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Abstract 

This study examined indoor air quality within schools in Kansas City, Spokane, Santa Fe, and Orlando. Air sampling was under- 
taken with both Andersen Single Stage Samplers and Burkard Personal Air Samplers. The data show a wide range of indoor 
exposures ranging from less than 100 colony forming units (CFU/m 3) for viable fungi and 100 spores/m 3 for total spores in 
Spokane and Santa Fe to concentrations over 6000 CFU/m 3 for viable fungi and 15 000 spores/m 3 for total fungi in Orlando and 
Kansas City, respectively. In the majority of sites the indoor airspora reflected the outdoor taxa with Cladosporium the most abun- 
dant genus identified; however, several indoor locations had elevated levels of Penicillium and Aspergillus indicating possible 
sources of indoor contamination. Airborne basidiospores and smut spores were also fairly abundant in the schools and were among 
the top five taxa identified. The data also indicated that the airborne concentrations vary significantly during the day and between 
classrooms within each school. Continued studies in schools are needed to fully assess both the exposure levels and the clinical 
significance to atopic children allergic to these spores. 
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1. Introduction 

Airborne fungal spores have been widely recognized 
as major allergens capable of  causing asthma and aller- 
gic rhinitis as well as other allergic diseases (Burge, 
1989). The literature on the occurrence of airborne fungi 
in the home and workplace is extensive including some 
comprehensive reviews (Lacey and Crook, 1988; 
Hodgson and Morey, 1989; Burge, 1990; Lacey, 1991; 
Mishra et al., 1992). However, little is known about po- 
tential exposure levels to fungal spores in schools. 
Although children spend 25% of  the day in the class- 
room, very few studies have specifically examined the air 
quality in this environment. Dungby et al. (1986) exam- 
ined 10 elementary schools in Southern California. 
Fungi were isolated from all indoor sites examined; 
however, the authors concluded that schools were 'pro- 
tected environments' for those children sensitive to air- 
borne allergens. 
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The present study specifically examined school in- 
teriors in four separate areas of the United States: Kan- 
sas City, KS; Spokane, WA; Santa Fe, NM; and 
Orlando, FL. It was part of the U.S. Environmental 
Protection Agency's School Evaluation Project which is 
a continuing technological development designed to 
control radon levels in schools. As part of this project, 
total indoor air quality was assessed in a number of 
schools. This report focuses only on the bioaerosol 
measurements from these schools. Results from other 
parts of this project have been reported elsewhere 
(Shaughnessy et al., 1993). 

2. Materials and methods 

Air sampling was conducted in 13 school buildings 
from September 1991 through April 1992. Four  school 
buildings were investigated in Kansas City (KC) during 
September 1991; three in Spokane (SP) during 
December 1991; four in Santa Fe (SF) in February 1992; 
and two schools in Orlando (OR) in April 1992 (Fig. 1). 
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Fig. 1. Location of cities involved in this study. 

Three o f  the SF  school bui ldings were separa te  struc- 
tures on one campus  and are t reated as separate  schools 
in this report .  The school  facilities in this s tudy ranged 
from old buildings in which heat ing was provided  by 

boilers with no mechanical  vent i la t ion or  cool ing  to 
modern  bui ldings with centra l  heat ing vent i la t ion and 
ai r  condi t ion ing  (HVAC)  systems. In the former ,  open 
windows provided  the only means  o f  cool ing o r  ventita- 

tion, while in the lat ter  the windows were sealed, and the 
H V A C  system was the only means  o f  air  exchange.  

To assure an accurate  representa t ion  o f  b ioaerosols ,  
da ta  from both Burkard  Personal  Samplers  and  Single 

Stage (N-6) Andersen  Samplers  were used to analyze  for 
total  spores and viable or  cu l tureable  fungi, respectively.  
Burkard  samples  were collected for  5 o r  I0 min on to  
slides that  were previously  grease d with a thin layer o f  

Lubriseal  (Thomas  Scientific). O u t d o o r  samples  were 
collected for  5 min and indoors  for  10 min; however,  in- 
doo r  sampl ing in the S F  schools  was decreased to 5 min 
due to the densi ty o f  the sampl ing  trace seen on the first 

few slides. Exposed slides were s tained with glycerin- 
jelly and microscopical ly  examined at x 1000 to enu- 
merate  and identify the fungal spores.  Counts  were con- 
verted to concent ra t ions  and expressed as spores/m 3. 

Ai r  samples for viable fungi were collected for 1 min 
(ou tdoor  samples)  or  2 min ( indoor  samples)  with 
Andersen Samplers  onto  Petri  dishes conta in ing  mal t  
extract  agar.  Dishes were sealed with Paraf i lm for t rans-  

por t  to the l abo ra to ry  and incubated  for 5 - 7  days  at  
room tempera ture  (25 ± I°C) under  na tura l  day l igh t  
supplemented  with f luorescent  light. Colonies  were 
counted  and identif ied microscopical ly .  Those  colonies  

which failed to form spores were a l lowed add i t iona l  in- 

Table 1 
Mean concentration of total airborne fungal spores at selected schools in four cities 

City and building Number of indoor Mean indoor Range Mean outdoor 
samples concentration (spores/m 3) concentration (spores/m 3) 

Kansas City--September 1991 
KC #1 18 3133 1444-5470 65 539 
KC#2 4 a 3764 389-8110 26 609 
KC#3 2 a 9999 4888-15 II0 31 108 
KC#4 20 6061 2666-12 823 25 162 
Average for city 5157 39 603 

Spokane--December 1991 
SP #1 10 458 0-1778 148 
SP #2 14 1287 56-2889 1184 
SP #3 12 963 111-2722 296 
Average for city 969 543 

Santa Fe--Febraary1992 
SF #1 9 503 b 59-1882 177 
SF#2 9 288 b 0-588 39 
SF#3 9 295 b 118-588 79 
SF#4 9 392 0-706 39 
Average for city 369 98 

Orlando--April 1992 
OR#1 12 1541 944-2706 c 4860 
OR #2 13 4039 1889-8214 23 627 
Average for city 2810 14 244 

aAdditional samples were collected but there was too much dust to count. 
bThe amount of dust present on all indoor Santa Fe samples obscured spores resulting in an underestimate of total spores. 
CHeavy deposits of dust on several of the slides from OR-I may have resulted in an underestimate of the total spores. 
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cubation time and re-examined after 2 and 3 weeks. Re- 
sults from these cultures were expressed as colony 
forming units per cubic meter (CFU/m3). 

Generally, each building was sampled on one day 
with samples collected three times during the day at 3-7  
sites within each building as well as outdoors. Both in- 
door and outdoor samples were collected in the morn- 
ing, mid-day, and late afternoon. Indoor  data from both 
types of  samplers were compared to those from the out- 
door reference samples. 

3. Results 

A total of  183 (145 indoors and 38 outdoors) slides 
from Burkard Samplers and 195 (154 indoors and 41 
outdoors) culture plates from Andersen Samplers were 
analyzed. The difference between the total Andersen 
and Burkard samples reflects some duplicate Andersen 
samples collected in the KC schools. Airborne fungi 
were present in all locations with the highest concentra- 
tions in KC and OR, and the lowest in SP and SF 
(Tables 1,2). In general, the indoor concentrations and 
taxa in each city reflected outdoor  levels and types; how- 
ever, specific indoor contamination was found in several 
locations. Space does not permit enumerating all the 
fungi found at each school; however, the most abundant 
taxa or taxonomic groups in each city are listed in 
Tables 3,4. The average outdoor concentrations of these 
fungi are also shown. Those fungi responsible for indoor 

contamination are evident when the indoor and outdoor 
levels are compared. 

In the majority of  viable and total spore samples, 
Cladosporium was the most abundant genus identified 
during this study. On the slides from Burkard Samplers 
used for assessing total spore concentrations, both 
basidiospores and smut spores were fairly abundant in 
the indoor samples. Although all basidiospores were 
counted as a group, the genera identified include 
Coprinus, Ganoderma. Scleroderma, and Agaricus. No 
attempt was made to identify the smut spores to genus 
level. The concentrations of  both spore types were great- 
est in KC and OR; however, they were present in all 
schools and ranked among the top five taxa or tax- 
onomic groups identified in each city (Table 3). The 
mean concentrations of  these spores in the individual 
schools are shown in Table 5. 

Among the major taxa identified during viable sam- 
piing were Penicillium and Aspergillus. Penicillium was 
among the top five fungi in all the cities, while 
Aspergillus was among the top in Santa Fe and Orlando. 
The average concentrations of  these taxa in each 
building are shown in Table 6. 

Because of  the geographic and climatic differences 
and the differences in the ventilation systems employed, 
there are major distinctions in the indoor air spora at the 
schools. Even within each school, variations were found 
among the different classrooms and also within one 
room at different times of the day. 

Table 2 
Mean concentrations of viable airborne fungi at selected schools in four cities 

City and building Number of indoor Mean indoor Range Mean outdoor 
samples concentration (CFU/m 3) concentration (CFU/m 3) 

Kansas City--September 1991 
KC #1 18 494 152-1409 6267 
KC #2 12 2100 136-4969 10 196 
KC #3 4 2087 1667-2712 5545 
KC#4 24 1009 197-2166 8186 
Average for city 1124 7700 

Spokane--December 1991 
SP #1 10 56 16-109 234 
SP #2 14 189 16-531 406 
SP #3 12 123 16-281 188 
Average for city 130 276 

Santa Fe--February 1992 
SF #1 9 119 50-350 178 
SF #2 9 624 17-4134 83 
SF #3 9 419 150-1069 44 
SF#4 9 244 27-884 83 
Average for city 352 104 

Orlando--April 1992 
OR#1 12 628 76-2970 3192 
OR#2 12 1756 515-6454 15 761 
Average for city 1119 9476 



30 E. Levetin et al./Aerobiologia 11 (1995) 27-34 

Table 3 
Mean concentrations of fungal taxa or taxonomic groups most frequently isolated during total spore sampling at schools in four cities 

Taxa Mean indoor Range Mean outdoor 
concentration (spores/m 3) concentration (spores/m 3) 

Kamas City 
Cladosporium 2839 222-10 443 24 736 
Basidiospores 246 0-944 2094 
PenicilliumlAspergillus 211 0-765 398 
Smut spores 195 0-706 2816 
Alternaria 157 0-889 1622 

Spokane 
Cladosporium 344 0-1555 321 
PenicitliuralAspergillus 73 0-  556 37 
Smut spores 56 0-500 25 
Basidiospores 43 0-333 49 
Periconia 28 0-444 0 

Santa Fe a 

Cladosporium 92 0-588 25 
Aureobasidium 45 0-823 0 
Basidiospores 38 0-470 5 
Smut spores 32 0-  t 18 0 
Penicillium/Aspergillus 14 O- 118 0 

Orlando 
Cladosporium 1152 111 --A.A.A. A. 7385 
Basidiospores 201 0-667 393 
Smut spores 108 0-444 297 
PenicillitordAspergillus 105 0-556 298 
Curvularia 89 0-333 353 

alndoor Santa Fe samples were overloaded with dust such that the concentrations underestimate the spore load. 

3.1. Kansas City 
Outdoor bioaerosol concentrations were high when 

the sampling was undertaken in the KC schools. The 
maximum outdoor concentration of total spores was 
81 172 spores/m 3 while the maximum outdoor concen- 
tration for viable airborne fungi was 19 968 CFU/m 3. 
Indoors, concentrations varied considerably from a low 
of 389 spores/m 3 to a high of 15 110 spores/m 3 for total 
airborne spores and from 136 to 4969 CFU/m 3 for 
viable airborne fungi levels (Tables 1,2). The concentra- 
tions depended, in part, on the type of heating and venti- 
lation systems present. 

At KC-1, a tight building with a central HVAC sys- 
tem, indoor concentrations of airborne fungi had the 
lowest average for the buildings sampled in Kansas City 
and were generally less than 25% of outdoor levels. KC- 
2 was equipped with separate air handlers for each floor, 
and sampling data indicated far greater bioaerosol con- 
centrations in the basement. Morning concentrations of 
viable fungi were approximately nine times greater in 
the basement than the first floor, and total spores were 
17 times more abundant in the basement although most 
of the taxa were outdoor types. In KC-3, there was no 
central HVAC system, and the windows were operable 
but mainly closed on the day the building was sampled. 

Bioaerosols were up to 50% of outdoor levels. KC-4 was 
equipped with central heating and mechanical ventila- 
tion but no air conditioning. Windows were operable 
but the majority were closed when the investigators were 
in the building. Some sites had bioaerosol levels up to 
33% of outdoor levels (Tables 1,2). 

In KC-I and KC-4, two schools with very different 
ventilation systems, basidiospores and smut spores were 
a remarkably consistent feature of the air spora occurr- 
ing on 85-100% of the indoor samples. Concentrations 
up to 944 basidiospores/m 3 occurred in KC-1, a 
building with sealed windows, while in KC-4 with 
operable windows the peak was 765 basidiospores/m 3. 
In general, smut spore concentrations were not as high 
in KC-1, but they occurred in all the samples from KC-4 
with a peak of 706 spores/m 3. 

One unusual event occurred in KC-2 during the day 
samples were collected. A construction accident within 
the building resulted in the massive release of dust from 
a vacuum bag. Both Burkard and Andersen samples 
were collected following the mishap. The resulting 
Burkard slides were overloaded with dust and 
unreadable. On the Andersen plates, the Penicillium 
concentration averaged 1500 CFU/m 3, and constituted 
approximately 50-60% of the total number of colonies. 
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Table 4 
Mean concentrations of fungal taxa or groups most frequently isolated during viable sampling at schools in four cities 

Taxa Mean indoor Range Mean outdoor 
concentration (CFU/m 3) concentration (CFU/m 3) 

Kansas City 
Cladosporiurn 787 61-2354 7185 
Penicillium 189 0 -  2931 15 
A lternaria 70 0-266 678 
Non-sporulating 22 0-112 27 
Yeast 14 0-125 66 

Spokane 
Cladosporium 47 0-  243 149 
Yeast 40 0-187 60 
Non-sporulating 13 0-78 10 
Aureobasidium 9 0-62 I I 
Penicillium 8 0-47 I 0 

Santa Fe 
Yeast 102 0-896 32 
Penicillium 94 0-2273 0 
Aspergillus 83 0-1695 0 
Cladosporium 27 0-350 7 
Non-sporulating 26 0-102 18 

Orlando 
Cladosporium 838 15-5809 8355 
Aspergillus 115 0-2390 0 
Penicillium 74 0-436 43 I 
Non-sporulating 67 0-174 208 
Yeast 66 0-323 321 

3.2. Spokane  

D u r i n g  the  p e r i o d  o f  the  i n v e s t i g a t i o n ,  the  o u t d o o r  

b i o a e r o s o l  c o n c e n t r a t i o n s  were  low.  T h e  a v e r a g e  o u t -  

d o o r  v a l u e  fo r  v i a b l e  a i r b o r n e  fung i  w as  276 C F U / m  3 

Table 5 
Mean concentrations of airborne basidiospores and smut teliospores 
at selected schools in four cities 

City and Mean basidiospore Mean smut teliospore 
building concentration concentration 

(spores/m 3) (spores/m 3) 

Indoor Outdoor Indoor Outdoor 

KC#1 325 5204 102 3576 
KC#2 14 778 278 2111 
KC#3 84 778 334 778 
KC#4 238 450 276 3207 
SP #1 17 0 45 0 
SP#2 20 37 76 0 
SP #3 93 III 46 74 
SF #1 13 a 0 13 a 0 
SF#2 39 a 0 39 a 0 
SF #3 26 a 0 46 a 0 
SF#4 74 a 0 30 ~ 0 
OR #1 124 379 53 150 
OR #2 273 407 158 444 

aThe amount of dust present on all indoor Santa Fe samples obscured 
spores resulting in an underestimate of total spores. 

a n d  the  m a x i m u m  750 C F U / m  3, whi le  the  a v e r a g e  for  

to t a l  a i r b o r n e  s p o r e s  was  543 s p o r e s / m  3 a n d  the  max i -  

m u m  2664. I n d o o r  c o n c e n t r a t i o n s  were  a l so  re la t ive ly  

low, a l t h o u g h  severa l  i n d o o r  l o c a t i o n s  h a d  h i g h e r  c o n -  

c e n t r a t i o n s  t h a n  o u t d o o r s .  M e a n  levels  were  130 

Table 6 
Mean concentrations of airborne Penicillium and Aspergillus spp. at 
selected schools in four cities 

City and Mean Penicillium Mean Aspergillus 
building concentration concentration 

(CFU/m 3) (CFU/m 3) 

Indoor Outdoor Indoor Outdoor 

KC #1 45 12 10 16 
KC #2 748 0 8 38 
KC #3 44 0 4 0 
KC #4 49 59 4 12 
SP #1 0 10 0 0 
SP #2 18 31 8 0 
SP #3 3 0 0 0 
SF #1 12 0 6 0 
SF #2 260 0 199 0 
SF #3 50 0 106 0 
SF #4 55 0 19 0 
OR #1 49 861 214 0 
OR #2 99 0 15 0 
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CFU/m 3 for viable fungi and 969 spores~m 3 for total 
airborne spores. The maximum concentration indoors 
was 531 CFU/m 3 for viable fungi and 2889 spores/m 3 
for total spores (Tables 1,2). 

3.3. Santa Fe 
The outdoor bioaerosol concentrations of both viable 

and total airborne fungi were negligible in most samples. 
The maximum outdoor concentration of total spores 
was 353 spores/m 3 and the maximum for viable fungi 
was 467 CFU/m 3. Although all the indoor sites had 
concentrations higher than outdoors, overall the indoor 
concentrations were relatively low. The elevated concen- 
tration of airborne fungi at a few sites showed evidence 
of indoor contamination. 

Sampling data from SF building #2 showed the aver- 
age concentration of viable fungi at 624 CFU/m 3 with a 
range of 17-4134 CFU/m 3. Specific data for individual 
classrooms in this building indicate that site 2 was the 
source of the contamination. The peak concentration, 
4134 CFU/m 3, was recorded during the late afternoon 
sampling following class dismissal. This was 14 times 
higher than the early afternoon sample and 41 times 
higher than the morning sample. Colonies of Aspergillus 
and Penicillium species dominated this sample at con- 
centrations of 2273 and 1695 CFU/m 3, respectively. 
During a follow-up visit to this classroom 3 months 
later, similar results were obtained. Data from sampling 
for viable fungi showed a morning concentration of 242 
CFU/m 3 but a mid-day concentration of 2113 CFU/m 3. 
Anecdotal evidence recorded by the investigators in- 
dicated that students in the classroom were dancing im- 
mediately before the mid-day air sample was collected 
on this second visit. 

It should be noted that particulates (dust, skin scales, 
lint, etc.) were so abundant on all the indoor Burkard 
samples from Santa Fe that the data for total spores are 
questionable. Particulates may have obscured spores 
resulting in concentrations that probably underesti- 
mated the total spore load. Also, the overloaded slides 
may have prevented spores from adhering to the slides. 

3. 4. Orlando 
When the Orlando schools were sampled, the outdoor 

bioaerosol levels varied considerably on the 2 days of 
the investigation. Concentrations were five times higher 
on the second day than the first. When school building 
OR-I was investigated, the outdoor concentration of 
total spores averaged 4860 spores/m 3 and viable fungi 
averaged 3191 CFU/m 3. When sampling was conducted 
at building #2, the average outdoor concentration of 
total spores was 23 627 spores/m 3 and the average for 
viable fungi was 15 761 CFU/m 3. Indoor concentra- 
tions in both schools appeared to reflect the outdoor 
levels with the concentrations in OR-2 approximately 
three times greater than OR-1. Although several indoor 

sites showed elevated concentrations of bioaerosois, 
these were generally outdoor genera. Basidiospores and 
smut teliospores occurred on 68% of the indoor samples 
in Orlando with the maximum concentration of 667 
basidiospores/m 3 in one room of OR-2. 

A few sites had elevated levels of Penicillium or 
Aspergillus colonies, especially site 3 in OR-I. The late 
afternoon concentration of airborne viable fungi was 
2970 CFU/m3; nine times greater than the early after- 
noon sample and 39 times greater than the morning. 
Eighty percent of the late sample consisted of 
Aspergillus colonies at 2390 CFU/m 3. 

4. Discussion 

The data presented here represent multiple samples 
collected at various schools in the United States. The 
locations represent a wide geographic range but, more 
importantly, they were collected during different 
seasons representing a broad climatic diversity. Kansas 
City schools were sampled in September, a period when 
outdoor allergens are often at peak concentrations in the 
central U.S. The Orlando samples were collected in 
April; however, in this humid, sub-tropical city, air- 
borne allergens are generally present year round. By 
contrast, the Spokane and Santa Fe schools were 
studied during winter when outdoor bioaerosol concen- 
trations were at a minimum (Tables 1,2). Clearly, the in- 
door bioaerosol concentrations in these two cities were 
least influenced by outdoor levels. Although seasonal in- 
fluences are evident in the higher bioaerosol concentra- 
tions in KC and OR schools, this study was not an 
attempt to examine seasonal climatic or weather effects. 
A long-term investigation over all four seasons is needed 
to evaluate the effect of seasonal weather patterns on in- 
door bioaerosol levels in these schools. In the same man- 
ner, this study was not designed to examine specific 
city-to-city or school-to-school differences; it was an at- 
tempt to determine some baseline data on the range of 
bioaerosol levels that exist in schools. 

It should be pointed out that no standards exist for in- 
door air quality regarding bioaerosols. Health hazards 
evaluations, conducted by the National Institute for Oc- 
cupational Safety and Health (NIOSH) in the United 
States at office buildings where hypersensitivity 
pneumonitis and other respiratory diseases were 
reported, have suggested that buildings with viable 
spore counts above 1000 CFU/m 3 could be a causative 
agent and/or a contributing factor to the illnesses 
(NIOSH, 1987). This guideline was not intended to 
imply that a concentration of 1000 CFU/m 3 is a safe ex- 
posure or threshold value. In general, bioaerosol con- 
centrations cannot be used to assess whether the air is 
safe or hazardous. Indoor bioaerosol concentrations 
and types should be evaluated in relation to the outdoor 
levels. Bioaerosols from outdoors will naturally be in- 
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troduced with fresh air. In facilities with natural ventila- 
tion, i.e. operable windows, the indoor bioaerosols will 
closely parallel outdoor levels and taxa as was seen in 
the KC-3 and KC-4 samples. In facilities where the fresh 
air is filtered within a central HVAC system, the reduc- 
tion from outdoor levels will depend on the filter effi- 
ciency of the system and the tightness of the building, 
but should still parallel the taxa present outdoors. 

The influence of the ventilation system is most appar- 
ent when the data from KC-4 with no air conditioning 
is compared to those from KC-1 which was a tight 
building with a central HVAC system. In KC-I, the 
mean indoor concentration of total spores represented 
only 4.7% of outdoor levels and viable spores were 7.8% 
of outdoors. This represents indoor/outdoor ratios of 
1:21 and 1:13, respectively. By contrast, in KC-4 the 
mean total spore concentration indoors was 24% of out- 
door levels and the mean for viable fungi was 12.3% of 
outdoors with much higher indoor/outdoor ratios of 1:4 
and 1:8. 

The magnitude of the outdoor bioaerosol concentra- 
tions is also a factor influencing indoor levels. This can 
easily be seen when the two Orlando schools are com- 
pared. Mean indoor concentrations of both total spores 
and viable fungi were much greater in OR-2 than OR-1. 
When the outdoor concentrations are also considered 
this comparison changes. The indoor concentrations of 
total spores and viable fungi in OR-1 were 31% and 20% 
of the outdoor levels, respectively. This represents in- 
door/outdoor ratios of 1:3 for total spores and 1:5 for 
viable fungi. In OR-2, by contrast, the indoor concen- 
trations of total spores and viable fungi represent 17% 
and 11% of the outdoor levels. The indoor ratios are 
also lower at 1:6 for total spores and 1:9 for viable fungi. 
In addition, OR-I had evidence of indoor contamina- 
tion with elevated Aspergillus levels. 

The American Conference of Government Industrial 
Hygienists (ACGIH) Bioaerosol Committee indicated 
that in most buildings concentrations of saprophytic 
fungi range from 10 to 25% of outdoor levels (Morey, 
1990). It should be recognized, however, that both the 
NIOSH and ACGIH findings relate to large multi-story 
office buildings with central HVAC systems. No 
guidelines, recommendations or extensive databases 
exist for school buildings, many of which lack central 
HVAC systems. 

Higher indoor levels of individual taxa may indicate 
an indoor source. Taxa that are normally not abundant 
outdoors and commonly associated with indoor con- 
tamination include Aspergillus and Penicillium species 
(Burge, 1989; Lacey, 1991; Gutman and Bush, 1993). In- 
door locations in KC, SF, and OR showed elevated con- 
centrations of these genera, suggesting sources of 
contamination were present. These fungi were especially 
abundant when activities disturbed reservoirs of these 
spores. 

The indoor abundance of basidiospores and smut 
spores was particularly surprising. Both spore types are 
produced by basidiomycetes (members of the division 
Basidiomycota). Basidiospores are the sexual spores of 
mushrooms, bracket fungi, and puffballs. Many 
basidiospores are actively discharged from fruiting 
bodies during periods of high humidity and dispersed by 
prevailing winds. Smut teliospores are asexual spores 
formed by members of the Ustilaginales, a group of 
obligate plant pathogens that are especially important 
on cereal crops. These are passively dispersed by wind 
and are common components of the 'dry air spora.' De- 
tection of these spores is not possible in culture. 
Basidiospores, if they will grow at all, will produce a 
non-sporulating colony that cannot be identified. Smut 
spores will generally not grow in culture unless a 
specialized medium is provided on which a yeast stage 
develops. The abundance of these spores in the samples 
collected during this study, points out the value of ob- 
taining total spore concentrations along with the viable 
samples. 

Both basidiospores and smut spores are important 
components of the atmosphere and are known to be 
allergenic (Burge, 1985; Levetin, 1991). Recent studies 
have shown substantial cross reactivity among different 
basidiomycete species (Reese et al., 1994). However, the 
significance of these fungi as indoor allergens is still un- 
known. The data presented here suggest further efforts 
should be made to determine their importance in indoor 
environments. 

Since both spores types are of outdoor origin, their 
presence in indoor air indicates the penetration of out- 
door bioaerosols. In KC-1 and KC-4, two schools with 
very different ventilation systems, basidiospores and 
smut spores were a remarkably consistent feature of the 
air spora occurring on 85-100% of the indoor samples. 
They were also fairly abundant in OR-I and OR-2, even 
though both the outdoor and indoor concentrations in 
Orlando were lower than those in Kansas City. Low lev- 
els of these spores were even present in the SF schools 
in February when none were detected in the atmospheric 
samples. Their presence in these samples may be due to 
the re-entrainment of previously settled spores within 
the building. 

It is generally believed that there is a cause and effect 
relationship between exposure to airborne allergens and 
allergy symptoms; however, threshold concentrations 
are largely unknown. It has been suggested that concen- 
trations of 100 Alternaria conidia/m 3 and 3000 
Cladosporium conidia/m 3 are reasonable estimates for 
these widespread taxa (Dhillon, 1991). No estimates 
have been suggested for basidiospores or smut spores or 
other taxa described here. While there may actually be 
threshold concentrations below which no symptoms are 
experienced, this is probably not an absolute value but 
a broad gradient based upon individual sensitivities. In- 
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door concentrations of total spores up to 15 000 
spores/m 3 and concentrations of  viable fungi up to 6000 
CFU/m 3 were observed in this study. These levels may 
exceed the threshold concentrations for atopic in- 
dividuals. 

5. Conclusions 

In conclusion, the current study indicates that concen- 
trations of  airborne fungi in schools are quite variable 
depending on the type of ventilation systems as well as 
outdoor concentrations. Indoor concentrations vary 
considerably between schools within the same city. 
Within a single building concentrations also vary greatly 
between classrooms and vary during the day. The data 
presented here suggest that atopic children sensitive to 
fungal spores may be at risk in some schools. Further 
aerobiological studies in classroom settings need to be 
undertaken to fully assess the exposure risk. 
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