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Introduction

The first article in this series briefly discussed

referencing an airborne concentration of fun-

gal spores to a statistical database.  This article

discusses the use of databases in more detail.

In addition, summary data for two typical data-

bases are included in the article as examples.

When a single airborne concentration is

measured, it is just one small part of a distri-

bution of possible concentrations that could

have been measured.  An important differ-

ence is that the measured concentration can

change significantly between samples, but

the distribution from which the sample was

drawn can be rather stable.  If the distribu-

tion is stable, it provides a reference for eval-

uating site-specific sample results.  For exam-

ple, the site-specific concentration can be

characterized as low, moderate, high, or

extreme relative to the expected distribution

of concentrations. 

Note: The 50th percentile concentration means

that 50 percent of all sample results are expect-

ed to be less than that concentration — a typi-

cal concentration.  The 95th percentile concen-

tration means that only 5 percent of all sample

results are expected to exceed that concentration

— an unusually high concentration. 

A second advantage of characterizing the dis-

tribution of concentrations is that extreme

concentrations can be compared as well as

average concentrations (although with less

confidence).  This is important because

adverse health effects are typically associated

with exposures to extreme concentrations,

not average concentrations.  The 95th per-

centile concentration of Aspergillus versicolor

is more likely to cause an adverse health reac-

tion than the 20th percentile concentration.    

For example, what is the significance of an

airborne concentration of 240 colony form-

ing units per cubic meter (cfu/m3) of

Aspergillus versicolor?  It’s difficult to even

guess, because there isn’t any point of refer-

ence.  But, what if I can convince the reader

that this is the 95th percentile concentra-

tion?  Does that make it easier to assess that

particular sample result?

Airborne Fungal Spores

The data presented in this section describe

the lognormal distributions for

Cladosporium, Aspergillus/Penicillium

(Asp/Pen) type spores, and Total spores meas-

ured indoors.  The data in Table 1 are for 51

individual airborne samples collected using

the Air-O-Cell cassette. 

Cladosporium was detected in 47 samples

and Asp/Pen type spores in 40 of the 51 sam-

ples.  The percentile concentrations, the

average concentration, the geometric mean

(GM) concentration, and the geometric stan-

dard deviation (GSD) are included for each

distribution. 

The data, as an example, can be interpreted

as follows.  Airborne concentrations that are

equal to or less than the 75th percentile con-

centration might be considered in the nor-

mal to moderate range.  Concentrations

between the 75th percentile and the 90th

percentile might be considered to be elevat-

ed, and those higher than the 90th percentile

might be considered to be significantly elevated. 

Half (50 percent) of the indoor samples

in Table 1 are expected to have a

Cladosporium concentration of 607

spores/m3 or less; and almost all of the
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samples are expected to have a

Cladosporium concentration of less than

5,888 spores/m3. 

The Asp/Pen data from Table 1 were dis-

cussed in the previous article.  The maxi-

mum measured concentration was listed

as 2,640 spores/m3, which was true.  The

concentrations in Table 1 are calculated

values representing the expected percentile

concentrations, and may exceed the high-

est observed concentrations. 

Airborne Culturable Fungi

The data in Table 2 are for 60 individual air-

borne samples collected indoors using the

N6 Impaction Sampler with malt extract

agar ( MEA) culture plates. Cladosporium

was detected in all 60 samples, Aspergillus

species (Asp. spp.) in 41 samples, Penicillium

species (Pen. Spp.) in 51 samples, and

Aspergillus versicolor (A. ver.) in 19 samples. 

One investigation concerned a single family

house with three children in bed with cold and

flu-like symptoms.  In addition, all three chil-

dren had bloody rhinitis, suggesting the possi-

bility that cytotoxic fungi were present in the

indoor air.  The airborne samples averaged 900

cfu/m3 of Aspergillus versicolor and 400 cfu/m3

of Stachybotrys chartarum - both considered

cytotoxic fungi.  In addition, the airborne

concentrations of both fungi were well above

their 99th percentile concentrations.  

This was one of the rare times that I have

recommended that occupants be removed

from their environment.  I’m not familiar

with any published data indicating what are

considered hazardous concentrations for

these fungi.  Therefore, The database was

crucial in supporting my recommendation.

First, without reference to my database, I

would not have had any way to support this

recommendation; or to determine that these

concentrations were extreme.  Second, once I

was able to establish that the concentrations

were extreme, it was easier for an attorney to

associate the adverse health effects with the

extreme concentrations that were detected.  

Exposure Assessments

The book Bioaerosols: Management and

Control (J. Macher, Ed., ACGIH) is often

referred to as “the” primary reference for

microbial investigations.  It is that, and it

contains a wealth of information.  However,

as an industrial hygienist, I am generally

asked for two products — an exposure

assessment and/or a scope of remediation.    

When asked to perform an exposure assess-

ment, I often refer to the American

Industrial Hygiene Association (AIHA)

Exposure Assessment Strategy, part of which
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agricultural products for mycotoxin contami-

nation,13 it should be clarified that these are

tests that actually measure the mycotoxins

directly, rather than indirectly measuring

antibodies against mycotoxins in environ-

mental samples.  Any attempt to describe the

approval of such environmental ELISA tests

as evidence of the general acceptance of the

method as a biomarker of exposure to myco-

toxins in humans would be a mischaracteri-

zation.  Given that there are many different

types of ELISA methods and applications in

which the technique is utilized in medicine

and in other applications, the emergence of

mycotoxin antibody testing in the legal set-

ting is likely to present challenges to attor-

neys, experts, and factfinders in cases involv-

ing mold, mycotoxins, and personal injuries.
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was described in this article [A Strategy for

Assessing and Managing Occupational

Exposures, 2nd Ed.; J. Mulhausen, J. Damiano;

1998 (aiha.org)].  This is a detailed, systemat-

ic method for assessing exposures, and works

quite well for most environmental contami-

nants, including fungi.

Summary

It should be obvious that I am the only con-

sultant in possession of the specific data pre-

sented in this article.  Therefore, the distri-

butions, although “real”, should be viewed as

examples.  In order to be useful in a practical

sense, consultants may have to establish their

own databases.  The distributions of concen-

trations would then be specific to the sea-

sons, sampling methods, laboratory, types of

properties, and geographical areas they actu-

ally sample. 

I believe it would be beneficial for microbial

consultants to establish these databases, and

even share them through publication.  If for

no other reason, analyzing the data gives the

consultant,  attorney, and property manager

an intuitive feel for airborne concentrations.

It then becomes easier to judge whether a

particular airborne concentration is high,

moderate, or low.  

Remember, “to assess” means “to determine

the significance of”.  In the absence of con-

sensus guidelines, the AIHA Exposure

Assessment Strategy, part of which was

described in this article, is the only practical

method that I am aware of for assessing air-

borne fungal concentrations.
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