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ABSTRACT: Airborne levels of culturable mold were sampled in 167 randomly

selected school rooms in 17 east-central Indiana school buildings. Culturable indoor

mold levels were relatively low, with basidiomycetes, Penicillium, Cladosporium, and

yeasts the most prevalent taxa identified. Indoor levels were significantly lower than

those in concurrently collected outdoor samples. Based on univariate analysis of vari-

ance, significantly higher mold levels were observed in school rooms (1) which were

climate-controlled by unit ventilation systems (univents) as compared to central sys-

tems, (2) which did not have operating ventilation systems (fan off), and (3) which

were sampled during school hours. Except in a limited number of school rooms, air-

borne mold levels were not considered to be a major indoor air quality and occupant

health concern in these 17 school buildings.
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INTRODUCTION

In the past decade, increasing attention has been given to health problems

associated with human exposure to indoor air contaminants. This attention is

the result of a variety of field investigations of health complaints among occu-

pants of both residential (Gary, et al., 1980; Dally, et al., 1981; Godish, et al.,

1990) and non-residential buildings (Seitz, 1988).

Mold exposures are of particular concern because of the ubiquitous pres-

ence of mold spores in indoor air and their causal association with chronic

allergic rhinitis (Lowenstein, 1979; Schata, et al., 1989), asthma (Reed and

Tocouley, 1983), and hypersensitivity pneumonitis (Fink, 1983; Morey, et al.,

1984). Because mold is frequently identified by physicians as contributing to a

patient's asthma or allergy, a significant amount of research effort has focused

on studies of airborne-mold levels and taxa in residential buildings (Hirsch and

Sosman, 1976; Soloman, 1976; Kozak, et al., 1979; Strachan, et ai, 1990;

Reponen, et al, 1992; Su, et al, 1992; Dekoster and Thome, 1995). Studies of

airborne-mold levels in office and institutional buildings have been more lim-

ited in scope.

Chronic allergic rhinitis and asthma are major pediatric health concerns. To

better manage these conditions, the nature of exposures in major exposure

environments such as homes and school buildings must be understood. Little is

now known about the potential for exposure to airborne mold and the factors
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which may contribute to it in schools in the United States. As a consequence,

this study was designed to expand our understanding of potential indoor air

quality problems in schools, with a focus on the quantitative and qualitative

assessment of airborne mold and an evaluation of school/room characteristics

which might be related to mold concentrations.

MATERIALS AND METHODS
Seventeen school buildings (including elementary, middle, and high school

buildings) in a single east-central Indiana school corporation were selected as

the study population. Culturable mold sampling was conducted in 148 ran-

domly-selected classrooms and student use areas such as gyms, auditoriums,

and locker rooms. In addition, 16 libraries and 3 pool areas were evaluated. The

total number of school rooms sampled (N) was 167. Samples were collected in

20%-25% of the classroom/student use areas in each of the 17 school build-

ings.

All sampling for airborne mold was conducted by collection on 2% malt

extract agar using an Andersen N-6 single-stage viable particle sampler. Two-

minute samples were collected at each assessment location; the exposed plates

were incubated at room temperature (22°-24° C) under natural lighting for 4-7

days. Mold concentrations are said to be based on "culturable mold" if they are

limited to those spores, mycelial fragments, and taxa which can grow on the

commonly used malt extract medium. Airborne mold levels were determined

from colony counts and expressed as colony-forming units/cubic meter

(CFU/m 3

) after correction for multiple impactions (Andersen, 1958).

Individual colonies were identified to genus whenever possible.

Samples were collected during normal school hours whenever feasible

(83%) to assess the mold levels which were typical of actual exposure condi-

tions for students and staff; the remaining samples (17%) were collected with-

in three hours of dismissal. All sampling was conducted during the heating sea-

son (15 February to 25 March), when outdoor mold levels should be low, and

the room's windows were less likely to be open. A minimum 16-hour room clo-

sure period was requested from school staff prior to any room being sampled

to reduce the influence of outdoor mold on indoor mold levels. Airborne mold

samples were also collected at two different locations immediately outside

each school building for comparative purposes.

The physical characteristics of each sampled room were recorded. These

characteristics included the type of floor covering, ceiling material, and venti-

lation system; the operating status of the ventilation system; evidence of water

damage/condensation/musty odor; and the presence of plants and potential

water sources. The potential relationships between airborne mold levels and

these physical characteristics were evaluated using univariate analysis of vari-

ance after the mold data were log transformed (the mold data were not nor-

mally distributed). More advanced statistical analyses were not possible due to

the limited sample size. Mold data below the limit of detection (18 CFU/m 3

)

were scored as "one" to avoid eliminating them from the SPSS statistical pack-
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Table 1. Airborne culturable mold levels associated with 17 east-central

Indiana school buildings.

# Classrooms Indoor Indoor Outdoor Outdoor

School Sampled (n) Geom. X Range Geom. Xa
Range

1 11 10.5 BLDb- 83 311.9 254- 383

2 7 297.3 18-12977 343.0 343

3 8 207.7 199- 449 624.8 569- 686

4 5 15.8 BLD- 88 9.4 BLD- 88

5 6 30.1 BLD- 106 138.5 71-270

6 6 229.3 71-629 463.2 419-512

7 15 28.1 BLD- 106 121.7 18-823

8 19 10.2 BLD- 1191 215.3 161-288

9 10 100.1 35- 270 627.3 362-1087

10 17 17.1 BLD- 161 14.7 BLD- 216

11 11 9.1 BLD- 216 640.2 161-2546

12 8 23.9 BLD- 495 75.0 53- 106

13 8 13.4 BLD- 143 279.6 216-362

14 9 14.0 BLD- 53 528.8 474- 590

15 7 15.6 BLD- 88 133.7 125- 143

16 10 68.8 18-251 4691.4 2446-8998

17 10 7.4 BLD- 106 316.5 251-399

TOTALS 167 25.3 BJ.D- 12977 229.6 BLD-8998

Frequency range i% Indoors (N=167) % Outdoors (N=34)

BLD 22.2 5.9

18 - 100 55.7 11.8

101 -200 12.0 14.7

201 -500 7.8 41.2

501- 1000 0.6 14.7

> 1000 1.8 11.8

a n = 2/school.

b BLD = Below limit of detection.

age database on log transformation. A probability (P) value of 0.05 was accept-

ed as significant in these and other statistical analyses.

RESULTS

The culturable airborne mold levels determined from both indoor and out-

door samples associated with 17 east-central Indiana school buildings are sum-

marized in Table 1 . Geometric mean values of samples collected in individual

schools varied from 7.4 to 297.3 CFU/m3
, with a geometric mean value for all

data of 25.3 CFU/m 3
. The sample range was BLD (below the limit of detection)

to 12,977 CFU/m 3
. Outdoor airborne mold levels determined from samples col-

lected concurrently with the indoor samples at each school were in the range of

BLD to 8,998 CFU/m3
, with a geometric mean value of 229.6 CFU/m 3

.
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Table 2. Prevalence of airborne culturable mold taxa in indoor and outdoor

samples associated with 17 school buildings.

INDOOR OUTDOOR

% of Total %of %of % of Total

Taxa Colonies Rooms Buildings Colonies

Basidiomycetes 58.0 38.3 82.4 5.7

Penicillium 18.5 31.7 82.4 1.5

Cladosporium 7.3 34.1 94.1 42.9

Yeasts 7.1 32.9 94.1 10.1

Paecilomyces 1.5 8.4 47.1 0.1

Altemaria 0.4 3.6 29.4 1.8

Aspergillus 0.3 1.8 17.6 —
Rhizopus 0.1 1.2 11.8 —
Fusarium 0.1 0.6 5.9 2.7

Epicoccum 0.1 0.6 5.9 0.1

Unknowns 6.7 31.7 88.2 35.2

In general, the indoor airborne mold levels were relatively low; 22% of the

collected samples were below the detection limit, and 78% were below 100

CFU/m 3
. Only a small percentage of mold samples (Table 1) exceeded 500

CFU/m 3 (2.4%) and 1,000 CFU/m3
(1.8%). A comparison of indoor and out-

door mold levels using analysis of variance confirmed that the geometric mean

for outdoor culturable mold was significantly higher (P < 0.001) than the geo-

metric mean for all indoor samples. However, in two individual cases (build-

ings 4 and 10), the outdoor mean values were less than the indoor mean values.

No significant correlation was observed between indoor and outdoor culturable

mold levels, when these values were evaluated using Pearson's product-

moment test on the log-transformed data.

Major mold taxa and their frequency of recovery as a function of total

colonies and occurrence in individual rooms and school buildings are summa-

rized in Table 2. The basidiomycetes had the highest frequency of occurrence

as a function of total colonies recovered. They were also observed in a high

percentage of the rooms and buildings sampled. Relatively high prevalence

rates were also observed for Penicillium, Cladosporium, and yeasts. Their

prevalence was less as a percentage of total colonies when compared to the

basidiomycetes; however, they were recovered from a similarly high percent-

age of both school rooms and buildings. Outdoor samples were dominated by

Cladosporium, yeasts, and basidiomycetes (Table 2).

Because of the potential for interaction effects, mold levels in the 167

school rooms were evaluated by a univariate analysis of variance to determine

whether or not significant differences in airborne mold levels were associated

with sampling location/time and a variety of room/building characteristics. No
significant differences in total culturable mold levels were observed when sam-



Vol. 105 (1996) Indiana Academy of Science 65

Table 3. Relationships between airborne culturable mold levels and

building/room variables.

Ventilation

Mold Ventilation Operating Sampling

n Geom. X Typea
Status

3 Timea

.034* .155Ventilation type

Univent 83 38.0

Central 68 15.4

Ventilation operating status

On 123 20.4

Off 24 53.7

Time sampling began

During school 138 29.5

After school 29 12.0

.059 .037'

.019* .133

a P values determined by univariate analysis of variance using the SPSS statistical package.

* Significant at P = 0.05.

pies from classrooms (n = 133), libraries (n = 16), gymnasiums, locker rooms,

and pool areas (n = 14), and miscellaneous rooms, such as auditoriums and

cafeterias (n = 4), were compared. No significant associations were observed

for mold levels and the presence of indoor plants, water sources (sinks, foun-

tains), insulated water or steam lines, water-damaged materials or musty odor,

or with the type of ceiling or floor/floor covering materials.

Significant relationships were observed between airborne mold levels and

three room characteristics/sampling variables— the type of ventilation system,

the operating status of the ventilation system, and the time of sampling (Table

3). Significantly higher mold levels were observed in school rooms which were

climate-controlled by unit ventilation systems (univents) as compared to cen-

tral systems, independent of the system's operating status but not of the time

when sampling was conducted. The significantly higher mold levels measured

when the ventilation systems were not operating (fan off) were observed to be

independent of the time of sampling but not of the type of ventilation system.

The significantly higher level of mold in samples collected during school hours

was observed to be independent of the type of ventilation system but not of the

operating status of the ventilation system units.

DISCUSSION

The culturable mold levels determined from air samples in 1 7 east-central

Indiana school buildings are consistent with mold levels reported for mechan-

ically-ventilated and fully air-conditioned office buildings in the California

Healthy Building Study (Fisk, et al, 1993), in office buildings in the United
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Kingdom (Harrison, et al, 1992), and in Danish town halls (Skov, et al, 1990).

The culturable mold levels are also consistent with, but somewhat higher than,

geometric means reported for 10 naturally-ventilated Italian schools (means'

range = 11-18; overall mean = 15; Maroni, et al, 1993) but lower than results

reported for Finnish day care centers (log mean = 70 CFU/m3
; Nevalainen and

Jatunen, 1987), Swedish school buildings (range = 150-3,000 CFU/m3
; Strom,

et al, 1990), and school buildings in Paris (X = 100 CFU/m3
, with a few sam-

ples exceeding 1,000 CFU/m3
; Mouilleseaux, et al, 1993). However, cultur-

able mold levels appeared to be significantly lower than in a spring study of 60

classrooms in ten California school buildings (X = 1,040 CFU/m3

; Dungy, et

al, 1986).

The most prevalent mold types identified in indoor samples included

basidiomycetes, Penicillium, Cladosporium, and yeast. Few office and institu-

tional building studies have reported the type and prevalence of the mold taxa

present. In a broad range of unidentified workplaces, Yang, et al (1990) report-

ed that Cladosporium, Aspergillus, Penicillium, basidiomycetes, and

Alternaria were most prevalent. In the studies of Morey and Jenkins (1989),

Aspergillus, Penicillium, Cladosporium, Aureobasidium, and Chaetomium

were reported to be the most prevalent indoor taxa. For the most part, these

results are consistent with those of the study reported here.

The higher culturable mold levels observed in the outdoor samples taken

during this study are consistent with the levels reported in mechanically venti-

lated buildings (Morey and Jenkins, 1989; Holt, 1990; Fisk, et al, 1993). The

mold taxa reported here, including basidiomycetes, Cladosporium, Alternaria,

Epicoccum, and Fusarium, are considered to be associated with outdoor

sources (Su, et al, 1992). Despite the fact that basidiomycetes are usually asso-

ciated with outdoor sources, the very high basidiomycete levels observed in

two samples from building 2 were probably associated with their infestation of

wooden materials. Basidiomycete colonies in these two samples accounted for

approximately 47.4% of the total mold colonies recovered from the 167 indoor

samples collected in this study.

Two-by-two univariate analysis of variance revealed that the elevated mold

levels associated with unit ventilators were independent of the operating status

of the ventilation systems. However, higher airborne mold levels were associ-

ated with all types of ventilation systems which were not operating at the time

of sampling, independent of the time the samples were collected. In addition,

higher mold levels were found in air samples collected during school hours,

independent of the type of ventilation system.

The higher mold levels associated with unit ventilation systems may have

been due to a variety of factors. These systems are typically located in indi-

vidual classrooms on an outside wall having openable windows. Though sam-

pling was conducted during the heating season and teachers were requested to

keep their windows closed during the day, the actual compliance rate prior to

sampling was not known. Teachers often open such windows during the heat-
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ing season, when the air is perceived to be stuffy or thermally uncomfortable.

The buildings with central ventilation systems did not have openable windows,

and the sampled rooms were not subject to occupant-induced ventilation

changes. In addition, central ventilation systems are better designed and

equipped to filter airborne dusts (which include mold spores) than univents are.

The lower mold levels associated with operating ventilation systems may
have been due in part to the removal of mold spores and other particles from

room air recirculated through the ventilation system's filters. This effect was

independent of the time when sampling occurred and is consistent with the

observation that a similar percentage of sampled rooms had ventilation systems

which were operating during (84%) and after (81%) school hours. On the other

hand, the higher mold levels that were observed for samples collected during

school hours (but not independent of ventilation system operating status) are

consistent with the Norwegian studies of Hanssen (1993), who reported ele-

vated airborne dust levels during school hours, presumably associated with the

disturbance of settled dust by the students.

The results of these studies indicate that the levels of culturable airborne

mold in randomly selected classrooms in 17 school buildings under presum-

ably closure conditions were very low and, as a consequence, were not likely

to be a significant risk factor for building-related health complaints. However,

a few rooms, representing approximately 2% of the total number of rooms sam-

pled, were observed to have relatively elevated mold levels. Included were two

classrooms in a single wing of an elementary school building having wooden

floors and significant mold infestation on window sills and wooden materials

associated with a heavy condensation problem on windows. Sample concen-

trations in these two rooms were dominated by the basidiomycetes, common
wood-rotting fungi. In a second case, high Penicillium levels were found in a

pottery classroom in which wet clay and other periodically wet pottery-making

materials were present. Mold-infestation problems and the resultant elevated

levels of airborne culturable mold are a relatively limited air quality and health

concern in school buildings with a similar design and maintenance practices as

the school buildings examined in this study.
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