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CHAPTER 3 
TOTAL AIRBORNE FUNGAL SPORES 

Chapter Summary 

The four parameters affecting data quality that are discussed include sampler selection, sampling 
time, data-interpretation methods, and the advantages of assessing distributions rather than 
concentrations. 

The performance of slit-impaction cassettes and filter cassettes are compared for the collection of 
total airborne fungal spores.  The objective was not to promote the use of one sampler over 
another, but to inform the IEP about the characteristics of the sampler they are currently using. 

The retention efficiency for a fungal spore is the product of the aspiration efficiency [ability of 
the sampler to capture the spore] and the collection efficiency [ability of the collection 
medium to retain the captured spore].  The retention of Asp/Pen-like spores by AOC slit-
impaction cassettes decreased with concentration compared to the BA filter cassette.  The 
average concentration for Chaetomium was 8- and 20-times higher for the BA filter cassette 
compared to the AOC slit-impaction cassette.   

Short-term samples may adversely affect the ability to (1) detect a problem environment, (2) 
adequately assess property condition, and (3) assess occupant risk.  The collection of short-term 
(5-10 min) samples results in a lower probability that peak concentrations will be captured, 
increases the probability of reporting a false negative, and may result in a poor estimate of the 
average concentration.   

Airborne samples have been characterized as �not worth collecting� because the results are too 
variable to interpret.  This characterization may apply to short-term airborne samples, but may 
not apply to long-term samples. 

IAQ investigators perform assessments of both property condition and occupant risk.  These two 
broad categories of activity may require the use of different sampling methods; and a different 
quality of field data.  Slit-impaction cassettes were adequate for assessing the condition of a 
property, but were less useful for assessing occupant risk.  Filter cassettes were useful for 
assessing both condition and occupant risk.      

The Reference Method, comparing indoor concentrations of airborne contaminant spores to 
outdoor concentrations, had little utility.  However, comparing distributions of concentrations 
was applicable to both contaminated and uncontaminated properties, in both commercial 
and residential properties.   

This document is an excerpt from The Collection and Interpretation of Indoor Samples: A Comparison of 
Methods by Dr. Joe C. Spurgeon. To purchase the full text, which covers carpet dust samples, wall cavity 
samples, soft surface samples, QPCR analysis and more, please visit www.expertonmold.com.

http://www.expertonmold.com
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3.0 INTRODUCTION 

Fungal spores are commonly collected using slit-impaction cassettes of various designs.  For 
example, the Air-O-Cell® (AOC) and Allergenco-D® (AL-D) cassettes.  Although filter cassettes, 
such as the 25 mm PCM filter cassette containing a 0.8 micron MCE filter, are used much less 
frequently to collect mold spore, they are commonly used to collect other types of airborne 
particles asbestos and lead-based paint dust.  In addition, their high retention efficiency for a broad 
spectrum of particles, including mold spores, makes them useful as a reference for comparing 
sampler performance.   

The relative performance of slit-impaction cassettes and filter cassettes was compared in this 
chapter for the collection of total airborne fungal spores.  The comparisons only included data 
collected with two slit-impaction cassettes (AOC and AL-D), the standard 25 mm filter cassette, 
and the 25 mm Bi-Air (BA) filter cassette.(10)  Limiting comparisons to these samplers was not 
intended to be an endorsement of those samplers.  However, since sampler performance was 
compared using field data, the comparisons were limited to the samplers that were used in the 
investigations. 

A second limitation was that some comparisons were based on small sample sizes.  The 
conclusions resulting from those comparisons may best be described as anecdotal, and should be 
viewed as preliminary.  Since sampler comparisons were based on actual field data, larger sample 
sizes were often difficult to obtain.  For example, 50 side-by-side airborne samples were collected 
using the AOC and AL-D slit-impaction cassettes.(11, 12)  However, the 50 replicate samples only 
resulted in four sample-pairs that were suitable for comparison. 

One of the primary objectives of the IEP should be to collect field samples using methods and 
procedures that have the greatest utility for providing high-quality data [defined as data that can 
be interpreted].  The IEP influences the degree to which this objective can be achieved when 
selecting the sampling parameters illustrated in Figure 3-1.  They include sampler selection, 
sampling time, data-interpretation methods, and the advantages of assessing distributions rather 
than individual concentrations. These parameters are discussed in this chapter. 

Figure 3-1. Four sampling parameters that are controlled by the IEP and that affect data 
quality and data interpretation. 
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3.1 ROTAMETERS 

The airflow rate used to collect an airborne sample is frequently measured in the field using a 
rotameter.  The usable range of a rotameter is generally considered to be the center 80 % of the 
scale.  This rule-of-thumb suggests that a 0-30 liter per minute (lpm) rotameter may be used to 
measure airflow rates between 3 and 27 lpm.   A rotameter should be selected that has a range 
that is appropriate for the sampler.  For example:  

 0-5 lpm rotameter with a 0-5 lpm low-volume air sampling pump,
 0-30 lpm rotameter when using a 15 lpm slit-impaction cassette, or
 0-40 lpm rotameter when using an N6 culturable impaction sampler at 28.3 lpm.

Rotameters may be used to measure airflow rates when the air-inlet is at atmospheric (sea level) 
pressure.  If this condition is not met, then a manometer may be included in the sampling train to 
calculate pressure corrections; or, a mass flow meter may be used to measure airflow rates.  A 
typical air sampling train, with the rotameter at atmospheric pressure, is illustrated in Figure 3-2. 

Figure 3-2. Typical sampling train with the inlet of the rotameter at atmospheric pressure. 

Unfortunately, air sampling pumps are sometimes sold with a rotameter attached to the pump. 
First, the scale on these rotameters is usually small, which may result in a large reading error.  
Second, when a sampler is attached to the pump, the rotameter is no longer at atmospheric 
pressure.  As indicated in Figure 3-3, the size of this error may be substantial. 
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Figure 3-3. Error in measuring the airflow rate due to the pressure drop from a Bi-Air filter 
cassette; 2.0 lpm indicated v. 1.0 lpm actual airflow rate. 

Figure 3-3 refers to the sampling train illustrated in Figure 3-2 [air pump, cassette, and 
rotameter], in which a filter cassette is the sampler and the rotameter inlet is open to the air.  The 
rotameter attached to the pump, which is under a partial vacuum, indicates an airflow rate of 2 
lpm; while the rotameter open to the atmosphere indicates an airflow rate of 1 lpm.  This 
represents a 100 % error in measuring the airflow rate.   

The magnitude of the error due to pressure drop may be expected to be in the range of 0.5 lpm 
for a slit-impaction cassette, but 6 lpm for a 25 mm filter cassette containing a 0.8 um MCE 
filter.  This issue may be avoided by attaching a separate rotameter upstream of the sampler 
when calibrating the airflow rate.   

3.2 SAMPLER CHARACTERISTICS 

The objective of this chapter is not to persuade the IEP to use a particular sampler, but rather to 
encourage the IEP to think about the characteristics of the samplers they are currently using.  To 
the extent that an IEP consistently uses a particular sampler, understands the sampling 
characteristics of that sampler, and uses the same laboratory for analysis, the resultant data should 
be internally consistent; and the sample results from different projects should be comparable.  
These are necessary conditions for interpreting field data consistently and reproducibly. 

Deciding to use a particular sampler is a personal decision.  However, the factors that an IEP 
considers when selecting a sampler hopefully go beyond �Well, everyone else uses it�.  The IEP 
should at least be able to rationally defend their selection.  Very broadly, the sampler should fit 
the objectives and/or requirements of the project.  For example, using a slit-impaction cassette to 
collect 5-minute samples may be acceptable when assessing structural contamination in a house.  
However, sampling for an extended period of time using a filter cassette may be prudent when 
investigating suspect conditions in a hospital operating room.   
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The following factors are some of those that the IEP may want to consider when selecting an 
airborne sampler for a project.  However, the first task is to define terms.  In the following 
discussions, what is commonly referred to as �collection efficiency� shall instead be defined as 
�retention efficiency�.  The retention efficiency for a fungal spore shall be defined as the product 
of the aspiration efficiency and the collection efficiency; illustrated in Equation [1]. 

[1] Retention Efficiency = Aspiration Efficiency X Collection Efficiency

The aspiration efficiency is the percentage of a spore-type that is drawn into (aspirated by) the 
sampler, while the collection efficiency is the percentage of the aspirated spores retained by the 
collection medium [adhesive gel, agar, filter, etc.].   

3.2.1 Aspiration Efficiency 

Aspiration efficiency is affected by factors such as spore size, capture velocity [sampling rate], 
wind speed, and sampler orientation.  Capture velocity is the velocity of the air stream at the 
sampler inlet - at the outer surface of the inlet for a slit-impaction cassette, or at the face of the 
cowl for an open-face filter cassette. [The capture velocity is the air sampling rate divided by the 
area of the sampler inlet.]   

In general, aspiration efficiency is high for small spores (Asp/Pen, for example).  But the capture 
velocity has a greater effect on the aspiration of larger spores, with aspiration efficiency often 
decreasing as the airflow rate increases.  Commonly used slit-impaction cassettes operate at an 
airflow rate of 15 lpm, while filter cassettes typically operate at an airflow rate in the range of 1-4 
lpm.  This difference in sampling rate between these two types of samplers may result in different 
aspiration efficiencies for fungal spores, especially larger spores. 

Note: The recommended sampling rate for a particular sampler has been optimized to efficiently 
capture particular spore types (Asp/Pen, Stachybotrys, etc.).  Therefore, using a slit-impaction 
cassette with a recommended airflow rate of 15 lpm to sample a wall cavity at 5 lpm may not be 
the preferred option; and may invalidate the sample result. 

Aspiration efficiency may be especially important when collecting outdoor samples in windy 
conditions; but, depending on the sampler, it may also be a factor in drafty indoor environments.  
For example, the capture velocity of an AOC is about four miles per hour (mph), or about six feet 
per second (6 ft/sec) at an airflow rate of 15 lpm.  Since it is not unusual to encounter wind speeds 
of 15-20 mph, spores may traverse the sampler inlet before they can be captured when sampling 
in windy conditions.   

Figure 3-4 is a comparison of Asp/Pen-like spore concentrations collected at the same location 
over a nine-day period; on four relatively calm days and five windy days.  The spore concentrations 
were typically higher and more variable on calm days.  Windy days resulted in lower 
concentrations and less variability in the data [a small variation in environmental data can actually 
be an indicator of low-quality data].  Presumably, wind velocities greater than 10-15 mph (60-90 
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ft/sec) swept the spores across the inlet too rapidly to be captured.  Anecdotally, the author has 
collected numerous outdoor slit-impaction cassette samples on windy days in which the adhesive-
gel collection medium was essentially clean, with little debris and no spores detected. 

Figure 3-4. Comparison of outdoor Asp/Pen concentrations on four calm and five windy days. 

Sampler orientation may also affect aspiration efficiency, especially when collecting outdoor 
samples.    Most of the air movement at the height of a typical air-sampling tripod is parallel to 
the ground.  Positioning the sampler so that the inlet is perpendicular to the ground (facing up), 
as illustrated in Figure 3-5 for a slit-impaction cassette, while not ideal, results in a constant 
orientation regardless of the wind direction.   

Figure 3-5. Slit-impaction cassette supported in a vertical orientation; cassette supported by 
a drilled aluminum plate attached to a tripod [Option: use Velcro to attach to tripod]. 
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Assume a slit-impaction cassette is positioned on a tripod so that the inlet is horizontal to the 
ground.  A cassette in that orientation would effectively be a unidirectional sampler in moving air.  
The inlet may be facing into the air flow (ideal), or facing away from the air flow (worst case).  
These two orientations relative to the ambient airflow would be expected to result in different 
aspiration efficiencies; and different sample results. 

Comparison. Twelve replicate outdoor samples were collected using a slit-impaction sampler in 
a light breeze.  Six samples were collected with the inlet oriented parallel to the ground, and six 
were oriented perpendicular to the ground.  The average concentration of Cladosporium spores 
was approximately double for the perpendicular orientation, and the relative standard deviation 
[variability] for the perpendicular orientation was lower. 

3.2.2 Collection Efficiency 

A slit-impaction cassette is expected to have a lower collection efficiency than a filter cassette. 
This difference may be explained by the different paths traveled by a spore aspirated by the two 
types of sampler, which are compared in Figure 3-6.    

Figure 3-6. Collection of mold spores by slit-impaction cassettes and filter cassettes.  

The air stream entering a slit-impaction cassette impinges onto a glass slide coated with an 
adhesive gel, which is positioned perpendicular to the direction of air flow.  The incoming air 
impacts the plate, then flows around it and exits the cassette.  An aspirated (captured) spore may 
contact the adhesive gel at a high velocity; and it is either retained or rebounds into the air stream.  
If the spore does bounce, it rebounds into an air stream that is flowing parallel to the collection 
medium, and may be swept out of the cassette. 
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Figure 3-6 indicates that a spore impacting onto a filter acts differently.  Since the air stream is 
flowing through the collection medium (filter), if a spore rebounds, it loses kinetic energy and 
settles back onto the filter rather than possibly exiting the sampler.  Second, if the spore diameter 
is at least ½ the diameter of the pore size, then collection efficiency is essentially 100%.  For 
example, a mixed cellulose ester (MCE) filter with a 3-micron pore size will retain a spore with a 
diameter of 1.5 microns or larger.(13)  [One of the smallest indicator spores is Aspergillus 
fumigatus, which has an aerodynamic diameter of about 2 microns.]  Therefore, the collection 
efficiency is typically greater for a filter cassette compared to a slit-impaction cassette when 
replicate samples are compared. 

3.2.3 Retention of Chaetomium Spores 

Filter cassettes have been used as the basis for assessing the performance of slit-impaction 
cassettes (SIC).  The following characteristics support the rationale for this comparison:  

 SIC operate at a higher airflow rate (decreasing aspiration efficiency);
 Only a portion of the spores entering SIC contact the collection medium (decreasing

collection efficiency);
 Debris may reduce the adhesiveness of the collection medium in SIC (reducing collection

efficiency);
 The �pile- on� effect due to spore clusters may add to spore rebound in SIC (decreasing

collection efficiency).

Collection efficiency is also affected by (1) the size, shape, and surface structure of the spore 
[morphology], and (2) the characteristics of the collection medium [surface that actually retains 
the spore].  The Chaetomium spore, illustrated in Figure 3-7, has a smooth surface and the 
appearance of an over-inflated football.  These characteristics would be expected to make the 
collection of Chaetomium spores more difficult on adhesive-gel plates.  For example, only a small, 
smooth area of the spore comes into contact with the adhesive gel in a slit-impaction cassette.   

Figure 3-7.  Smooth surface and inflated shape of Chaetomium spores; small contact area. 



45 

Comparison 1. The greatest differences between slit-impaction cassettes and filter cassettes 
occurred when the collection efficiencies for Asp/Pen-like spores and Chaetomium spores were 
compared.  The retention efficiencies of 20 replicate [collected side-by-side] slit-impaction 
cassette samples and filter cassette samples are compared for Chaetomium in Table 3-1.(14)  The 
BA filter samples were collected for 60 minutes, while the 5-minute AOC samples were collected 
during the same 60-minute sampling period. 

Table 3-1.  Comparison of Chaetomium concentrations (spores/m3) and  
detection rates for 20 replicate samples. 

Parameters BA AOC 
Samples Collected 20 20 
Chaetomium Detected 20 16 
Minimum Conc. 30 60 
Maximum Conc. 3,700 6,100 
Average Concentration 910 880 

In this series of samples, the performances of the two samplers were comparable.  The average 
Chaetomium concentration detected with the BA (910 spores/m3) was similar to the average 
concentration detected with the AOC (880 spores/m3).  However, Chaetomium was detected in all 
20 filter samples, but in only 16 slit-impaction samples; a false-negative rate of 20 % for the slit-
impaction cassette. 

Comparison 2. Four replicate airborne samples were collected with the AOC and BA cassettes in 
a residential property.  The BA filter samples were collected for 60 minutes, while the 5-minute 
AOC samples were collected during the same 60-minute sampling period.  The concentrations of 
Chaetomium spores detected in each room are contained in Table 3-2.(14)

Table 3-2. Comparison of Chaetomium concentrations (spores/m3) and  
detection rates for four replicate samples. 

ROOM BA AOC 
Living Room 1,800 60 
Kitchen 1,150 0 
Bedroom 300 0 
Bathroom 2,700 0 
Average Conc. 1,488 15 

Chaetomium spores were detected in all four BA samples in Table 3-2, but were only detected in 
one AOC sample, and that was near the LOD; a false-negative rate of 75 %.  The average 
Chaetomium concentration for the BA samples was 1,488 spores/m3, compared to an average 
concentration of 15 spores/m3 for the AOC samples.  In this series of samples, the retention 
efficiency for the BA filter cassette was much better for Chaetomium spores compared to the slit-
impaction cassette. 



46 

These are only two examples for Chaetomium, and are anecdotal because of the small sample sizes.  
However, the review of a number of projects indicated the average concentration for Chaetomium
spores ranged between about 8- and 20-times higher for the BA filter cassette compared to the 
AOC slit-impaction cassette.  These comparisons suggest that:  

 Chaetomium spores may be more common in contaminated indoor environments than
presumed;

 The undetected concentrations of Chaetomium could be substantially elevated;
 The contribution of Chaetomium to occupant exposure may be underestimated; and
 Filter cassettes performed better than slip‐impaction cassettes for the collection of Chaetomium.

Detection of Chaetomium. In a study by Baxter, et al, airborne samples were collected using the 
AOC slit-impaction cassette.(15) Asp/Pen spores were detected in 92 % of the samples and 
Stachybotrys was detected in 16 % of the samples; but Chaetomium spores were not reported as 
having been detected in any of the samples.  The absence of Chaetomium suggested this spore was 
either not detected in those samples, or only detected at very low concentrations.   

In comparison, Chaetomium was commonly detected in samples collected using the BA filter 
cassette.  A review of 76 BA samples collected in residential properties indicated Asp/Pen spores 
were detected in 96 % of the samples, Chaetomium was detected in 47 % of the samples, and 
Stachybotrys was detected in 45 % of the samples.(14) Chaetomium was the second most frequently 
detected contaminant spore in the 76 BA samples, but was not reported as being detected in the 
AOC samples.   

In a study by Hays, a range of spore types were evaluated for their utility in interpreting airborne 
samples.(16)  The spore types with the highest utility for interpreting total airborne fungal spore 
samples were Asp/Pen, Chaetomium, and Stachybotrys.  Therefore, a sampler�s ability to detect 
airborne Chaetomium spores may be an important characteristic, and may impact the IEP�s ability 
to assess the condition of indoor environments. 

3.2.4 Retention Efficiency: Asp/Pen-like Spores 

Comparison 1. The retention efficiencies for the BA filter cassette and the AOC slit-impaction 
cassette were compared using Penicillium chrysogenum spores under controlled conditions in a 
settling chamber.(17)  The  P. chrysogenum concentrations ranged from 5,000 spores/m3 to 30,000 
spores/m3; a range representative of contaminated indoor spaces.  Since the aerodynamic diameter 
of P. chrysogenum is about three microns (um), similar to the reported cut-size for the AOC [size 
at which 50 % of the spores are retained], the retention efficiency of the BA filter cassette was 
expected to be about twice that of the AOC slit-impaction cassette.  In fact, the average BA-to-
AOC ratio in the settling chamber was approximately 2.0, as expected.  This result indicated the 
retention efficiency for the AOC in this concentration range, as expected, was about 50 % for 
Asp/Pen-like spores.  

Comparison 2. The concentrations of Asp/Pen-like spores were compared for six replicate field 
samples collected using the AOC and BA cassettes.  A sampling time of 10 minutes was used for 
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both samplers; and the samples were collected at the same location in a house over a 60-minute 
period.  Therefore, the entire 60-minute period was sampled using series samples.  The comparison 
was illustrated in Figure 3-8.  The ratio of the average concentrations of Asp/Pen-like spores (BA-
to-AOC) was also about 2, which was in the expected range.    

Figure 3-8. Asp/Pen-like spore concentrations for six replicate field samples collected using 
the AOC and BA cassettes.  

Comparison 3. Clusters of Asp/Pen�like spores, illustrated in Figure 3-9, may also affect the 
relative performance of filter cassettes and slit-impaction cassettes.  Large spore clusters are 
expected to settle out of the air at a much faster rate than individual spores, but are sometimes 
present when the indoor environment has been disturbed.  The data contained in Table 3-3 are for 
four replicate BA and AOC samples collected during a residential project in which clusters of 
Asp/Pen�like spores were captured by the samplers.  The average BA-to-AOC ratio was 54 for 
Asp/Pen spores.(8)   The ratios in Table 3-3, although anecdotal, indicate a substantial difference 
in performance between the two samplers in that particular indoor environment.  Presumably, the 
leading spores in a cluster shielded the remaining spores from the adhesive-gel medium in the slit-
impaction cassettes, causing them to rebound into the air stream and preventing their retention.   

Table 3-3. Total Asp/Pen spore concentrations (spores/m3) collected with 60-minute BA and 
5-minute AOC samples in a three-bedroom apartment during the same time period. 

ROOM BA AOC RATIO 
Living Room 365,000 24,500 15 
Kitchen 585,400 14,800 40 
Bedroom 702,500 4,800 146 
Bathroom 1,406,000 103,200 14 
AVG 765,000 36,800 54 
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Figure 3-9. Examples of spore clusters present in some airborne samples. 

3.2.5 Project Objective 

The IEP should be aware of the performance characteristics of a sampler, and how those 
characteristics may impact the objectives of a project.  The IEP should then select a sampler that 
is appropriate for the intended purpose.  For example, the minimum Asp/Pen concentration 
detected with the AOC in Table 3-3 was 4,800 spores/m3, which was in the Bedroom.  If it were 
assumed that this concentration was sufficient to classify the Bedroom as �Contaminated�, then 
both the BA and the AOC were equally capable of assessing condition.  However, the data in Table 
3-2 and Table 3-3 indicated that a substantial under-reporting of occupant exposures may occur
when using slit-impaction cassettes.  Therefore, a slit-impaction cassette may be suitable for
assessing condition, but may not be the preferred sampler for assessing occupant exposure.

Indoor air quality investigators perform assessments of both property condition and occupant 
exposure.  These two broad categories of activities may require the use of different methods; and 
a different quality of field data.  Numerous studies have had difficulty establishing an association 
between the concentration of airborne fungal spores and adverse occupant health effects.(18)  This 
lack of association may have been influenced by both the type of sampler and the data 
interpretation method employed in the studies.  The quality of data resulting from the use of short-
term samplers, such as slit-impaction cassettes and agar-impactor samplers, may be adequate for 
assessing the condition of a property.  However, the quality of data provided by short-term 
samplers may not be adequate for assessing occupant exposure. 

Comparison. Table 3-4 describes the results for 23 replicate samples collected in residential 
properties.  The data are a comparison of the concentration distributions of Asp/Pen-like spores 
for the AOC and BA cassettes.  The distributions include concentrations ranging from 1,000 
spores/m3 to 75,000 spores/m3.  The two distributions compare the performance of the AOC slit-
impaction cassette to the BA filter cassette at each concentration.  
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The previous comparisons discussed in this section were based on a comparison of replicate 
samples, which resulted in the comparison of sample concentrations.  Those comparisons 
suggested the retention efficiency of the AOC was about 50 % for Asp/Pen-like spores compared 
to the BA filter cassette.   

The AOC-to-BA ratios for Asp/Pen-like spore concentrations in Table 3-4 were calculated 
assuming the retention efficiency was 100 % for the BA filter cassette.  However, rather than being 
a constant ratio of 0.5, the AOC-to-BA ratios varied with concentration.  The divergence of the 
two distributions, combined with the bias associated with some spore types (Chaetomium, for 
example), suggest it may be difficult to determine the actual concentration of airborne spores for 
samples collected with a slit-impaction cassette.  

Table 3-4. Relative performance of the AOC and BA cassettes for 23 replicate 
samples collected during field investigations: Asp/Pen spores (spores/m3). 

CUMULATIVE 
PERCENT 

AOC 
CASSETTE 

BA 
CASSETTE 

AOC:BA 
RATIO 

5 % 1,010 1,080 0.94 
16 % 2,000 2,500 0.80 
50 % 5,650 9,000 0.63 
84 % 16,100 32,600 0.49 
95 % 31,600 75,000 0.42 

The data in Table 3-4 were presented as the cumulative percentiles for each sampler [review 
Chapter 7].  If the retention efficiency of the AOC relative to the BA did not vary with 
concentration, then a relatively constant ratio of roughly 0.5 would be expected in the last column.  
However, rather than being a constant, the ratio decreased from 0.94 at about 1,000 spores/m3 to 
0.42 at 75,000 spores/m3.   

These data suggest it may not be a simple matter to estimate actual concentrations of Asp/Pen-like 
spores from the data reported for slit-impaction cassettes.  Since adverse health effects tend to 
occur at elevated concentrations, caution may be warranted when attempting to estimate occupant 
exposures using slit-impaction cassettes.  The use of slit-impaction cassettes may be adequate for 
the assessment of building condition, but may have less utility for assessing occupant exposure.  If 
occupant exposure must be assessed based on AOC samples, then Figure 3-10 may be useful; 
which is a graph of the data contained in Table 3-4.  
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Figure 3-10. Estimated “actual” Asp/Pen-like spore concentration for samples collected using 
the AOC slit-impaction cassette.  

3.3 SAMPLING TIME 

3.3.1 Short-term Samples 

Sample time may have a substantial influence on the variability of sample results; and the ability 
of the IEP to interpret those results.(19)  Airborne samples may be classified using a number of 
parameters, one of which is sampling time; samples may be identified as long-term or short-term. 
The National Institutes of Occupational Safety and Health (NIOSH) Sampling Strategy Manual 
defines long-term samples as those with a sampling period of 60-minutes or longer, and a grab 
sample as a sample collected for less than 60 minutes.(20)

Short-term grab samples are the most common type of airborne sample collected in microbial IAQ 
investigations, with the majority of airborne mold samples collected for 10-minutes or less.  
Unfortunately, short-term samples (1) are less representative of the true average concentration, and 
(2) result in data with higher variability.  Airborne mold spores are subject to substantial spatial
and temporal variation.  Therefore, between-sample variability increases when shot-term samples
are collected.

Increasing sample volume tends to increase precision, while increasing sample time tends to 
increase accuracy.  For example, collecting an 8-hour sample provides a better estimate of the 
daily average concentration than does collecting a single 10-minute sample during the 8-hour 
period.  Increasing the sample volume of the 10-minute sample from 100 liters to 1,000 liters may 
provide a more precise estimate of the sample concentration, but does not provide a better estimate 
of the 8-hour average concentration.  However, increasing the sampling time; from 10-minutes, to 
60-minutes, to four hours; does provide better estimates of the 8-hour average concentration.
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Therefore, airborne data obtained with short-term grab samples should be interpreted with caution.  
The result for a typical 5-minute grab sample may deviate substantially from the median spore 
concentration.  For example, if the median concentration were 1,500 spores/m3 and the GSD were 
3 (typical of environmental data), there would be a 5 % probability that any one 5-minute sample 
could result in a reported concentration as high as 20,000 spores/m3 or as low as 200 spores/m3. 

3.3.2 Long-term Samples 

First, collecting short-term airborne mold samples is a choice, not a necessity.  The collection of 
long-term fungal samples using filter cassettes was described by Palmgren as early as 1986.(21)  In 
addition to filter cassettes, devices such as the MTrap Airborne Sampler are also available for 
collecting long-term airborne samples.(22)  The sampling method referenced by the Occupational 
Safety and Health Administration (OSHA) for airborne mold spores is a filter cassette, not a slit-
impaction cassette [osha.gov; then search site for Aspergillus fumigatus, Chaetomium, etc.].  The 
method references an open-face 37 mm filter cassette loaded with a 0.8 micron MCE filter, a 
maximum airflow rate of 1.0 lpm, and a maximum sample volume of 120 liters [equivalent to a 
sample time of two hours].     

Second, long-term samples can be collected cost-effectively, even during relatively brief 
residential inspections.  One way to increase data quality is to collect multiple short-term samples, 
in multiple locations, during multiple time periods.  However, except in well-funded 
investigations, this approach is typically not possible.  A compromise approach is to collect longer-
term samples.  Analyzing three 60-minute samples costs the client the same amount as analyzing 
three 10-minute samples, reduces the variability of the data, and improves the IEP�s ability to 
interpret the sample results. 

After an initial incident history and walk-through inspection, multiple air sampling pumps may be 
positioned and sampling initiated.  Samples may be collected throughout the period of the site 
inspection.  The sampling may be stopped either (1) at the end of the site visit, or (2) prior to 
disturbing the indoor environment (pulling back carpets, drilling wall cavities, etc.).  This approach 
typically results in at least 60-90 minute samples, which meets the NIOSH definition of a long-
term sample.(20)

Sampling time affects data quality and the ability to interpret the sample results.  Sampling time 
may affect the ability of the IEP to (1) detect a problem environment, (2) adequately assess 
property condition, and (3) assess occupant risk.  The effects of sampling time on these typical 
objectives were illustrated by discussing the following three field investigations. 

Detecting Problem Environments.  In this project, a long-term airborne sample collected with 
the BA filter cassette detected a problem that had been missed when short-term samples were 
collected with slit-impaction cassettes.  A hospital operating room (OR) had been removed from 
service because the surgeons had refused to continue using the OR, presumably due to adverse 
patient outcomes.  An IEP was hired by the hospital to inspect the OR and collect airborne samples.  
The IEP inspected the OR and collected 10-minute samples using a slit-impaction cassette, but 
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failed to detect any problems.  However, the surgeons were not satisfied with that conclusion, and 
a second investigation was performed by the author. 

The second investigation included the collection of one 3-hour airborne sample using the BA filter 
cassette positioned at the operating table.  Four Asp/Pen-like spores and one Stachybotrys spore 
were detected [equivalent to detecting one Asp/Pen-like spore every 45 minutes and one 
Stachybotrys spore every 180 minutes].  This resulted in a recommendation to remediate the OR, 
during which two contaminated wall cavities were discovered in the problem OR.  Following 
remediation, the surgeons used the OR without further incident. 

Assessing Property Condition.  This example indicated that long-term samples may be less prone 
to faulty interpretation.  In this project, long-term samples collected with the BA filter cassette 
detected a concentration gradient originating in the suspect room, while short-term samples 
collected with a slit-impaction cassette (1) did not detect the gradient, and (2) suggested another 
room was possibly the source of the spores.  Admittedly, this was one of the clearest examples of 
the effects of sampling time on data interpretation in the author�s files.  Such clear-cut comparisons 
occurred infrequently.  However, this example illustrated the potential for sample time to influence 
the interpretation of sample results. 

The floor plan of the first-floor apartment, a three-bedroom unit, was illustrated in Figure 3-11.  
The ceiling in the master bathroom had collapsed due to a plumbing leak in the upstairs apartment.  
The ceiling had been repaired, but neither the bathroom nor the apartment had been remediated.   

Figure 3-11.  Floor plan of three-bedroom apartment; plumbing leak collapsed the master 
bathroom ceiling. 



53 

Five 60-minute airborne samples were collected with BA cassettes and three 5-minute samples 
were collected with AOC cassettes during the same 60-minute sampling period.  The 
concentrations of Asp/Pen-like spores for both samplers were summarized in Table 3-5. 

Table 3-5. Comparison of Asp/Pen spore concentrations (spores/m3) collected with 
long-term and short-term samplers in a three-bedroom apartment. 
LOCATION BA AOC 
Master Bathroom 84,900 NA 
Master Bedroom 50,700 6,700 
Bedroom 2 45,300 91,500 
Bedroom 3 20,200 43,500 
Kitchen 15,200 NA 

The 60-minute BA samples in Table 3-5 indicated a clear pattern of dispersion from the master 
bathroom [a point-source] throughout the apartment.  This was an example of a concentration 
gradient [an ordered progression of concentrations from highest to lowest], with the highest 
concentration in the master bathroom, intermediate concentrations in the two hall bedrooms, and 
the lowest concentration in the kitchen.  These data indicated that the master bathroom was the 
point-source for the airborne spores; and, the pattern of spore concentrations was consistent with 
the incident history. 

The results for the 5-minute samples were not as simple to interpret (correctly).  Although fewer 
short-term samples were collected, those that were collected suggested the hall bedrooms were the 
potential areas of damage; which was not consistent with the incident history.  Both data sets could 
certainly be interpreted, but only the long-term samples resulted in an interpretation of the data 
that was consistent with the incident history. 

Assessing Occupant Exposure. The ability of the IEP to assess occupant exposure to airborne 
mold is associated with sampler selection, as supported by the data in Table 3-4.  In addition, the 
data in Table 3-6 provided a direct comparison of the effect of sample time on data quality.  The 
question addressed in Table 3-6 was: in addition to sampler selection, did sampling time have a 
demonstrable effect on the assessment of occupant exposure?    

Table 3-6. Distributions of Asp/Pen concentrations (spores/m3) collected with both short-
term and long-term samples; comparisons based on GM concentrations.  
PARAMETER AOC (5 MIN) BA (10 MIN) BA (60 MIN) BA RATIO* 
Sample Size 143 122 75 - - -
Median (GM) 585 674 2,697 4.0 
Mean (Average) 5,040 3,550 23,550 6.6 

*Ratio of 60-min BA to 10-min BA concentrations

The concentration distributions in contaminated indoor spaces may typically be described as 
lognormal, which are described by the GM and GSD.  In addition, the GM concentration is 
expected to be reasonably stable, while the average concentration is less stable [may vary more if 
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extreme values are detected].  Therefore, the effect of sampling time was assessed by comparing 
the GM concentrations.  [Note: The GM is an “unstable parameter”, and is expected to increase 
as sample time increases, but to a minor degree for these comparisons.]    

Table 3-6 indicated the geometric mean (GM) and average concentrations of Asp/Pen-like spores 
for 5-minute AOC, 10-minute BA, and 60-minute BA samples.    However, the samples were 
collected from different projects, and were not replicates.  Therefore, it was only possible to 
compare the concentration distributions.   

First, the GM concentrations for the 5-minute AOC and the 10-minute BA samples in Table 3-6 
were similar; and, the difference was not statistically significant based on the 95 % confidence 
limits on the GM concentrations.  Therefore, the GM concentrations for short-term samples, 
independent of sampler type, were similar; and differences in the short-term data were not due to 
the use of different samplers.   

Second, the 60-minute BA samples in Table 3-6 resulted in a GM concentration that was a factor 
of four higher than the GM for the 10-minute BA samples.  Since these data were obtained with 
the same sampler, this difference was presumably due to the effect of sample time.     

The GM concentrations for the Asp/Pen spores in Table 3-6, with the 95% upper and lower 
confidence limits on the GM, were graphed in Figure 3-12.  If the concentration ranges overlap (5-
min AOC and 10-min BA), then there was no statistical difference between the two sets of data.  
If the ranges did not overlap (10-min BA and 60-min BA), then there was a statistically significant 
difference.  As indicated in Figure 3-12, there was a statistically significant difference between the 
GM concentrations for 10-minute and 60-minute BA samples.  Therefore, differences in the GM 
concentrations were presumed to be due to variations in sample time rather than the sampler. 

Figure 3-12. Comparison of the GM concentrations of Asp/Pen-like spores for short-term 
and long-term samples collected with the BA filter cassette. 
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Asp/Pen-like spores were the dominant contaminant spore detected indoors, while Cladosporium
spores were dominant in outdoor samples.  A similar relationship between the GM concentration 
and sampling time was obtained for Cladosporium.  Therefore, similar results were obtained for 
both small Asp/Pen-like spores and the larger Cladosporium spores. 

3.3.3 False Negatives 

A false positive may occur if the laboratory analyst improperly identifies fungi.  In addition, a false 
positive has been defined as detecting airborne spores originating from a rotten orange and not 
from the building itself.  The implication was that the spores were not an indication of water 
damage in the building.  However, in this example, the analyst actually observed the spores on the 
microscope slide; and they were affecting the indoor space.  [One project involved a rotten orange 
in a waste basket in an office building.  The basket was emptied infrequently, and when the 
employee threw items in the basket, he was exposed to Penicillium spores, resulting in 
hospitalization with pneumonia.]    

A false negative may occur when mold spores were present in the environment, but they were not 
detected.  This may occur when (1) the laboratory analyst did not detect spores when they were 
present [insufficient magnification, entire sample not analyzed]; or (2) contaminant spores were 
present in the air, but they were not captured by the sampler [retention efficiency, sample time].   
However, the most common type of false negative may be the improper assessment of the indoor 
environment by the IEP.  How this may occur is illustrated in Figure 3-13A.   

Figure 3-13A. Variability of short-term, 5-minute samples collected in an environment with 
an average (blue line) airborne spore concentration of 2,300 spores/m3. 
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The distribution in Figure 3-13A was constructed to represent the collection of 60 consecutive 5-
minute samples in a 300-minute period. The average concentration was 2,300 spores/m3, the 
horizontal blue line, which represented a minimally contaminated indoor environment.  Although 
the order of the samples in Figure 3-13A was determined by a random number generator, the 
magnitudes of the sample concentrations were necessary in order to comply with the constraints 
imposed by specifying a GM and GSD for the distribution.   

It�s important to recognize that the variability in Figure 3-13A is representative of field conditions.  
One characteristic of a typical lognormal distribution with a GSD of about 3 is that 73 % of the 
sample results are expected to be less than the average concentration.  In other words, seven out 
of 10 short-term samples are expected to underestimate the true average concentration.   

The two example distributions illustrated in Figure 3-13B also simulate the collection of 60 
consecutive 5-minute samples over a 300-minute period.  The GM concentrations for the two 
distributions were selected to bracket a transitional concentration of 1,000 spores/m3 by an equal 
amount of 500 sp/m3.  The two distributions were constructed with the following characteristics: 

Control [Blue] Average = 620 sp/m3 GM = 500 sp/m3 GSD = 2.0 
Contaminant [Red] Average = 2,300 sp/m3 GM = 1,500 sp/m3 GSD = 2.8 

Figure 3-13B. Distributions simulating the collection of 60 consecutive five-minute airborne 
samples from uncontaminated (blue) and minimally contaminated (red) indoor 
environments.  
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The data in Figure 3-13B illustrate the potential for two additional types of false negatives to occur.     
First, a false negative may occur when a contaminated environment is assessed as being a normal 
indoor environment.  Could the IEP distinguish between these two indoor environments, one 
uncontaminated and one minimally contaminated, by collecting a small number of short-term 
samples?  The inability to make this distinction would increase the probability of a false negative 
(failing to detect a contaminated environment).   

The sample concentrations in the uncontaminated environment in Figure 3-13B varied between a 
minimum of 200 spores/m3 and a maximum of 2,000 spores/m3.  However, and this is an important 
point, 65 % of the samples collected from the contaminated environment were also less than 2,000 
spores/m3.   

Therefore, if only one sample were collected in a room, for example, the IEP would not be able to 
distinguish between the uncontaminated and minimally contaminated environment about 65 % of 
the time - there would be a 65 % probability that a false negative would occur.  As suggested by 
the example in Figure 3-13B, collecting a small number of short-term samples may result in a false 
negative in a substantial portion of mold investigations.   

A second type of false negative may occur when the sample results are not in agreement.  There 
was a 70 % probability that the peak concentrations in Figure 3-13B would not be detected.  For 
example, assume the laboratory reports sample results of 300 spores/m3, 700 spores/m3, and 8,000 
spores/m3.  The IEP may decide that the unusually elevated sample is a false positive, and discount 
the result (This occurred in several reports the author reviewed as an expert witness).     

This limitation leads to a decision logic for interpreting the results of short-term samples: 
 If an elevated concentration of airborne spores were detected, then the IEPmay be confident that

a contaminated condition had been detected [there are few false positives].
 If only �typical� concentrations of airborne spores were detected, then the IEP may not be

confident that a contaminated condition was not present [false negatives may be common].

Finally, collecting a small number of short-term samples would be expected to underestimate the 
true average concentration.  The average concentration for a lognormal distribution is frequently 
the 73rd percentile concentration � 73 % of samples are expected to be less than the average 
concentration.  Since the average concentration is the parameter associated with adverse health 
effects, the potential for occupant exposure is expected to be underestimated when a small number 
of short-term samples are collected. 

Long-term Samples. In general, the collection of long-term samples results in a higher probability 
that peak concentrations will be captured, reduces the probability of reporting a false negative, and 
provides a better estimate of the average concentration and occupant exposure.  Question: could 
long-term samples be used to distinguish between uncontaminated and minimally contaminated 
environments?  Do long-term samples improve data quality sufficiently to affect the interpretation 
of the sample results?  For example, does collecting a single eight-hour sample in an office building 
provides a better estimate of the full-shift average occupant exposure than collecting a single 10-
minute sample? 
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In order to explore the effects of longer sampling times on false negatives, the data in Figure 3-
13B were combined into longer sampling periods.  Each consecutive group of six 5-minute 
samples were combined and averaged, simulating the collection of ten 30-minute samples.  The 
combined samples were illustrated in Figure 3-14.   

Figure 3-14.  Six consecutive 5-minute samples in Figure 3-13B combined to  
simulate 30-minute samples. 

All  10  contaminant  samples  in  Figure  3-14  had  a concentration  that  was  greater  than  the  GM 
concentration of 1,000 spores/m3, while all 10 control samples had concentrations that were less
than the GM concentration.  Collecting any one of the 30-minute samples would result in the correct 
assessment of condition, for example, if the control limit were 1,000 spores/m3.

However , the smallest  separation  between  the two distributions , which occurred  at about 150 minutes , 
was not statistically  significant  (the IEP would  not be confident  that a difference  actually  existed ).  In 
order to improve statistical  confidence , the first 12 samples were averaged to simulate the collection of 
five  60-minute  samples  rather  than  ten  30-minute  samples .  The  effect  of collecting  60-minute 
samples was illustrated in Figure 3-15.  The 60-minute samples meet the NIOSH definition of a long-term 
sample.(20)

The verification code for this document is 424162.
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Figure 3-15.  Twelve consecutive 5-minute samples in Figure 3-13B combined to 
simulate 60-minute samples. 

In this example, the collection of any one of the five 60-minute samples allowed the IEP to 
differentiate between the two distributions based on an assumed control limit of 1,000 spores/m3.  
Even the smallest separation (at about 150 minutes) was statistically significant [95% confidence 
limits on the GM].  Therefore, increasing sample times from 5-minutes, to 30-minutes, to 60-
minutes improved statistical confidence, and the IEP�s ability to distinguish between 
uncontaminated and minimally contaminated environments.   

Collecting a single 60-minute sample allowed the IEP to distinguish between distributions in which 
the GM concentrations varied by a factor of three [or more].  In comparison, if the IEP collected 
three 10-minute samples in each of two rooms, and compared the averages of the two sets of data, 
the average concentrations would have to differ by a factor of 75 for the results to have a similar 
statistical significance [For example, detecting a concentration of 1,000 spores/m3 in Room 1 and 
a concentration of 75,000 spores/m3 or more in Room 2].   

It is often stated that airborne samples are not worth collecting because the results are too variable 
to interpret.  However, this is not necessarily true.  What is true is that short-term airborne samples 
may be more difficult to interpret because of their high variability, especially when small sample 
sizes are collected.  However, this is not necessarily true for long-term samples.  But, IEP typically 
collect short-term samples, so this statement has been applied, possibly incorrectly, to all airborne 
samples. 

One implication of this discussion is that it may not be possible to determine if associations exist 
between airborne fungi and adverse health effects using currently available data bases.  Currently 
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available data bases consist primarily of short-term sample results, not only for total spores but 
also for culturable fungi.  Those short-term sample results may not be representative of average 
concentrations; the parameter most closely associated with health effects.    

3.4 INTERPRETING TOTAL AIRBORNE FUNGAL SPORES 

One task of the IEP is to convert sample results into usable information.  Mold laboratories could 
assist the IEP in this task by providing a more detailed laboratory report for Asp/Pen-like spores; 
which are (1) frequently detected in contaminated environments, and (2) are only reported as to 
�type�.  For example, the laboratory could individually report the concentrations of Asp/Pen-like 
spores with different morphologies (smooth surface, rough surface, spherical, ovoid, etc.).   Rather 
than simply reporting Asp/Pen-like spores, the laboratory report would convey more information 
to the IEP if Asp/Pen-like spores were reported as Type 1, Type 2, Type 3, etc.; as illustrated in 
Figure 3-16.  This would greatly improve the ability of the IEP to interpret the reported sample 
results.  Mold laboratories may be willing to provide this additional information, possibly at a 
nominal fee, if it is requested by the IEP. 

Figure 3-16. Asp/Pen-like spores with three different visual characteristics. 

It is not unusual for Type 1 Asp/Pen-like spores to be dominant in one location (outdoors) and 
Type 2 Asp/Pen-like spores to be dominant in another location (indoors).  Even this amount of 
additional detail would allow the IEP to recognize when a direct comparison was not appropriate; 
or when multiple fungal reservoirs were present in the indoor environment.  The example data in 
Table 3-7 illustrates the need for as much information as possible when interpreting total spore 
data.   

Table 3-7. Differentiation of Asp/Pen-like spores (spores/m3). 
Asp/Pen Spores Total Type 1 Type 2 

Outdoors 5,000 4,900 100 
Indoors 1,000 100 900 

The laboratory would typically report the outdoor concentration of Asp/Pen-like spores as 5,000 
spores/m3 and the indoor concentration as 1,000 spores/m3.  Most IEP would not assess the 
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condition of the indoor environment as �contaminated� based on a review of these data for total 
Asp/Pen-like spores.  However, if the results had been reported as Type 1 and Type 2 spores, it 
would be obvious to the IEP that the concentration of Type 2 Asp/Pen was elevated in the indoor 
sample; 900 spores/m3 indoor versus 100 spores/m3 outdoors.      

Comparison 1. The data in Table 3-8 describe the airborne samples collected in a two-story 
townhouse.  Standing water was present in the crawl space, and substantial amounts of mold were 
visible on the walls in the upstairs bathroom. 

Table 3-8. Concentration gradients detected for Type 1 and Type 2 Asp/Pen-like spores 
(spores/m3) in a two-story townhouse.  

Asp/Pen Spores Total  Type 1 Type 2 
Crawl Space Access 216,818 216,818 0 
1st Floor Living Room 80,272 79,871 401 
1st Floor Kitchen 44,610 41,004 3,606 
2nd Floor Rear Bedroom 63,710 20,435 43,275 
2nd Floor Front Bedroom 166,064 17,586 148,478 
Outdoors 1,203 1,136 67 

Reporting total Asp/Pen-like spores was sufficient to determine that the indoor environment was 
contaminated.  However, reporting the Asp/Pen-like spore concentration as Type 1 and Type 2 
provided much more information.  First, the existence of concentration gradients became apparent 
[gradient: orderly trend in concentration from high to low, or low to high].  The gradients could 
not be detected based on total Asp/Pen spores, although the data were barbell-shaped.  Second, it 
became apparent that there were two independent sources of airborne Asp/Pen-like spores; Type 
1 spores from the crawl space and Type 2 spores from the upstairs bathroom.  This project involved 
a dispute between a homeowner�s association and the occupant, so the source of the indoor 
contamination mattered.    

Comparison 2. The data described in Table 3-9 provided a better illustration of why reporting 
Asp/Pen-like spores as Type 1 and Type 2 may be critical in some projects.  Both the airborne and 
wall cavity samples were collected with the BA filter cassette, and both sample types were 
analyzed by microscopy.  Since this was a legal case, the source of the airborne Asp/Pen-like 
spores, and the resulting occupant exposure, was of interest.   

A review of the living room data in Table 3-9 indicated that Type 2 Asp/Pen-like spores were 
dominant in the air, but were not detected in the wall cavity.  Only Type 1 Asp/Pen-like spores 
were detected in the three wall cavity samples.  Therefore, the elevated concentrations of Type 2 
Asp/Pen-like spores detected in the kitchen, living room, and bedroom could not have come from 
the contaminated wall cavities.  Therefore, although the wall cavities were contaminated, they 
were not the source of the occupant exposures.   
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Table 3-9. Comparison of Asp/Pen-like spores in room air and in wall cavities (spores/m3). 
Airborne Asp/Pen Wall Cavity Asp/Pen

Type 1 Type 2 Type 1 Type 2 
Kitchen 3,820 15,033 NA NA 
Living Room 1,972 25,507 3,370,383 0 
Bedroom 2,731 20,989 NA NA 
Bathroom 0 1,533 11,540,814 0 
Hall Closet NA NA 1,397,318 0 

3.5 DATA LIMITATIONS 

Many of the comparisons between total spores and culturable fungi were based on samples 
collected using the BA filter cassette.  However, not all the conclusions related to samples collected 
with the BA are transferable to samples collected using standard 25 mm or 37 mm filter cassettes. 
The discussions for culturable fungi are probably transferable to samples collected using other 
filter cassettes, but the conclusions related to spore counts are probably not applicable to samples 
collected using �standard� filter cassettes.    

The dual sample traces of the BA are illustrated in Figure 3-17.  The BA produces duplicate sample 
traces with an area of 9.35 mm2 for each trace, compared to an area of about 360 mm2 in a typical 
25 mm filter cassette.(23)  The smaller sample area represents a 19-fold concentration of the sample, 
increasing the analyst�s ability to detect the presence of very low spore densities.  Second, the area 
of each duplicate sample trace is equivalent to about 120 microscopic fields of view (FOV) at 
600X magnification, compared to about 3,600 FOV for a typical 25 mm filter.  The small sample 
trace allows the entire BA sample to be analyzed, compared to typically less than 3 % of the sample 
for a 25 mm filter.(24)  In comparison, the analyst has more difficulty detecting low spore counts 
using bright field microscopy, and does so with less precision, when analyzing a typical cassette. 

Another difference between cassettes is the cost of analysis.  Typically, the first BA sample trace 
is analyzed by microscopy.  If Asp/Pen-like spores are not detected, then the second sample trace 
may be discarded.  The second sample trace is only submitted for qPCR analysis or culturing if 
suspect spores are detected in the first trace.  Therefore, the more expensive analytical methods 
are only applied to those samples containing suspect spores. 

Figure 3-17. The Bi-Air filter cassette: dual sample traces and MCE filter media.   
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