar, Patna. Petri dish filled with nutrient agar
(NA) was used as sampling surface for bacteria. The Petri plates were exposed to the air in a processing
room according to the 1/1/1 scheme (for 1 hour, 1 meter above the floor and about 1 meter away from
walls) (8). These plates were incubated at 37°C for 24 hours and checked for bacterial growth. Then
colonies were checked, counted and expressed in colony forming units (cfu/m®) by using Omelyansky’s
formula(9).The pure colonies were picked by a sterile loop to make a suspension with normal saline on a
glass slide and were followed by gram staining to check for gram positive and gram negative bacterial
identification(10).Biochemical tests like catalase and coagulase were done for further classification and
to identify bacterial group.

Result —

The findings obtained from evaluation of the indoor air bacterial concentrations reveals that, highest
indoor bacterial count was found in the Toxicology exhibit examination Lab.(T) which was
2115CFU/m?® and the lowest count was found in the Biology POCSO Lab.(P) which was 390 CFU/m?®
(Table-1).

Table 1. Number of bacterial CFU/m3 air and mean bacterial concentrations from different

section —
SECTIONS (Sample READING - | READING - | READING | READING - | Mean
Collection) 1 2 -3 4
BIOLOGY POCSO Lab.(P) 930 700 890 390 727.5
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BIOLOGY Exhibit 1100 850 1750 970 1167.5
Examination Lab.(B)

DNA Exhibit Examination 1130 490 1125 450 798.75
Lab.(D)

SEROLOGY Exhibit 1220 850 1200 780 1012.5
Examination Lab.(S)

TOXICOLOGY Exhibit 2115 910 2010 950 1496.25
Examination Lab.(T)

The mean bacterial concentrations in the Biology exhibit examination Lab.(B), Serology exhibit
examination Lab.(S) and Toxicology exhibit examination Lab.(T)exceeded WHO guidelines while mean
bacterial concentrations in the Biology POCSO Lab.(P) and DNA exhibit examination Lab.(D)were all
within the WHO guide lines range (11). Out of 20 samples in this study, 15(75.0%) samples had high, 2
(10.0%) samples had very high and 3(15.0%) samples had intermediate indoor air bacterial load. A total
of three bacterial genera were isolated. All were Gram positive and showing different colony
morphology and shapes (Table-2). Both coccus and rod forms cells were seen. The coccus were
occurred in pairs, chains or clusters. Gram-positive spore-bearing Bacilli identified from sample marked
B and S while from sample marked P Gram-positive Cocci in pairs and chain were identified. In sample
marked D and T Gram-positive spore-bearing Bacilli as well as Gram-positive Cocci were also
identified. Sample marked P identified as Streptococcus pneumoniae, sample marked D were identified
as Coagulase Positive Staphylococcus aureus whereas sample marked T were also identified as
Coagulase Negative Staphylococcus. The majority of isolated bacteria were Bacillus species, accounting
for 80% of the total isolates. Additionally, smaller proportions of Streptococcus pneumoniae,
Staphylococcus aureus, and Coagulase Negative Staphylococcus were also found, each comprising 20%
of the isolates.

Table 2: Bacterial species detected from different section —

SECTION(Sample Collection) Biochemical Test

Gram’s Staining

Bacterial species

BIOLOGY POCSO Lab.(P)

Gram-positive Cocci
in pairs and chain

Catalase Negative

Streptococcus
pneumoniae

BIOLOGY Exhibit

Gram-positive spore-

Catalase Positive

Bacillus Species

Examination Lab.(B) bearing Bacilli
DNA Exhibit Examination Gram-positive spore- | Catalase Positive Bacillus Species
Lab.(D) bearing Bacilli

Gram-positive Cocci
in clusters

Catalase Positive,
Coagulase Positive

Staphylococcus
aureus

SEROLOGY Exhibit

Gram-positive spore-

Catalase Positive

Bacillus Species

Examination Lab.(S) bearing Bacilli
TOXICOLOGY Exhibit Gram-positive spore- | Catalase Positive Bacillus Species
Examination Lab.(T) bearing Bacilli

Gram-positive Cocci
in clusters

Catalase Positive,
Coagulase Negative

Staphylococcus
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Discussion-

Assessing the microbiological quality of indoor air stands as a critical investigation for identifying
microbial pollution indoors. Airborne microbes are one of the main contaminants that play a role as an
indicator of clean indoor air (12). Understanding the concentrations of airborne microbes is essential for
gauging health risks and establishing standards for controlling indoor air quality. The study demonstrates
considerable diversity in indoor air bacterial concentrations among various laboratory spaces. The
bacterial load in the indoor environment of 5 different section of 4™ floor, laboratory rooms of FSL,
Patna ranged between 390 to 2115 CFU/m®Notably, the Toxicology exhibit examination Lab.(T)
exhibited the highest bacterial count, while the Biology POCSO Lab.(P) recorded the lowest. Such
variations might be attributed to differences in laboratory activities, equipment usage, ventilation
systems, and human traffic. Visceral contamination could be the primary factor contributing high
bacterial load within the Toxicology exhibit examination Lab.(T). So, the assessment of visceral
contamination is essential for maintaining hygiene standards and ensuring the safety of individuals
working in these environments. The reduced bacterial presence in the Biology POCSO Lab.(P) may
stem from its primary utilization for centrifugation and microscopic examinations of exhibits, rather than
for exhibit storage, opening, and other examinations. The study indicates that mean bacterial
concentrations in the Biology exhibit examination Lab.(B), Serology exhibit examination Lab.(S), and
Toxicology exhibit examination Lab.(T)exceeded WHO guidelines, while those in the Biology POCSO
Lab.(P) and DNA exhibit examination Lab.(D). remained within acceptable ranges. The structural
design and the low number of occupants per area might be responsible for low bacteria burden in both of
these Section. Similar studies revealed that, the presence of aerial bacteria was associated to the presence
of personnel into the air of the partially closed premises(13,14).Total volume of airborne
microorganisms in an enclosed area also depends on the location, weather, structural design, relative
humidity, ventilation rate, air movement rate and the number of users of that room (15,16).Hence, a
simple approach to improve the indoor air quality within the building would be to prevent overcrowding
and incorporate efficient ventilation systems into the design. While there isn't a universally accepted
standard for assessing microbial levels in indoor air, research conducted by the World Health
Organization (WHQ) expert group proposed that the total microbial load should ideally not exceed 1000
CFU/m3. On the other hand, the European Commission's sanitary standard suggests that microbial levels
of 50 CFU/m?3 are considered 'very low', 100 CFU/m? are deemed 'low', and levels ranging from 200 to
500 CFU/m? are categorized as 'high', with anything above 2000 CFU/m? regarded as 'very high load'.
According to these standards, the microbial load observed in this study would be classified as 'high’
(17,18). A total of three bacterial genera were isolated which are Bacillus species, Staphylococcus
aureus and Streptococcus pneumoniae. All of the bacterial isolates were found to be Gram-positive.
Staphylococcus is commonly present in all individuals and is typically expelled from the respiratory
tract when breathing or speaking. This expulsion from the nose and mouth can lead to its presence in the
environment. Staphylococcus has the potential to cause infections such as bacteremia and
gastrointestinal infections (19). Staphylococcus aureus is implicated in various prevalent diseases
affecting different parts of the body. It can result in infections of the skin and soft tissues (20).
Coagulase-negative Staphylococcus inhabits the skin and mucous membranes of both humans and
animals, establishing colonization in these areas. (21). Bacillus species are bacteria that are often found
in cultures but seldom result in acute infections. However, they can still cause various health issues (22).
Bacillus species are persistent and resistant in the environment because of the formation of spores.
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Spores have since been recognized as the hardest known form of life on earth(23).The production of
spores enables this organism to withstand unfavorable conditions such as low temperatures or heat and
may improve the chances of Bacillus to be present in high numbers in the air(24).Streptococcus
pneumoniae is a well-known pathogen responsible for various respiratory infections (25).In this study
the most frequent isolated genera were Bacillus species (80%) .The present finding were found similar
with those of Kavita and Jyoti (2013) (26,27,28).These genera of bacteria have been shown to be
amongst the most common bacterial genera often isolated from indoor environments. Mandal and
Brandl, in a review article, identified these bacterial genera as frequently encountered in indoor
environments, indicating their prevalence in such habitats (29). The presence of higher bacterial counts
in certain lab rooms could pose potential health risks to laboratory personnel and compromise
experimental integrity. The identification of three bacterial genera, all Gram-positive, underscores the
microbial complexity inherent within laboratory environments. The presence of both coccus and rod
forms, alongside varied colony morphologies, highlights the diverse microbial ecology within indoor air
samples. Moreover, the identification of specific bacterial species, including Bacilli and Streptococcus
pneumoniae, underscores the need for targeted microbial surveillance and infection control measures
within laboratory settings. Enhanced sanitation practices, routine disinfection of laboratory surfaces and
strict adherence to personal protective equipment (PPE) protocols are essential measures for preventing
cross-contamination. By implementing evidence-based interventions and fostering a culture of safety
awareness, laboratories can mitigate risks associated with indoor air quality and promote healthier work
environments for laboratory personnel.

Conclusion-

In light of these findings, it is imperative for laboratory management to prioritize measures aimed at
improving indoor air quality and maintaining stringent hygiene protocols to mitigate potential health
hazards associated with microbial contamination. Hence, continued monitoring and periodic assessment
of indoor air quality parameters are essential for ensuring a safe and conducive working environment for
laboratory personnel.
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