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Abstract 

The fungal spore, bacteria and total particle mass levels 
were monitored inside and outside apartment buildings with 
different ventilation systems. First sampling was carried out 
on completion of the houses before the tenants moved in and 
later during different seasons. The sampling was performed 
with a six-stage impactor for spores and bacteria and 
Nuclepore filters for total particle mass. The results show 
that mechanical supply and exhaust ventilation decreases 
indoor levels of fungal spores. The effect is not so evident 
for bacteria or total particle mass. The effect of occupancy 
could, however, be seen on indoor bacteria and total particle 
mass levels. 

Introduction 

Fungal spore and bacterial counts are important parameters 
of indoor air hygiene. The sources of spores are mainly 
outdoors ~hile for bacteria and total particle mass there are 
sources both indoors and outdoors (4). The aim of this study 
was to find out indoor air levels of fungal spores, bacteria 
and total particle mass in certain Finnish homes equipped with 
different ventilation systems. The effect of occupancy was 
studied by starting the monitoring before the tenants moved 
in. 

Material and methods 

The study homes are situated in Kuopio, the regional center 
of Eastern Finland with 80 000 inhabitants. The three new 
apartment buildings are situated side by side, and are 
identical in construction except for different ventilation 
systems consisting of: 1) ventilation due to gravity (house B) 
2) mechanical exhaust ventilation (house C) and 3) mechanical 
supply and exhaust ventilat~on (house D). There a~e six homes 
in each house - four 40.5 m flats and two 56.5 m flats. The 
tenants are young f amilies of 2 - 5 persons. 
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Sampl i ng apparatus . Fungal spore and bacteri a samples were 
collected with six-stage casc ade impactors (1) us ing 
malt-ext rac t agar pla t es f or spores and tryptose-y e ast- glucose 
agar plates f o r bacteria sampl i ng. The sampling time wa s 15 -
3 0 minu t es wi th a flgw rate of 28 liters/minute and the plates 
were incubated at 20 C f or 7 - 10 days. The f ungal spore anc.l 
ba c ter ia p l ate counts were trans f ormed to counts of colony 
forming unit s pe r c ubic met e r. Partic les we r e col l ected by 
Nucl e pore stacke d f ilter unit samplers f o r 7 - 8 hou rs and 
analyze d gravimetr ica l ly. Vent i lation ra t e, t emperature and 
humidity in each of the studied apartment as well a s outdoor 
wheather c onditions were monitor ed by an automat i c d ata 
collection system reported elsewhere (3). 

Sampling. Four two week series of samples were collected in 
12 months: the first in the fall of 1985 when the homes were 
completed, without furniture and tenants; the following three 
in the winter, spring and fall of 1986, when the homes were 
inhabited. In most homes the sampling was carried out while 
the tenants were at work and school. Samples were taken from 
living or bedroom on the same hour of the day and in the s ame 
room in each measurement cycle. Families were allowed t o c arry 
out their normal daily activities and to adjust ventilatio n, 
temperature and humidity levels as they liked. 

Statictical analyses were performed by SPSS-X programs on 
daily geometric mean values. Pearson correlation coefficients 
were calculated from log-transformed values. The 
indoor / outdoor -relationship (I / O) of spore and particle mass 
concentrations were used instead of indoor concentrations in 
statistical tests. Differencies between the buildings with 
different ventilation systems were tested by the 
Kruskal-Wallis one-way analysis of variance (three independent 
groups) and by the Mann-Whitney U test (two independent 
groups). The effect of occupation on the indoor levels was 
tested by comparing the results in the fall before and after 
the move-in (falls 1985 and 1986) using the Wilcoxon 
Signed-Ranks test. 

Results 

Concentration~. The indoor air fungal spore levels were 
below 1300 cfu/m (Table 1) and correlated significantly 
(p < 0.001) with outdoor spore levels. 3he indoor bacteria 
levels varied between 30 and 2500 cfu/ m and did not correlate 
significantly with outdoor bacteria concentrations. The total 
particle mass varied between 15 - 110 ~g/m3 (Table 1). Most of 
the values (70%) were below 60 f9/m . The correlation between 
indoor and outdoor particle mass concentration was not 
significant indicating that indoor particle sources are 
important. 
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Table 1: Geometric mean (x) , geometric standard deviation (s), 
minimum, maximum and number of observations (n). 

x s minimum maximum n 

Spores cfu/m 3 

indoor 140 5 . 3 3 1300 62 
outdoor 250 9 . 6 <4 1700 63 

Bacteria cfu/m3 

indoor 330 3 . 0 30 2500 63 
outdoor 60 5.5 <4 1600 63 

Total particle mass /1.g;m3 

indoor 38 1.6 15 130 63 
outdoor 33 1. 8 15 90 63 

The effect of different ventilation systems . statistically 
significant (p < 0.05) differences between the three 
differently ventilated buildings were observed in r;o 
-relationships of fungal spore counts during the spring 1985 
{p < 0 . 05) and fall 1986 (p < 0.05) . The differencies applied 
only to total spore counts and to l arge spores (Dp > 2tm)· The 
highest I / O -values of large spores were in the house c and 
l owest in the house D (p < 0.02) in the spring 1986 . In the 
fall 1986 the 1/0 - values of large spores in house B were 
higher than in house C (p < 0 . 05) and house .D (p < 0 . 03). The 
bacteria concentrations and the 1/0 -relationships of particle 
mass concentrations did not differ significantly between the 
research houses. 

The effect of occupancy was seen in the airborne bacteria 
levels (p < 0.01 ) and in the I/O -values of particle mass 
(p < 0.01) (Fig. 2). The I/0 -values of spore counts did not 
change from the fall 1985 to 1986. 

Discussion 

Th~ indoor and outdoor spore counts were lowest in.winter. 
The high I/O correlation (p < 0.001) indicates that there were 
no remarkable spore sources in the homes. The I/O correlations 
of bacteria and particle mass concentrations were not 
significant indicating intramural sources eg. humans for these 
parameters. In the spring and the fall, when outdoor spore 
concentrations are highest, the lowest I/0 -values were in the 
h~use w~th mechanical supply and exhaust v.entilation 1~i th air 
filtra~ion. This shows that concentrations of particles whlch 
are mainly outborne can be reduced by air filtration . This is 
similar to the findings of Pellikka et al. / 2 / . The effect of 
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occupancy on indoor air is poorly known. Our resu ts show that 
the effect of occupancy can be studied with the a d of 
airborne bacteria levels and total suspended part cles, which 
have remarkable intramural sources, too. 
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Fig. 1. I /O -values of fungi in each home in the spring and 
in the fall of 1986. 
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Fig. 2. Indoor bacteria concentrations and I/O -values of 
particles in each home in the falls 1985 and 1986. 
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Abstract 

Subjective complai s reported by 33 adult occupants in 13 buildings 
with interior mould sou ces, were recorded by a stand rdized questionnaire, 
and an interviewer-admiri stated questionnaire comp terl by a physician. 
The questionnaire data fr these 2 sources was co parerl, and examined for 
reporting bias. The patte of responses were milar, and indicated an 
overall prevalence rates of % for subject ive complaints of eye and skin 
irritation, respiratory sympto s and constit ional symptoms such as head
ache and fatigue. Microbial a alyses ide tified the interior mould 
sources as overgrowth of Aspergi us furn atus and A. flavus. Total a1r
borne fungal levels averaged 343 - 6 +co ony forming units (cfu) per m , 
and airborne Aspergillus counts 11 - 32. Other environmental measure
ments included indoor relative humid , ventilation rate, and tests for 
other air contaminants in the occup rl aces . 
All occupants underwent a medical amin ion including test for non speci
fic airway hyperreactiv1ty, pulm ary func on teRts and a series of lnh o
ratory tests in order to revea predispos t n, features for adverse health 
effects in the study populat i o . 
Univariate analyses were use to test for assoc 
environmental exposures an medical examination ariables. Additionally, 
the effects on symptom pr alences of these factor were evaluated using a 
multivariate technique. significant association w s present between the 
duration of exposure, evated indoor levels of ai orne Aspergillus 
particles, atopic d isp sition, and some of the reporte complaints. These 
stratified analyses w re conf inned by the logistic mnde that controlled 
for other known risk factors. 

Intrncluction 

amily houses and other residential dwellings i Sweden are 
th endogenous mould sources. Recent data from ationwide 

measurement p ogrammes indicate that several tens of thousands f dwell
ings are co aminated (1). Experience made by various 1 ocal and regional 
health auch rities have indicated that mould contaminated dwel lin~s are 
responsible' for subjective irritative symptoms of the throat, eye's ancl 
skin in healthy occupants, and increased respiratory complaints in s ensi
tive individuals. However, the presence of adverse effects has not ye t 
been objectively validated. 

Quite controversial standpoints have been t~ken as to the type ~nd 
magnitude of the health risks from indoor "xposure to airborne mould 
particles and their metabolic and decay products. Rased on extrapolation 
from work-related high-dose exposure of mould, im~unological and toxico-


