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The characterization of airborne microorganisms, collectively referred to as bio-aerosols, represents a critical
frontier in environmental science, industrial hygiene, and public health. As modern populations spend
approximately 80% to 90% of their time in indoor environments, the concentrations of bacteria and fungi within
these spaces have direct correlations with respiratory health, infectious disease transmission, and overall
occupational well-being. This technical analysis explores the complex dynamics of airborne microbial communities,
the methodologies for their assessment, and the environmental variables that govern their proliferation and
dispersal.

1.Theoretical Framework: The Nature of Bio-aerosols

Bio-aerosols are atmospheric particles that are biological in origin. They include living and dead microorganisms,
such as bacteria, fungal spores, viruses, and pollen, as well as biological by-products like endotoxins,
mycotoxins, and peptidoglycans. In the context of airborne assessment, we primarily focus on culturable bacteria
and fungi.

1.1. Airborne Bacteria

Airborne bacteria typically originate from human desquamation (skin shedding), soil disturbances, and water
sources. In indoor environments, human occupancy is the primary driver of bacterial concentration. Technical
assessments often distinguish between Gram-positive (e.g., Staphylococcus, Micrococcus, Bacillus) and Gram-
negativebacteria. Gram-positive species are more frequently found in air due to their thicker peptidoglycan cell
walls, which afford them greater resistance to desiccation and UV radiation during transport.

1.2. Airborne Fungi

Fungi in the air exist predominantly as spores or hyphal fragments. Common genera identified in environmental
studies include Cladosporium, Aspergillus, Penicillium, and Alternaria. Unlike bacteria, fungal concentrations are
heavily influenced by moisture availability in building materials (dampness), outdoor-to-indoor air exchange, and
the presence of organic substrates. Fungi are potent allergens and can produce secondary metabolites
(mycotoxins) that pose significant health risks in stagnant indoor air.

2. Methodologies for Microbiological Assessment

The assessment of airborne microorganisms relies on two primary sampling philosophies: Passive Sampling and
Active Sampling. Each has distinct technical merits and limitations depending on the research objective or
industrial requirement.

2.1.The Open Plate Technigue (Passive Sampling)

The Open Plate Technique, or the sedimentation method, relies on the natural gravitational settling of bio-aerosols
onto an agar surface. This method is governed by Stokes' Law, which describes the settling velocity of particles in
a fluid (air).



While the open plate technique is cost-effective and non-disruptive, it is biased toward larger particles and spores
that settle more quickly. The Omeliansky Formulais often utilized to estimate the microbial load from passive
sampling data:

N = 5a x 1074 (bt)*-1

¢ N: Microbial concentration in CFU/m3.

< a: Number of colonies on the Petri dish.
e b: Surface area of the Petri dish (cm2).
e t: Exposure time (minutes).

2.2.Volumetric Sampling (Active Sampling)

Active sampling involves the use of mechanical devices to draw a known volume of air over a collection medium.
This is the preferred method for quantitative technical assessments because it allows for the calculation of exact
concentrations per cubic meter of air (CFU/m3).

e Impactors: Use inertia to deposit particles onto a solid agar surface (e.g., the Andersen Multi-stage Impactor).
e Impingers: Channel air through a liquid medium, which is subsequently plated.
« Filtration: Captures particles on a membrane filter for later elution and culturing.

3. Culture Media and Laboratory Protocols

The selection of growth media is pivotal for the successful recovery of airborne taxa. Because bacteria and fungi
have different nutritional and pH requirements, specialized media are used.

3.1. Sabouraud Dextrose Agar (SDA)

Sabouraud Dextrose Agaris the gold standard for the cultivation of fungi (yeasts and molds). It is formulated with
a high concentration of dextrose (energy source) and a low pH (approximately 5.6), which inhibits the growth of
most bacteria while favoring fungal proliferation. In many technical studies, antibiotics like chloramphenicol or
tetracycline are added to SDA to further suppress bacterial interference.

3.2. Bacterial Media: TSA and NA

Tryptic Soy Agar (TSA) or Nutrient Agar (NA)are commonly employed for total aerobic bacterial counts. These
media provide a broad spectrum of nutrients suitable for the recovery of common environmental and human-
associated bacteria. For assessments in the water treatment industry or clinical settings, selective media like Blood
Agar or MacConkey Agar may be integrated to identify specific pathogens.

4. Comparison Matrix: Sampling Techniques and Environmental Impact
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Quantitative Accuracy

Cost

Particle Size Bias

Common Use Case

Passive (Open Plate)
Gravitational Sedimentation
Low (Estimated)

Minimal

Favors >10:£0 ticles
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Active (Impaction)

Inertial Impaction

High (Volumetric)

High (Equipment required)
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Regulatory compliance/

Filtration Method

Physical Entrapment
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particles

Industrial cleanrooms

Clinical

5. Environmental Determinants of Microbial Loading

The concentration and diversity of airborne bacteria and fungi are not static; they are highly sensitive to physical
environmental parameters. Technical assessments must record and adjust for these variables to ensure data
integrity.

5.1. Temperature and Relative Humidity (RH)

Microbial viability in the air is highly dependent on Relative Humidity. High RH (above 60%) generally promotes
fungal growth on surfaces, leading to increased spore release. Conversely, very low RH can cause desiccation and
death for many bacterial species, particularly Gram-negative variants. Optimal bacterial survival is often found in
moderate humidity ranges, while fungi thrive as RH approaches saturation.

5.2. Occupancy Density and Anthropogenic Activity

In indoor environments like hospitals, dormitories, and food courts, human activity is the primary source of
airborne bacteria. Movement, talking, and skin shedding aerosolize microorganisms. Technical data consistently
shows a linear correlation between the number of occupants and the concentration of airborne heterotrophic
bacteria.

5.3. Ventilation and Air Exchange Rates (ACH)

The Air Changes per Hour (ACH)provided by HVAC systems significantly influences the residence time of bio-
aerosols. High-efficiency particulate air (HEPA) filtration can remove 99.97% of particles at 0.3;/£OA effectively
sterilizing the air. However, poorly maintained ventilation systems can become sources of contamination,
particularly if fungal colonies (biofilms) develop on cooling coils or within ductwork.

6. Field Guide: Executing a Professional IAQ Assessment

To conduct a rigorous assessment of airborne bacteria and fungi, technical writers and environmental engineers
should follow this structured protocol:

1. Site Characterization: Map the layout, identify potential moisture sources, and determine occupancy patterns.

2. Equipment Calibration: If using active samplers, calibrate flow rates (e.g., 28.3 L/min) using a primary
standard.

3. Media Preparation: Prepare SDA for fungi and TSA for bacteria. Ensure all plates are pre-screened for
sterility.



4. Sampling Execution:For passive sampling, expose plates for 30-60 minutes at 1.5 meters above floor level
(breathing zone).
5. For active sampling, collect a minimum of 100-500 liters of air per site.

7.Technical Case Study Analysis

7.1. Hospital Environments (Kashani and Hajar Hospitals)

Studies in clinical settings reveal that airborne loads vary significantly between wards. Intensive Care Units (ICUs)
typically maintain lower microbial counts due to strict ventilation controls, whereas general wards or outpatient
areas exhibit higher loads due to increased foot traffic. The presence of Staphylococcus aureus in these
environments is a critical metric for infection control protocols.

7.2. Female Dormitory Rooms and Domestic Settings

Research indicates that indoor domestic environments are highly susceptible to seasonal variations. In the spring,
outdoor fungal spores (e.g., Alternaria) infiltrate indoor spaces. Heating systems in dormitories can reduce RH,
potentially lowering bacterial viability but simultaneously circulating accumulated dust and fungal spores if filters
are neglected.

8. Advanced Calculations and Data Interpretation

In technical reporting, raw colony counts must be converted into standardized units. When using multi-stage
impactors, the Positive Hole Correction(Feller's Correction) must be applied to account for the probability that
multiple particles might pass through the same hole and form a single colony.

Pr=N[1/N + 1/(N-1) + ... + 1/(N-r+1)]

Where Pr is the expected number of viable particles and ris the number of observed colonies. This level of
mathematical rigor is essential for professional environmental auditing and peer-reviewed technical documentation.

Summary and Broader Implications

The assessment of airborne bacteria and fungi is a multifaceted discipline that integrates microbiology, physics,
and building science. Understanding the nuances of sampling technigues—from the simplicity of the open plate
technique to the precision of volumetric impactors—allows technical professionals to accurately quantify the
biological risks within a given environment. As urban density increases and climate patterns shift, the monitoring of
indoor air quality (IAQ) will become increasingly vital.

Technical assessments do more than just count colonies; they provide the empirical foundation for engineering
controls, policy decisions, and health interventions. By maintaining a rigorous focus on environmental variables like
humidity and temperature, and employing standardized media like Sabouraud Dextrose Agar, we can ensure that
our indoor spaces remain safe for habitation and productivity. The future of bio-aerosol research lies in the
integration of molecular techniques (QPCR and NGS) alongside these traditional culture-based methods to provide
an even more granular view of the invisible biological world surrounding us.
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