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Air Microbiology 
Aeromicrobiology: is the study of living microbes which are suspended in the air. 

-These microbes are referred to as bioaerosols.  

-There are significantly less atmospheric microorganisms than there are in oceans and in soil, there is still a 

large enough number that they can affect the atmosphere.  

-Once suspended in the air column, these microbes have the opportunity to travel long distances with the 

help of wind and precipitation, increasing the occurrence of widespread disease by these microorganisms.  

-These aerosols are ecologically significant because they can be associated with disease in humans, animals 

and plants. 

-Typically microbes will be suspended in clouds, where they are able to perform processes that alter the 

chemical composition of the cloud, and may even induce precipitation. 

Physical Environment 
-There are many factors within the physical environment that affect the launching, transport and 

deposition of bioaerosols.  

-Particles which become suspended in the air column arise mainly from terrestrial and aquatic 

environments and are typically launched by air turbulence.  

-Winds are the primary means of transport for bioaerosols.  

-Bioaerosols can be deposited by a number of mechanisms, including gravity pulling them down, making 

contact with surfaces, or combining with rain which pulls the particles back down to earth's surface.  

Atmosphere 

-Along with water droplets, dust particles and other matter, air contains microbes.  

-Microbes follow a particular pathway in which they are suspended into the atmosphere. First they are 

launched into the air. The source of the launching of airborne microbes stems from humans, animals and 

vegetation.  

-then they are transported (by various methods including winds, machinery and people) and finally are 

deposited somewhere new.  

-The atmosphere can have a variety of physical characteristics, can be very extreme in terms of the relative 

humidity, temperature and radiation. These factors play a huge role in what kinds of microbes will survive 

in the atmosphere and how long they will stay alive (Pepper 2011). 

Clouds 

One area that bioaerosols can be found in is within clouds. 

Cloud water is a mixture of organic and inorganic compounds 

suspended within moisture (contribution of microbial activity 

to clouds). The conditions in clouds are not conducive to much 

life, as microbes present there must withstand freezing 

temperatures, the threat of desiccation, and extreme UV rays. 

Clouds are also an acidic environment, with a pH ranging from 

3 to 7. Nevertheless, there are extremophile microbes which 

can withstand all of these environmental pressures. Clouds 

serve as a transport for these microbes, dispersing them over 

long distances. 
Microbes exist within the atmosphere, and can be transported within clouds. 
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Physical Environment Stresses 

The atmosphere is a difficult place for a microbe to survive. Desiccation is the primary stress that 

aeromicrobes face, and it limits the amount of time that they can survive while suspended in the air. 

Humidity within the air is a second factor which can affect the survival of organisms. Certain bacteria, 

including Gram+ bacteria, are more tolerant of high humidity in the air, while others are more tolerant of 

desiccation and dry conditions, such as Gram+ cells. Temperature must be in an intermediate range, as too 

hot of temperatures can denature proteins, and too cold of temperatures can cause ice crystal formation. 

Finally, radiation poses a potential hazard for aeromicrobes, as it can damage DNA within the cells. 

(Pepper 2011) 

Microbial Communities 

Many different microorganisms can be in aerosol form in the atmosphere, including viruses, bacteria, 

fungi, yeasts and protozoans. In order to survive in the atmosphere, it is important that these microbes 

adapt to some of the harsh climatic 

characteristics of the exterior world, 

including temperature, gasses and humidity. 

Many of the microbes that are capable of 

surviving harsh conditions can readily form 

endospores, which can withstand extreme 

conditions.  

Many of these microorganisms can be 

associated with specific and commonly 

known diseases. Below are two tables. Table 

1 and Table 2 shows examples. 

Table 1: Examples of Airborne Plant Pathogens. 

Bacterial 

One such bacterial microorganism that can 

resist environmental stresses is Bacillus 

anthracis. It is a gram positive rod shaped 

bacteria that utilizes spore formation to 

resist environmental stresses. The spore is a 

dehydrated cell with extremely thick cell 

walls which can remain inactive for many 

years. This spore makes Bacillus anthracis a 

highly resilient bacteria, allowing it can 

survive extreme temperatures, chemical 

contamination, and low nutrient 

environments. This bacteria is associated 

with Anthrax, which is a severe respiratory 

disease that infects humans.  

Table 2: Examples of Airborne Human Pathogens. 

Fungal 

Another such microorganism that can resist environmental stresses is Aspergillus fumigatus, which is a 

major airborne fungal pathogen. This pathogen is capable of causing many human diseases when conidia 
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are inhaled into the lungs. While A. fumigatus lacks virulence traits, it is very adaptable to changing 

environmental conditions and therefore is still capable of mass infection.  

Viral 

An example of a viral airborne pathogen is the Avian Influenza Virus, which is a single stranded RNA virus 

that can infect a broad range of animal species as well as humans and cause the Avian Influenza.  

Microbial Processes 
The figure on the right depicts the processes that a microbe 

undergoes during its life cycle. The microbes undergo the 

emission process, in which they are emitted from surfaces 

such as water, soil or vegetation and become airborne and 

transported into the airstream. The red boxes indicate some 

of the harsh environmental conditions that the microbes must 

withstand while airborne. The microbes that are able to 

withstand and survive these environmental pressures are the 

more resistant varieties. The microbes make it into clouds, 

where they can begin the breakdown of organic compounds. 

Finally, the microbes are "rained" out of the clouds through 

wet deposition, and they begin colonization of their new 

location.                   

                                 Life cycle of microorganisms in the atmosphere. 

Droplet Formation 

The emission process mentioned above, in which microbes are lifted in the air often involves microbes 

being suspended in droplets, which are large enough to keep the microbes hydrated and large enough to 

maintain a virulent amount of pathogen, but are still small enough to stay suspended in the air. 

Current Research 
Studies about bioaerosols are difficult to conduct because identifying specific microbes and fungi in the air is a 

daunting task. One study conducted by Mark Hayes and associated looked into the feasibility of identifying specific 

particles in the air using fingerprinting techniques. It discussed sampling and analysis techniques that can help to 

identify cellular material. This is important because the particles in the air are information rich and can tell us a lot 

about where they originated or certain biochemical information about the organisms (Hayes 2012).  

A great deal of the research conducted on bioaerosols studies their effects on humans, since human disease is one of 

the effects of bioaerosols. One such study conducted by Brandl and associates studied the distribution and dynamics of 

particles within the air in a lecture hall. Knowing what is in the air is important as human mortality rates increase with 

the rise of airborne particulate populations (Brandl 2008). 

Additionally, people are continually spending more time indoors, and knowing what exists within the air they breathe 

is important. This study found that bioaerosol populations were highest when there were a great deal of students in the 

hallways and the lecture area, proving that humans are a vector for the transport of bioaerosols.  

Another study conducted by Vinni Hansen looked into components in both greenhouses and open fields to see which 

affected the levels of fungal bioaerosols. This study was conducted primarily to determine which is more detrimental 

to farmworkers. The study concluded that the bioaerosol levels were related to the environment, the work tasks, and 

the vegetable crops.  

the origin of microorganisms in air. 

- Microbes normally found in atmosphere within 300-10000 feet above from the land. 

- Fungal spores which are found in air consist of Alternaria, Cladosporium, Penecillium and Aspergillus 

found above 4000 feet from the land, found in both polar and nonpolar air masses. 



College of Science                                                 Dr. Muthanna Al-Mahdawi 

Department of Biology                                Microbiology 2/Air Microbiology   

4 

 

- Organisms found below 500 feet is mainly in overpopulated area, these include spores of Bacillus and 

Clostridium, ascospores of yeast and fragments of mycelium, mould, streptomycetaceae, pollen, protozoan 

cysts, algae, Micrococcus and corynebacterium. Air found in school and hospital or living places of the 

person suffered from infectious disease usually found microbes like tubercle bacilli, streptococci and 

pneumococci. 

The characteristics of atmosphere as a habitat include extreme temperature variations, light, 

temperature, low amount of available water and organic water. All these characters make the atmosphere 

unsuitable for growth of microorganisms. Usually most of the organisms are found in the lower region of 

atmosphere. The air in the atmosphere is often exposed to sunlight thus it contains less moisture and higher 

temperature. Thus if the microorganisms are not protected from desiccation, almost most of the organisms 

will die.  

The origin of the microorganisms takes place through various ways. Soil is one of the source to 

transfer microorganisms to the air. Whenever the wind blows it disturbs the microorganisms and liberate 

them into the air and these microorganisms remains suspended in the air for long time. Another way of 

transferring microorganisms to the air is by manmade actions like plugging and digging. Organisms can 

also be released in the form of water droplets or aerosols which are produced by wind or tidal actions. 

Microorganisms from plant and animal surfaces are also transferred by air currents. But the main source 

of microorganisms is human beings. These are discharged through human activities like coughing, 

sneezing, laughing and even talking.  

Air micro flora significance in human health: 
Human being inhales air every moment. Even most of the microorganisms present in air are 

harmless but still less than 1% of the airborne bacteria is pathogens. Outdoor air mostly does not contain 

disease causing path1ogen whereas indoor air has more chances of infections especially in large gatherings 

like theaters and schools. 

Food processing: Microorganisms transferred through various methods in air and are settled on 

various materials are involved in various fermentation products like alcoholic beverages, vinegar, dairy 

products etc. In Industrial processes which requires growth of any particular organisms, getting supply of 

sterile air free from contamination is a problem. 

Food products: are either animal or plant origin. Some bacteria cause food poison. Clostridia cause 

toxins in meat and meat products. Staphylococci produce infection in fish products. Salmonella cause 

infection through milk, eggs and salads. All of these are happened only when the unhygenic handling of 

food stuffs.  

Microbial biofilms also act as a significant one, it appears in food and food contact surface, if 

microorganisms are not removed from the surface it create biofilms will be hazard to consumers. 

The microbiology of air is significant in many places such as hospitals, food processing, air 

conditioning and many other places.  

Air Microflora Significance in Hospitals and Source, significance, and control of indoor microbial 

aerosols human health aspects both give examples of the significance. 

The bio-aerosol in hospital indoor air is highly influenced by the number of occupants, their activity and the 

ventilation. Since exposure levels are high, this may be an issue in the immunocompromised patients. 

Significance of microbes in public health: Microorganisms produce a lot of disease, especially in hospitals 

nosocomial pathogens cause nosocomial pneumonia. MRSA (methicillin resistant Staphylococcus aureaus) and 

Gentamicin resistant gram negative bacteria are found to be serious in nowadays ,it transmitted either by contact or 

by airborne spread 
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Airborne microorganisms 

• the methods used to monitor spore populations in the air  

 

During a sneeze, millions of tiny droplets of water and mucus are expelled at about 200 
miles per hour (100 metres per second). The droplets initially are about 10-100 
micrometres diameter, but they dry rapidly to droplet nuclei of 1-4 micrometres, 
containing virus particles or bacteria. This is a major means of transmission of several 
diseases of humans, shown in the table below. 

Some important diseases of humans transmitted from person to person by 

inhaled airborne particles 

Virus diseases 

(virus type in brackets) 

Bacterial diseases 

(bacterial name in brackets) 

Chickenpox (Varicella) Whooping cough (Bordetella pertussis) 

Flu (Influenza) Meningitis (Neisseria species) 

Measles (Rubeola) Diphtheria (Corynebacterium diphtheriae) 

German measles (Rubella) 
Pneumonia (Mycoplasma pneumoniae, 

Streptococcus species) 
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Mumps (Mumps) Tuberculosis (Mycobacterium tuberculosis) 

Smallpox (Variola)   

Several other diseases, below, are acquired by inhaling particles from 

environmental sources, not directly from an infected person. 

Disease Source 

Psittacosis (Chlamydia psittaci) 
Dried, powdery droppings from infected birds 

(parrots, pigeons, etc.) 

Legionnaire's disease (Legionella 

pneumophila) 

Droplets from air-conditioning systems, water 

storage tanks, etc., where the bacterium grows. 

Acute allergic alveolitis (various fungal 

and actinomycete spores) 

Fungal or actinomycete spores from decomposing 

organic matter (composts, grain stores, hay, etc.) 

Aspergillosis (Aspergillus fumigatus, A. 

flavus, A. niger) 

Fungal spores inhaled from decomposing organic 

matter 

Histoplasmosis (Histoplasma capsulatum) 
Spores of the fungus, in old, weathered bat or bird 

droppings 

Coccidioidomycosis (Coccidioides 

immitis) 

Spores in air-blown dust in desert regions (Central, 

South and North America) where the fungus grows 

in the soil 

Air-sampling methods 

Air sampling is used routinely to  
-monitor the populations of airborne particles, and to inform the public about air quality 
and pollen/spore counts through public broadcasting (weather reports, etc.). 
-It is used by major hospitals to monitor the populations of specific allergenic particles 
(fungal spores, etc.), so that the causes of patients' allergies can be determined. And  
-it is used in crop pathology for disease-forecasting, so that growers can apply 
fungicides as and when required. 

The three major types of sampling device for detecting fungal spore loads in air: 
• the Rotorod sampler 
• the Burkard sampler 
• the Anderson sampler.  

The Rotorod spore sampler 

The rotorod sampler (Figure C below) is a cheap, simple and portable air sampler. It 
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consists of a U-shaped metal rod attached by a spindle to a battery-powered electric 
motor. The motor causes the upright arms of the metal rod to rotate at high speed. 
-To use the sampler, the upright arms are covered with narrow strips of sticky tape, so 
that any spores in the air will impact onto the tapes. Then the tapes are removed and 
examined microscopically to identify the spores and other particles such as pollen grains 
in the air. Some examples are shown in Figures D and E.  

 
Figure C: Rotorod sampler. Figures D, E: Pieces of sticky tape on which spores and other 
particles were impacted. The identifiable particles include: in D, an ascospore (as), a hyaline 
(colourless) fungal spore (h) and a conidium of the common leaf-surface fungus Cladosporium 
(c); in E, multicellular conidia (resembling snowshoes) of a common leaf-surface fungus 
Alternaria (a), conidia (c) and hyphal fragments (ch) of Cladosporium, and a large hyaline spore 
of a powdery mildew fungus (m). 

This type of sampler is most effective for trapping relatively large particles (upwards 
of about 7 micrometres) such as the larger fungal spores and pollen grains. The reason 
for this is shown in Figure F below. 

 

When air is travelling towards an object such as a narrow cylinder, or vice-versa, it is 
deflected around the object. Any particles in the air will tend to continue along their 
original trajectory, but their ability to do this (and to impact onto the object) is 
governed by their momentum (defined as mass x velocity). At any given air speed, the 
heavier particles are most likely to impact (a in the diagram) whereas smaller (lighter) 
particles are likely to be deflected round the object. Very high air speeds would be 
required to impact the smaller particles (b in the diagram), and such air speeds are 
seldom found in natural conditions. 
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In practice, therefore, fungal spores and other airborne particles can be grouped into 
two broad categories - those that can impact on surfaces (impactors), and those that 
are smaller and are only removed from the air by sedimentation in prolonged calm 
conditions or that are removed from the air by rain. 

One of the advantages of the rotorod sampler is that it can be used to precisely locate a 
source of spores of a particular fungus. The famous aerobiologist, PH Gregory, did this 
in the 1950s by placing rotorod samplers at different positions in a field and "homing in" 
on a source of spores of the fungus Pithomyces chartarum, which causes a condition 
known as facial eczema of sheep.  

Many important pathogens of crop plants have large spores that impact readily onto 
plant surfaces to initiate infection. Examples include powdery mildew of wheat, Erysiphe 
graminis (Figure G, with spores about 30 micrometres long) and loose smut of wheat, 
Ustilago tritici (Figures H, I). This smut disease is characterised by a mass of black 
spores where the grain would normally be produced. These spores are 8-10 
micrometres diameter. (See Biotrophic pathogens). 

 

 

The Burkard spore trap 

The Burkard spore sampler acts on the same principle as the rotorod sampler, but is 
used to give a continuous record of particles in the air over a period of 24 hours or up to 
7 days. The apparatus (Figures J, K) consists of an air-sealed drum that contains a 
clockwork rotating disc (arrowhead in Fig. K) which makes a single revolution in 7 days. 
The surface of this disc is covered with adhesive tape, to trap spores that impact onto it. 
When the apparatus is assembled, air is sucked into the drum at high speed through a 
slit orifice (arrowhead in Fig J) by means of a motor at the base of the apparatus. Any 
particles in the air impact onto the sticky tape near the slit orifice, giving a record of the 
particles in the atmosphere at a specific time of day. At the end of a 7-day run, the tape 
is removed, cut into sections representing hourly or daily periods, then examined 
microscopically. 

In this way, it is possible to distinguish clearly between night-released and day-released 
spores or other particles, and also to relate the types of particle to different weather 
conditions (e.g. humid or dry periods) while the apparatus was running. The Burkard 
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spore trap is commonly used for continuous monitoring of spore or pollen loads in the 
air. For example, these traps are commonly sited on hospital roofs, meteorological 
stations, and other public buildings, and provide public information through TV and radio 
broadcasts.  

The principle is exactly the same as in the rotorod sampler because the trapping of 
particles is based on impaction. The limitations also are the same: only the larger 
particles with sufficient mass will impact on the tapes at the air speeds generated by this 
type of sampler. 

 

Figures J-K. The Burkard spore sampling device, shown in assembled form (J) and 
during preparation (K). 

The Anderson sampler 

The Anderson sampler (Figure L) is an ingenious device for selectively trapping 
different sizes of particles according to their size (momentum). This sampler consists of 
a stack of 8 metal sections that fit together with ring seals to form an air-tight cylinder. 
Each metal section has a perforated base (see Figure N), and the number of 
perforations is the same in each section, but the size of these perforations is 
progressively reduced from the top of the column to the bottom. To use this sampler, 
open agar plates are placed between each metal section, resting on three studs (shown 
as arrowheads in Figure N).  
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Figures L, M. The Anderson air sampler, shown in a laboratory (L) and mounted with a 

wind-vane in a field site (M). 

When fully assembled (with an open agar plate between each unit) an electric motor 
sucks air from the bottom of the unit, causing spore-laden air to enter at the top 

(arrowhead in Figure L) and to pass down through the cylinder. The path taken by this 

air is shown in Figure O, below. 

 

Air sucked in at the top of the column travels at relatively low speed towards the first 
agar plate, and so only the largest particles impact onto the agar surface. The air then 
travels round the edge of the agar plate and through the perforations to the second agar 
plate, and so on. As this process continues down the stack, the same volume of air is 
forced to travel through successively smaller perforations, and so the air speed is 
progressively increased. The progressively increased air speed lower down the column 
raises the momentum of the air-borne particles, so that even the very smallest particles 
(less than 3 micrometres diameter) can impact onto the lower agar plates. 

When the sampler has run for 5-15 minutes or more, the metal plates are separated and 
the Petri dishes are removed for incubation to identify the colonies that develop. 
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Figures P-R (below) show some examples of agar plates from an Anderson sampler. In 
this case the air sample contained spores from mouldy hay, and the agar plates were 
incubated at 37oC.  

 

Figure P: An agar plate from the bottom level of an Anderson sampler. The colonies are 
of thermophilic actinomycetes (Micropolyspora faeni or Thermoactinomyces vulgaris) 
that are common causes of Farmer's lung disease (extrinsic allergic alveolitus). 
Actinomycete spores are very small (1-2 micrometres) so they commonly enter the 
lungs. They form dense, slow-growing colonies on agar, and the pattern of colonies 
seen on this agar plate reflects the pattern of the perforations through which the air had 
passed. This Figure also shows how a divided (three-sectored) Petri dish can be filled 
with different agar media to detect different types of organism in the air. Figures Q and 
R show agar plates from the midlle part of the Anderson sampler, where several species 
of Aspergillus and Penicillium have developed from spores about 3-5 micrometres 
diameter. 

One of the interesting features of the Anderson sampler is that it mimics the deposition 
of spores (or other ariborne particles) in the human respiratory tract (see Figure O). For 
example, relatively large fungal spores and pollen grains tend to be trapped on the 
mucus-covered hairs of our nostrils, where they can cause "hay fever" symptoms in 
sensitised individuals. Smaller particles are not trapped in the nostrils but instead are 
carried down into the bronchioles and alveoli. Here the air speed is very low, because 
the successive branching of the respiratory tract has reduced the air speed to a 
minimum. But spores of about 2-4 micrometres diameter can settle onto the mucosal 
surfaces of the alveoli. Some of these spores are important in initiating infections of the 
lungs. However, it is important to note that the underlying mechanisms of spore 
deposition in the Anderson sampler are entirely different from those in the human 
respiratory tract - the Anderson sampler traps spores by impaction, whereas spores are 
deposited in the human respiratory tract mainly by sedimentation.  

 

The human respiratory tract as an air-sampling device 

The respiratory tract is highly effective in trapping airborne particles, with sometimes 
serious consequences for health. The mechanisms involved depend on particle size. 

1. Large particles (about 10 micrometres) have sufficient mass to impact onto surfaces, 
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even at low air speeds. They break free from the air as it flows around obstacles. During 
normal breathing, the airflow in the nose and trachea is about 100 cm per second - 
sufficient for pollen grains and larger fungal spores (Alternaria, etc.) to be retained on the 
mucosa, where they can cause typical hay fever symptoms like rhinitis and asthma. 
 
As we have seen, these are the types of particle - the "impactors" - detected by the 
rotorod and Burkard samplers, and also found on the top plates of the Anderson 
sampler. 

2. Smaller particles do not impact at these air speeds, and the air speed decreases as the 
repiratory system branches further down. So all the particles of 5 micrometres or less are 
carried deep into the lungs. There they can settle out by sedimentation in the brief 
periods when the air is calm between successive breaths. Particles of 2-4 micrometres 
are optimal for alveolar deposition, and this range includes the spores of many 
Aspergillus and Penicillium species. 
 
This is how some of the serious fungal infections of humans are initiated - aspergillomas, 
Histoplasmosis, Coccidioidomycosis, etc. 

3. Even smaller particles, such as the spores of actinomycetes (about 1 micrometre) are 
less efficient at being deposited in the alveoli, but repeated exposure to spore clouds by 
agricultural workers can lead to sensitisation and extrinsic allergic alveolitis (Farmer's 
lung, etc.) 

4. Very small particles, less than about 0.5 micrometres, do not impact but are moved by 
diffusion (Brownian motion) which brings them randomly into contact with surfaces in 
the lungs. This is true of the fine dusts that cause many occupational diseases. 

Where do the bacterial and viral pathogens fit into this scheme? 

The nasopharyngial infections by viruses are associated with large sneeze droplets 
which impact in the upper airways. Most bacterial diseases also are initiated in the 
upper airways, when bacteria are carried in large droplets or on "rafts" of skin that 
impact onto the mucosa. However, infections by Mycobacterium (tuberculosis) and 
Bacillus anthracis (anthrax) are initiated in the lungs. These are highly virulent 
pathogens, and even single cells or spores (about 3 micrometres for Bacillus) can 
initiate infections after deposition in the alveoli. 

 


