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I. Rationale for Monitoring Airborne Viable Microorganisms in an Office

Environment: It is recommended that aerobiological sampling be initiated

only after medical or clinical reports indicate the possibility of

workplace-related illness that may be due to bioaerosols. It should be

recognized that these types of illnesses may be caused by a diverse array

of agents including bacteria, actinomycetes, and fungi [15,19]. Dose

response data between exposure to those agents and human illness are

unavailable. Nevertheless, the quantitative measurement of viable

microorganisms, as described herein, is recommended as an initial step in

assessing the hygienic status of an office environment.

II. Sampling Strategy

A. Objective: The primary objective of sampling is to identify the

source of airborne microorganisms so that corrective action may be

undertaken.

B. Presumptive Sources: OUtdoor air; components of the heating,

ventilation and air-conditioning (HVAC) system; office furnishings

and equipment; portable appliances; occupants.

C. Sampling Duration: For most situations 3 to 6 minutes sampling

3
duration is adequate or at least 0.1 m of air should be

sampled. As a minimum, duplicate samples should be obtained for

each culture medium at each location for each variable that may

affect bioaerosol levels (e.g., humidifier on or off; fan coil unit

operating with dirty or clean filter).

D. Where to Sample:

1. Near potential sources such as diffusers, fan coil units,

office furnishings, and portable appliances; within return

chase and air supply plenum of HVAC system; near occupants.
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2. For comparison, in the outdoor air away from obvious sources

of bioaerosols and in offices where occupants do not have

building-related illness.

E. When to Sample: Sampling should be carried out:

1. Before the HVAC system is turned on and before occupants

arrive for work.

2. Before occupants arrive for work at a time when the HVAC

system is operating.

3. At the time of maximal occupancy (HVAC system on).

4. After occupants leave (HVAC system off).

5. In relation to changes in HVAC system operational parameters

or other building and office variables.

F. Quality Assurance: CUlture media must be checked for sterility;

culture plates must be inserted into sampler but not otherwise

exposed to air flow through instrument; temperature of incubators

must be checked; some culture plates should be inoculated with test

organisms to assure laboratory quality control.

III. CUlture Media

A. CUlture Plates: Use sterile 100 x 15 mm plastic Petri dishes and

add 45 ml of media [4] or use sterile glass Petri dishes and add 27

ml of media [3].
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20 g

1 g

20 g

20 g

Peptone

Dextrose

Agar

B. Media for detection and enumeration of fungi: malt extract agar ­

ingredients per liter.

Malt extract

C. Media for detection and enumeration of bacteria and actinomycetes.

BBL tripticase soy agar or equivalent - 40 g per liter.

D. Additional Media: Other media for the culture of fungi, bacteria,

and actionmycetes may be used. However, equivalency to the media

listed in Section III 2-3 in terms of supporting growth of

. microorganisms collected in an office environment should be known

(See Reference 6).

IV. Sampler Selection. Calibration. and Disinfection

A. Sampler Selection

1. U6-Andersen: The Andersen viable impactor is considered to be

a standard instrument for collection of airborne viable

particulate in environments (like offices) where the

concentration of bioaerosols is normally low [5]. A modified

version of the Andersen sampler [referred to as UIOSH-6 (U6)]

procedure [13] is used in place of the original multistage

impactor [3]. A Petri dish containing culture media is placed

on top of the instrument base plate. Stage 6 (only) is then
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placed on top of the base plate (spring clamps previously

removed from base plate). stage 6 is then sealed to the base

plate (electrical tape does well). The standard Andersen

inlet is not used. For further details see reference 13.

2. Use of other Impactors: The utility of other viable impactors

such as the Spiral Air System, Biotest, and Microban

instruments is recognized especially where portability of the

sampler is of importance with regard to the sampling

strategy. These as well as other impactors may be used in

place of the N6 sampler. However, their collection efficiency

relative to the N6 instrument should be known. This may be

accomplished by reference to manufacturer's information or

published data [12]. If the efficiency of other instruments

is significantly different than the N6 sampler, data should be

adjusted to reflect airborne concentrations that would have

been obtained if the N6 sampler had been utilized. In cases

where medical reports indicate illness due to a lower or

distal airways exposure, size classification of collectate

into respirable and nonrespirable particulate may also be

desirable [3,11].

3. Other Sampling, Methods: Aerosol sampling devices which

operate on the principles of filtration and impingement have

many successful applications in aerobiology [7], but they are

not recommended for this application because: very low
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counts are expected in most office environments; results

obtained with impingers are not directly comparable with

impactor data; and there is loss of viability of some

organisms collected on filters.

B. Sampler Collection: Samplers must be calibrated to recommended air

flow rates. Air flow rate through samplers should be checked on a

daily basis during use in the field.

C. Sampler Disinfection: Ideally the sampler sieve plate should be

sterilized before use at each sampling location. For use in the

field decontamination by immersion in 7~ ethanol for one minute

will suffice. Excess ethanol should be drained away and the sieve

plate should be allowed to dry thoroughly uncovered before use.

other methods of disinfection as recommended by manufacturers are

acceptable. It is advisable to clean the sampler and inspect sieve

plate jets for blockage at the end of each day.

V. Handling and Processing of Collectate

A. Obtain input of microbiologist or consultant experienced in

microbiological techniques. Make arrangements for sample analysis

with a microbiological laboratory that is experienced in the

handling and processing of airborne microorganisms prior to the

initiation of sampling.

B. Obtain information on the procedures to be used for shipping and

transport of collectate to the microbiological laboratory.
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C. For enumeration of counts leading to the determination of total

colony-forming units (CFUs) per m
3

, inform laboratory that there

are 400 possible impaction sites (&6 sampler) for colony growth on

culture plates utilized. Avoid counting duplicate colonies at

single impaction sites. Avoid counting colonies that grow at sites

other than the 400 impaction locations. For example, do not count

colonies found along the margin of the culture plate or between

obvious impaction sites. Adjust raw colony counts by using the

positive hole table (table 1).

D. Total CFU per m3 is determined as follows:

Total CFU/m3 = Adjusted* number of colonies on plate
Total volume of air sampled in cubic meters

*Positive hole adjustment [3]

E. Specify that total count measurements for 25
0

C fungi, 35
0

C

bacteria, and 550 C actinomycetes be made by the laboratory. The

industrial hygienist should provide data to the laboratory on the

air volume sampled in obtaining collectate. The laboratory is to

3provide a report on the total CFU per m of viable particulate

(average CFU per m3 of 250 C fungi plus average CFU per m
3

of

o 30.)35 C bacteria plus average CFU per m of 55 C act1nomycetes

at each sample site before proceeding with more analysis.

Alternatively, the laboratory can provide the industrial hygienist

with average plate counts for each sampling site and the industrial

hygienist can calculate the total viable count.
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VI. Interpretation Data

A. If total count at complainantts location equals or exceeds 104

per m3 proceed to remedial actions in part VII. Proceed to part

VI.B if total count is less than 10
4

per m
3

or if total count

is equal to or greater than 104 per m3 and clinical or research

aspects of study would benefit by identification of etiologic agent.

B. Identification of microorganisms in collectate

1. Fungi: Specify that the laboratory identify and enumerate

(CFU per m
3

) the following fungi that may be present in the

collectate:

Cladosporium spp.

Alternaria spp.

Aureobasidium spp.

Penicillium spp.

Mucor spp.

Stachybotris spp.

Aspergillus spp.

Other fungi

The presence of high levels of fungi or one or two types of

fungi at complainantts but not at noncomplainantts or outdoor

locations may indicate a building-related source. Proceed to

remedial actions in section VII.
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2. Bacteria: As an initial screen specify that the laboratory

3
identify and enumerate (CFU per m ) the following:

Gram positive cocci

Bacillus spp.

Gram negative rods

other predominant bacteria

High levels of Bacillus spp. or gram negative rods at the

complainant's as opposed to other indoor sites may indicate a

buildng-related source. Proceed to remedial actions in

Section VII or continue analysis of bacteria (below). As a

second screen specify that the laboratory identify and

3
enumerate (CFU per m ) the following:

Staphylococcus aureus

Staphylococcus epidermidis

Other Staphylococcus spp.

Streptococcus salivarius

Other Streptococcus spp.

Corynebacterium spp.

Aeinetobacter spp.

Pseudomonas spp.

Micrococcus spp.

Other bacteria

High levels of one or more of these bacteria at complainant's

but not at noncomplainant's locations may be indicative of a

problem. For example, airborne Streptococcus salivarius has

been suggested as an indicator of respiratory pollution [23].



9

Obtain from the laboratory a report listing the types of

potentially pathogenic bacteria found at each sampling site.

Proceed to remedial actions in Section VII.

3. Actinomrcetes: Specify that the laboratory identify and

( 3) .•enumerate CFU per m the follow1ng act1nomycetes that may

be present in the collectate:

Thermoactinomrces vulgaris

Micropolrspora faeni

Other actinomycetes

The presence of the two aforementioned actinomycete species in

indoor environments has been associated with outbreaks of

hypersensitivity lung illness (10). Proceed to remedial

actions in Section VII.

VII. Recommendations for Remedial Actions [1,16-18) and types of

Microorganisms (Fungi = F, Bacteria = B, Actinomrcetes = A) Affected

A. Source Control: Sources of microorganisms should be removed. The

following actions are recommended.

1. Remove stagnant water and slimes from building mechanical

systems (F,B,A).

2. Eliminate water spray systems in air handling units (B,A).

3. SUbstitute steam for cold water in humidifiers (F,B,A).

4. Eliminate the use of cold mist vaporizers (F,B).

5. Prevent water leaks or floods (F,B,A).

6. Keep indoor relative humidity below 70~ (F).
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B. Dilution Control

1. Replace HVAC system filters at scheduled intervals (F,B,A).

2. Upgrade the collection efficiency [2] of air handling unit

filter banks.

3. Provide adequate amounts of suitable outdoor air to reduce

levels of microorganisms that may be shed by occupants (B).

C. Administrative Control: Affected or sensitized personnel may have

to be reassigned to another work environment.

VIII. Additional Tests

If the aforementioned sampling protocol and analytical procedures for

airborne viable microorganisms fails to identify the source of

bioaerosol contamination then consider sampling for each of the

following: nonviable spores [14,22], protozoans [9], mycotoxins [8],

endotoxins [21]. and submicron particulate antigens [20].
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