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ABSTRACT

In the United States, the Andersen single stage N6 impactor and Air-O-Ccll cassettes are used
for sampling and enumerating airborne fungal particles. The Andersen W6 sampler collects
respirable fungal spores on an agar plite. The Air-O-Cell cassciivs collect fungal matter
ineluding hyphal fragments, conidiophores, aod spores, whether viable or not. The collection
cfficicncy of sirborne fungal matter using the Andersen sampler apd Zefon Air-O-Cell
cassettes is compared in this study. A total of 1,431 sets of samplos collected between June
1997 and September 1998 are included. The correlation cocfficicnt () between thesc two
sampling methods was at 0.32 for total fungal matter and al 0.31 for Cladasporium. The
comelation cocfficients (f) between the toml fungal and Cladosporium concentrations
collected with Andersen samplers and those collected with Air-O-Cell cassefles were
statistically significant 3t 0.77 and 0.59, respectively. Results of this study suggest that the
data of sirborne fungal populations derived from the Andersen samplers and the Air-0-Cell
cassettes were not well correlated and could not be compared direcdy. Fungal levels, either
total or Cladesporium alone, derived from the Air-0-Cell casseties were consistenily higher
than those of the Andersen sampler, The Air-0-Cell saroples also had a higher detection rate
of Srachybarrys than the Andersen samples.

INTRODUCTION

The Andersen single-stage NG impactor and Zefou Air-O-Cell cassetics have beea widely
wsed in the United States for evaluating airbarne fungal levels in the indoor environment. The
Andersen sampler is used for recovering respirable, culturable airbome fungal spores an
suitable fungal media. The Air-O-Cell cassctie is a combination of Burkard spore trap and
filter cassette, The Air-O-Cell cassette collects all fungal and other airborne marter. The
advantage of using the Andersen sarapler is the capability for proper fungal identification. The
edventage of using the Air-O-Cell cassetles is the recovery of total airborne fungel matier,
including hyphae, sonidiophores, and spores, whether viable, dormant, or non-vizble.

“This study compares the collection and recovery etficiency between the Andersen sampler and
Air-0-Cell cagscttes. Cladesporium and Stachybotrys are used as indicator organiems for
comparisons. Stachybotrys spores are atypical in dry, clean buildings, while Cladosporium is
ane of the most commen airborne fungi indoors und outdoors [1, 2].



METHODS

Field samples collected side-by-gide using an Andersen single-stage N& sumpler on 2% malt
extract agar (2% MEA) end Air-O-Cell cusseties were analyzed and compered. The Andersen
sampler was calibrated at 28.3 liters per minute {lpm). Each Andersen sample was collected
for either ooe minute for 28.3 liters (L), two minules for a total of 56.6 L, or three minutes for
& total of 84.9 L. Air-O-Cell cassettes were collected based on the same flow rate for 2-4
minutes. A total of 1431 sets of samples were collected, from buildings and outdoors, between
June 1997 and September 1958,

Andersen samplos were incubated st 25 °C for seven 1o ten days. All fungal colonies were
enumerated and identified, and wital concentrations in colony-forming-units per cubic meter
of air (CFU/m") were calculated. Air-O-Cell casseties were mounied with biological dyes
(cotton blue or acid fuchsin) snd snalyzed using the medified NIOSH 7400 fiber counting
msthod, One quarter of the collection band on the slide was enalyzed using an Olympus BH-2
compotnd microscope at 400X magnification. This magnification is capable of detecting the
smallest fongal sporcs (approximately 2 wm). Individual spores, hyphal fragments and
comidiophores were counted. Results were calculated and prescmed s fungal structures per
cubic meter of air. Spores were presumptively identified when possible.

The data collected were subject to statistical correlation analysis.
RESULTS
The Andersen samples gencrally yielded lower fungal concenitrations than Air-O-Cell

casseites. The comelstion cocfficient (r) between these two meibods was at 0.32 for total
fungal matter (Figure 1) and at 0.31 for Cladospaorim (Figure 2).
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The corelation coefficient (r) betwesn the total fungal and Cladosperium concentrations
derived from Andersen air samples and those collected with Air-O-Cell casselles were
statistically significant at 0.77 and 0.59, respectively (Figures 3 and 4). Cladasporium was not
detected in eight sets of Andersen and Air-O-Cell casseite samples. 1319 of 1431 samples
(92.17 %) of the Air-O-Cell cassettes yislded higher fungal concentrations than the Andersen
air sgamples. 1337 of 1423 Air-O-Cell samples (93,96 %) had @ hugher Cladosporium recovery
rate than Andersen samples.
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Stachybotrys-like spores were detected in 105 Air-O-Cell samples, while Stachyboirys
chartarum was identified in 13 Andersen samplss. Scven sample sels delocted both
Stachybotrys-like spores and Stachvbotrys chartarum on both Air-O-Cell and Andersen

sarmples.
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DISCUSSION

Based on the comelation coefficient calculated from Andersen samples and Air-O-Cell
casscties using totel fungal spores and Cladwsporium for comparisons, the data did not show e
goed correlation. Results of this study sugyest that il is oot practical w use the resuls from
one of these two samplers to estimate or predict the yield of another sampler.

The Air-O-Cell casseiles provided a better assessment of airborne fungal matter and yielded
higher fungal types and concentrations than the Andersen samples. In this stody, fungal
concentrations, either lotal fungel spores or Cladosporium alone, derived from Air-O-Cell
cassettes were consisteatly higher than those of Andersen samples. There arc several reasons.
In Air-O-Cell easseties, fungal structures (hyphal fragments and comdiophores) and
individual spores, whether viable, culturable or not, were counted, while ooly culturable
fungal spores germinated and grew into colonies on agar plates. Spores of different genera in
culture may alse be grouped and identificd together. Spore counts of Cledosporium may
include spores of Cladasparium spp. and other similar species, such as lormoconis resinge
and Fulvia fulva.

Medium sclection is uncther factor influeacing the total fungal concentralions recovered fram
Andersen samples. Xerophilic fungi were likely to be wunder detected on the 2% MEA
medium. Fast growing fungi, such as Aspergillus pnd Penicillium, are known to interfere with
growth of Stackybotrys chartarwm [3, 4]. In addition, such spore cluster deposited on mn
Andersen sample may develop end grow into onc single colony. The Andersen sampler has
also an upper quantitation limit of 400 colonies for each plate. These factors significantly
affect the results derived from these two samplers.



The Andersen sampler has a 50% cut-size (the size at which 50% of the particles collected and
50% of the particles penetrale the samples) of 0.65 um [5]. The particle shape and flow rate
greatly affect the collection efficiency of the Air-0-Cell cassette [6]. At the flow rate of 30
lpm, the cut-size value of the Air-O-Cell cassette was 1.8 1 4% pm. The difference is
insignificant because few fungal spares are smaller than 2 pm. The study [6] also showed that
the spiny fungal sporcs bounced more than the spherical smooth particles.

Cladasporium was commonly detected in both Andersen samples and Air-0-Cell casselies. It
is used as one of lhe indicator fangi for comparison. A good comrelation between
Cladosporium concenirations and total fungal levels was detected from both methods. In
some samples, species of Aspergillus and Penicillium or Aspergillus/Penicillium-like sporcs
were the dominants that were indicated as the outliers in Figure 3 end 4. A further analysis of
fhese data poinis showed that the dominant (ypes, either Cladesporitm  or
Aspergilius/Penicillium group, selected from euch sample had a good correlation with the
total fungal Jevel detected in each sample {r = 0.95).

Predictahly, Air-0-Cell samples yielded higher fungal levels than Andersen samples on 2%
MEA. Air-O-Cell samples also had a higher detection rate of Stachybotrys-like spores.
However, identification of fungal spores in Air-O-Cell sampies is presumptive ot best. Fungal
colonies growing on 2% MEA facilitate proper identification of fungi to genus ot species. The
higher frequency of detecting Srackybotrys-like spores from Air-0-Cell cassemes than from
Andersen samplers was expected because Stachybotrys spores may not grow into calonies

ing on their viability, the culture media and the presence of otber interfering fungi [3,
4). Gravesen et al. [3] indicated that only 2 smell percentage of the conidia of Stachybotrys
chartarum arc viahle in cultures.

Results from total spore counts are a better assessment of airborne fungal matter becuuse a
significant portion of airbome fungal structures was either non-culturable on the medium used
ar non-vizhle. Results of this study suggest that both a culturable method, such as collection
with an Andersen sarpler, and total spore counts, using the Air-0-Cell cassette or other spore
trap samplers, are complementary in the assessment of airborne fungsl populations. Air-O-
Cell samples pravides a better chance of detecting Stachyborrys than Andersen samples.
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