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Abstract

Objectives: The study aimed at determination of the usefulness of the subjective assessment of selected signs of fungi growth
in flats and microclimate parameters to indicate the actual air contamination with culturable fungi, (1-3)-f-D-glucans and
fungal spores. Material and Methods: This analysis covered 22 flats, the inhabitants of which declared in a questionnaire
interview the presence of the developed mycelium on solid surfaces in the flat. Air samples for determination of the cul-
turable fungi, (1-3)-p-D-glucans and (viable and non-viable) fungal spores concentrations indoor and outdoor the flats
during the heating period were collected. During bioaerosol sampling microclimate parameters were measured. Predictive
models for concentrations of the tested biological agents with regard to various ways to assess fungal contamination of air in
a flat (on the basis of a questionnaire or a questionnaire and microclimate measurements) were built. Results: The arithme-
tic means of temperature, relative humidity, CO, concentration and air flow velocity in the flats were respectively: 20.5°C,
53%, 1431.6 ppm and 0 m/s. The geometric mean concentrations of airborne fungi, (1-3)-f-D-glucans and fungal spores
in these premises amounted to 2.9x10? cfu/m?, 1.6 ng/m? and 5.7x10° spores/m?, respectively. The subjective assessment
of fungi growth signs and microclimate characteristics were moderately useful for evaluation of the actual airborne fungi
and (1-3)-p-D-glucan concentrations (maximum percent of explained variance (VE) = 61% and 67%, respectively), and
less useful in evaluation of the actual fungal spore concentrations (VE < 29%). In the case of fungi, higher usefulness was
indicated of the questionnaire evaluation supported by microclimate measurements (VE = 61.2%), as compared to the
evaluation only by means of a questionnaire (VE = 46.9%). Conclusions: Subjective evaluation of fungi growth signs in
flats, separately or combined with microclimate measurements, appeared to be moderately useful for quantitative evalua-
tion of the actual air contamination with fungi and their derivatives, but more extensive studies are needed to strengthen
those findings.
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INTRODUCTION

The studies carried out in recent years in European coun-
tries, Canada and the United States indicate that on av-
erage 20% of residential premises exhibit some signs of
dampness [1]. In Poland the dampness problem may re-
fer to as many as 43% of flats [2]. Dampness of usable
areas in closed rooms contributes to the growth and dis-
semination of fungi and their derivatives, especially fungal
spores and (1-3)-B-D-glucans — components of the cel-
lular wall of fungi released as a result of fungi degrada-
tion [3,4]. Consequently, indoor air of the flats exhibiting
signs of dampness and fungi growth may become contami-
nated with fungal spores [5] and fragments of fungi [6].
Because of their usually very small sizes, they may be de-
posited in the inhabitants’ airways and reach even alveoli,
causing infectious or allergic effects [3,4,7]. On the other
hand, the effects of (1-3)-p-D-glucans in the indoor air
on human body are still a matter of dispute [8]. However,
(1-3)-p-D-glucans are commonly used in the studies as
non-specific fungal marker. The use of this marker allows
to determine (in contrast to the culture method) viable
and not-viable fungal cells [9,10].

Many epidemiological studies point to a correlation be-
tween inhabiting or long staying in premises showing signs
of dampness and fungi growth and an increased risk of the
occurrence of various ailments and diseases of the respi-
ratory tract (e.g., allergy including initiation of asthma as
well as exacerbation of existing asthma), both in adults
and in children [11-14]. In most studies focused on health
effects of exposure to fungi in residential flats, the assess-
ment of fungal contamination in the flats is based only on
the information obtained from the inhabitants or from
inspectors’ observations during their short visits. Because
of possible subjective bias of the data obtained from the
inhabitants and random character of the observations
conducted by inspectors, such assessment may often dif-
fer from the true state. On the other hand, assessment
of contamination of flats with airborne fungi and their

derivatives based on measurements of these agents is ex-
pensive and time-consuming.

The analysis presented in this article is aimed at determi-
nation of the usefulness of the subjective assessment of
selected signs of fungal growth in flats and microclimate
parameters to assess the actual extent of air contamina-
tion with fungi and their derivatives. The results of the
conducted analysis could be used for a preliminary assess-
ment of home exposure to fungi.

MATERIAL AND METHODS

Flat selection

The studies were carried out in the municipal agglomera-
tion in central Poland during 2011-2012 period. This pub-
lication presents the results obtained for 22 flats chosen
in a purposeful way from 754 flats as a simple random sam-
ple selected from the official register of territorial division
of the country (TERYT) conducted by the Central Statisti-
cal Office of Poland (Gtéwny Urzad Statystyczny — GUS),
the inhabitants of which gave their informed consent to
participate in the study. The criterion of purposeful selec-
tion was the presence of the developed mycelium on solid
surfaces in the flat, as declared by the inhabitants in the
questionnaire interview. The interview was conducted by
trained pollsters during their visits to each of the randomly
selected flats. The interview was based on a questionnaire
specifically prepared for the purpose of this study. It in-
cluded questions on, e.g., intensity of the occurrence of
various signs of dampness in the premises, intensity of the
occurrence of various signs of fungal growth, as well as the
way the flats are used, as this may also contribute to the
dampness and fungal growth.

Air sampling and measuring microclimate parameters

In each of the investigated flats, the air in the living room
and additionally in other rooms was analyzed if it exhib-
ited signs of fungi growth, and then the results were av-
eraged for the whole flat. Air samples for determining
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the concentrations of culturable fungi, (1-3)-p-D-glucans
and fungal spores in each of the investigated rooms were
collected at the same time. The samples were collected in
a stationary way at the height of approx. 1.0-1.2 m from
the floor level during the heating period in normal condi-
tions of heating, airing and using the rooms. At the same
time, to evaluate the ‘background’ concentrations for the
tested agents near the flats covered by the study, atmo-
spheric air samples were collected in a similar way.

Air samples for the analyses of culturable fungi and
(1-3)-B-D-glucans were collected using separate measur-
ing sets consisting of a GilAir 5 pump (Sensidyne, USA)
and the open-faced aerosol sampler (Two-Met, Poland),
with a 37-mm diameter glass-fiber filter (Whatman In-
ternational Ltd, UK). The open-faced sampler was dis-
infected with 70% ethanol solution before each loading
with a filter, then loaded with a filter inside of a Class II
Biosafety cabinet (Esco Micro Pte Ltd, Singapore), and
transferred in a dust-free bag to the sampling sites. The
sets were operated at a flow rate of 2 1/min. The measuring
sets were calibrated before each sampling procedure using
a Gillibrator 2 calibrator (Sensidyne, USA). The sampling
took approximately 24 h. All the samples were collected
in 2 repetitions. After the sampling, the filters with col-
lected biological material were transported to the labora-
tory in a tightly closed bags.

The mass of airborne dust (in mg) collected on the filters
for the analysis of (1-3)-p-D-glucans was evaluated by
the gravimetric method. The filters were weighed before
and after sampling with accuracy equal to 0.01 mg using
CP 225D scales (Sartorius AG, Germany). Then the filters
were stored at —20°C and determinations were performed
after all the samples had been collected. The filters for as-
sessment of culturable fungi were analyzed immediately
after the measurement.

Air samples for analysis of fungal (viable and dead) spores
were collected using a Personal Volumetric Air Sampler
for glass slides (Burkard Manufacturing Co Ltd, England)

[JOMEH 2015;28(1)

at a flow rate of 10 l/min. The samples were collected
in 2 repetitions. Before each sampling, the sampler was
disinfected with 70% ethanol solution and fitted with
a standard glass microscope slide on which, in the cen-
tral part (2x2 cm), the optically clear adhesive vaseline
(Laboratorium Galenowe Olsztyn Sp. z 0.0., Poland) was
mounted. The sampling took 30 min. After the sampling,
the slides were removed from the sampler, transported to
the laboratory in special boxes and analyzed.

During indoor and outdoor bioaerosol sampling at the
same point, the basic parameters, such as: temperature,
relative humidity, CO, concentration and air flow velocity
were measured. The measurements were carried out using
the microclimate multifunction meter Testo 435-2 (Tes-
to AG, Germany) at the height of 1-1.2 m over the floor
level during 10 min. The values of individual parameters
were noted every minute, then the result was averaged for
a given measurement point.

Sample analysis

The filters for assessment of culturable fungi were put
into sterile containers, covered with 10 ml of Phosphate
Buffer Solution (BTL, Poland) and the biological mate-
rial on the filters was eluted by shaking on a platform
shaker (Johanna Otto GmbH, Germany) (shaking time:
60 min, shaking rate: 420 revolutions per minute). A ser-
ies of 10-fold dilutions was made from the obtained elu-
ates. Plates with Malt Extract Agar (soy peptone — 3 g/,
agar — 15 g/l, malt extract - 30 g/l (BTL Sp. z 0.0., Poland))
supplemented with streptomycin sulphate (130 mg/l, Sigma-
Aldrich Chemie GmbH, Germany) and chloramphenicol
(50 mg/l, PPH Galfarm Sp. z 0.0., Poland) were inoculated
with given volumes of eluates and their dilutions by a su-
perficial method. In order to determine the total number
of fungi, agar plates were incubated at 25+1°C for 7 days.
The colonies which grew on the plates were counted, and
taking into account the degree of the sample dilution and
the volume of aspired air, the obtained fungi concentration
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was expressed in terms of the number of colony forming
units per 1 m?of the examined air (cfu/m?). The detection
limit was 3.5 cfu/m’.

The analysis of (1-—3)-f-D-glucan concentrations in
the air samples collected on the filters was carried out
using Glucatell test in kinetic version (Associates of
Cape Cod Inc., USA) according to the procedure de-
scribed by Cyprowski et al. [15]. For all the samples, the
analysis was carried out separately for water-soluble (WS)
and alkali-soluble (AS) fractions of (1-3)-f-D-glucans.
Final concentration of (1-3)-f-D-glucans was the sum
of the 2 determined fractions. Taking into account vol-
umes of the air collected on the filters, the concentra-
tion values were expressed in ng/m®. The detection limit
was 0.008 ng/m’.

The slides for assessment of fungal spores were stained
with basic fuchsin and analyzed microscopically. The fun-
gal spores were counted under the 1000 X total magnifica-
tion of a light microscope (BX41, Olympus Corporation,
Japan) using immersion oil. Before the start of analysis,
the size of a single field of view obtained at this magnifi-
cation (0.038 mm?) and the size of trace on the adhesive
substance (14 mm?) (which was created during air sam-
pling), were determined using an objective micrometer
scale with an accuracy of 0.01 mm. At least 100 randomly
selected microscopic fields per sample trace on slide were
examined. Fungal spores were distinguished from other
airborne particles based on their morphological charac-
teristics with the aid of the illustrated identification key
available in the literature [16].

The total spores present in the sample trace on each slide
were estimated from total spores counted in all the ana-
lyzed microscopic fields and the fraction of total trace area
represented by the analyzed fields. The fungal spore con-
centrations in the air samples were estimated taking into
account the total spores per sample trace and the volume
of collected air. Results were expressed as spores/m®. The
detection limit was 12 spores/m’.

Statistical analysis

The concentrations of airborne culturable fungi,
(1-3)-B-D-glucans and fungal spores inside and outside
the flats with fungi problems were characterized using geo-
metric mean (GM), geometric standard deviation (GSD)
and the range of the observed values (min.-max). The val-
ues of indoor and outdoor microclimate parameters were
characterized by the use of arithmetic mean (AM), stan-
dard deviation (SD) and the range of the observed val-
ues. Spearman’s rank correlation coefficients were deter-
mined to test the association of environmental variables
and the biological contamination of air in the flats under
the study. The analysis did not include the correlation of
the investigated agents with the air flow velocity, because
the value of this parameter in all the investigated flats was
equal to 0 m/s.

Linear regression was used to compare airborne cultur-
able fungi, (1-3)-p-D-glucan and fungal spore concen-
trations with respect to subjectively assessed intensity of
dampness and signs of fungi growth in flats, the way the
flat is used (that could potentially affect the occurrence
of fungi) and microclimate measurements. For this analy-
sis, the measured values of each microclimate parameter
(with the exception of air flow velocity) were categorized
into 2 groups with the ranges of values favorable or unfa-
vorable for the occurrence of fungal growth. The group
with the range of unfavorable values for the occurrence
of fungi growth in a flat was the reference category.

In the case of subjective assessments of fungi growth, the
reference category was the group of questionnaire an-
swers pointing to the occurrence of the developed myceli-
um having the smallest reported size (< 0.25 m?) and color
of mycelium other than black and/or brown. In relation to
other signs of dampness and fungal growth, the answers
indicating the lack of a given sign were the reference cate-
gory. For the subjective assessments of the way the flat was
used, the reference category was a group of questionnaire
answers showing that the flat was used in a way which
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does not predispose to the occurrence of fungal growth.
The dependent variables were log transformed, with the
exception of microclimate parameter values. P-value
of 0.05 was used as the level of significance.

Predictive models for concentrations of the tested biologi-
cal agents with regard to various ways to assess the degree
of fungal contamination of the air in a flat (on the basis of
a questionnaire or a questionnaire and microclimate mea-
surements) were built. Partial least squares (PLS) regres-
sion was used to build the predictive models. Number of
components in the PLS model was selected using crossval-
idation (CV). We used root mean square error (RMSE)
and percent of explained variance (% VE) as measures of
predictive performance.

R Statistical Package (Version 3.0.1) was used to conduct
all the calculations [17].

RESULTS

Analysis of the questionnaire data indicates that
of the 22 tested flats in which the mycelium, developed
to a different degree, was observed on stable surfaces,
in 15 flats the inhabitants, additionally reported the pres-
ence of some signs of dampness on the walls or ceiling,
and in 6 — dampness was accompanied by the peeling off
paint. In 19 of the 22 flats the water vapor precipitated
on windows or other surfaces during the heating period,
but only in half of the flats the presence of perceptible
moisture in flats was reported. In 18 flats a developed
mycelium was observed on the surface of at least 0.25 m?,
and in the other 4 - on a smaller area. In over half of the
flats (59%) mycelium was black and/or brown, whereas in
the other cases there were other colors of the mycelium.
The presence of perceptible mustiness was reported only
in 8 of the 22 flats. Inhabitants of 9 of the 22 investigated
flats admitted that during the heating season a lower tem-
perature prevailed in the premises — no more than 20°C,
while in the other flats the temperature above that value
was maintained. Besides, in 9 cases, the rooms were aired
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several times a week, whereas the other flats were aired
every day during the heating season.

The arithmetic mean of temperature and relative hu-
midity measured in flats during the study reached 20.5°C
(SD = 24, range: 14-23°C) and 53.0% (SD = 9.5,
range: 38-76.4%), respectively and outside the build-
ings: 8.8°C (SD = 4.5, range: -2.7-14.0°C) and 48.5%
(SD = 17.6, range: 23-73.6%), respectively. At the same
time, the arithmetic mean of CO, concentration and the air
flow velocity in the flats were 1431.6 ppm (SD = 983.1,
range: 810-5606 ppm) and 0 m/s, respectively and in the
background - 489 ppm (SD = 49.9, range: 432-600 ppm)
and 0.4 m/s (SD = 0.2, range: 0.2-1 m/s), respectively.
Table 1 shows the geometric mean concentrations of cul-
turable fungi, (1—3)-p-D-glucans and fungal spores in the
indoor air of the investigated residential premises and in
the outdoor air. The geometric mean concentration of
culturable fungi, (1-3)-p-D-glucans and fungal spores
in the indoor air of the flats amounted to 2.9X10? cfu/m?,
1.6 ng/m*® and 5.7X 10°spores/m®, respectively.

The correlation analysis (Table 2) indicated that there was
a significant strong positive correlation between the con-
centration of culturable fungi in the indoor air of the in-
vestigated flats and the concentration of fungal spores, the
value of relative humidity and the level of CO, (p < 0.05).
In the case of fungal spore concentration, a significantly
strong positive correlation was observed between the val-
ue of relative humidity and the level of CO, in the flats
(p < 0.05). The value of relative humidity inside the inves-
tigated flats was significantly strongly positively correlated
with the concentration of CO, in the indoor air (p < 0.05).
Table 3 presents the results of the analysis of the indoor
concentrations of airborne fungi and their derivatives,
depending on the intensity — as declared by inhabitants —
of the occurrence of various signs of dampness, fungal
growth, declared temperature in the flat and intensity of
airing of the flat during the heating season, and the mea-
sured values of the indoor microclimate parameters. In



VISIBLE FUNGI GROWTH VERSUS FLATS' AIRBORNE FUNI ORIGINAL PAPER

Table 1. Concentrations of culturable fungi and their derivatives in the indoor air of the flats with signs of fungi growth

and in the outdoor air

Concentration of agent

indoor air of flats

Agent

outdoor air

(N=122) (N=122)
GM GSD min.—-max GM GSD min.-max
Culturable fungi (x 107 cfu/m?) 2.88 0.05 0.22-67.28 0.53 0.02 0.14-1.50
(1-3)-p-D-glucans (ng/m®) 1.56 1.97 0.28-4.13 2.06 1.52 0.42-2.86
Fungal spores (x10* spores/m®) 57.51 0.03 10.38-2 331.49 13.64 0.02 0.61-35.64

N - number of samples; GM - geometric mean; GSD - geometric standard deviation; min. — minimal value of the range; max — maximal value

of the range.

Table 2. The matrix of correlation coefficients (r) for bioaerosol components and parameters of the microclimate inside

the flats under the study (N = 22)

Correlation coefficient

Variable 1 5 3 1 P
1. Culturable fungi
2. (1-+3)-p-D-glucans 0.21
3. Fungal spores 0.64* -0.09
4. Temperature 0.19 0.16 0.16
5. Relative humidity 0.56* -0.02 0.56* 0.05
6. Concentration of CO, 0.66* -0.17 0.94* 0.14 0.66*

*p < 0.05.

the case of culturable fungi, such analysis indicates the oc-
currence of significantly higher concentrations in the flats,
where signs of developed mycelium were found on the sur-
face larger than 1 m* (p < 0.05). In the case of (1-3)-p-D-
glucans, significantly elevated concentrations were found
to be associated with the declared damp surface which
does not exceed 1 m?, signs of fungi growth on the surface
larger than 1 m? and with only black and/or brown myce-
lium (p < 0.05).

Analysis of the concentrations of fungi and their deriva-
tives in the indoor air, depending on measured values of
temperature, relative humidity and concentration of CO,
inside the flat indicated significantly elevated concen-
trations, both in the case of culturable fungi and fungal
spores at relative humidity higher than 60% (p < 0.05).

The multivariate analysis showed a moderate usefulness
of the investigated variables in evaluation of the actual lev-
els of culturable fungi and (1-3)-p-D-glucans, allowing
to explain no more than 61% and 67% of the variability of
actual concentrations, respectively. This analysis showed
lower usefulness of the investigated variables in evalu-
ation of the actual levels of fungal spores (VE < 29%).
In the case of assessment of the actual concentrations of
culturable fungi, the questionnaire evaluation supported
by measurements of selected parameters of indoor micro-
climate (VE = 61.2%) was shown to be more useful as
compared to the evaluation based exclusively on the ques-
tionnaire data (VE = 46.9%) (Table 4).

Figure 1 presents the ranks of subjectively ascertained signs
of dampness and fungal growth, declared microclimate
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conditions maintained in the flat, and objective measure-
ments of selected microclimate parameters in evaluation
of the actual concentrations of fungi and their derivatives
in the indoor air. The figure also presents the relative
importance of these variables, assuming the value of the
most important variable as 100%. In the case of culturable
fungi (Figure 1a), the group of the most important traits
for appropriate evaluation of the indoor air contamination
with this agent includes: subjectively reported presence of
dampness on the surface up to 1 m? traces of developed
mycelium on the surface larger than 1 m? only black and/
or brown mycelium and perceptible musty odor. In the case
of (1-3)-p-D-glucans (Figure 1b) the group of the most
important traits includes the same subjective signs, except
for the musty odor. As regards fungal spores (Figure 1c),
an important role in evaluation of the actual degree of
the indoor air contamination with this agent was that of:
declared, by the inhabitants, maintenance of temperature
above 20°C in the flat during the heating season, the signs
of dampness and peeling off paint on the walls and/or ceil-
ing, dampness of the surface up to 1 m? signs of mycelium
on the surface larger than 1 m? and measurement of rela-
tive humidity irrespective of the obtained values.

Additionally, to evaluate the reliability of the question-
naire interview used in this study (as the cheapest and sim-
plest method) for assessment of the indoor air quality, the
predictive values of the levels of the tested agents in the
air of the analyzed flats were calculated. The calculations
were based on the predictive model, taking into account
only the subjective evaluation of fungal growth in the flats
(without measurement of the microclimate). Figures 2a—c
list the stipulated (according to the predictive model) and
measured values of fungi and their derivatives in the in-
door air of the investigated flats. Figures 2a and 2c also
highlight the level of the recommended reference value
for a given agent or if there is a lack of this value - the le-
vel of the limit value at which adverse symptoms of the
respiratory tract may occur. The reference to these values

was a basis to assess the usefulness of the questionnaire
interview used in this study for a qualitative analysis in epi-
demiological studies.

In the case of culturable fungi (Figure 2a) it has been dem-
onstrated that at predicted values of their concentrations
below 5x 10 cfu/m®, the upper limit of 95% predictive in-
tervals for these values seldom exceeded the reference val-
ue recommended in Poland (5% 10° cfu/m?) [18]. In such
cases, assessment of the indoor air contamination in the
investigated flats could be based only on the results of the
questionnaire, because the ranges of fungi concentration
values stipulated according to these results usually did not
exceed the reference value. With the predicted values of
fungi concentrations above 5x 10? cfu/m®, the upper limits
of predictive intervals for these values considerably ex-
ceeded the reference value recommended in Poland. This
wound point to the demand for verification of question-
naire information in these cases, by the measurement of
fungi concentrations aimed at an appropriate assessment
of the indoor air contamination with this agent.

In the case of (1—3)-B-D-glucans (Figure 2b), no refer-
ence or limit value for the concentration of this agent in
the indoor air is accessible in the relevant literature. For
this reason, evaluation of the usefulness of the question-
naire applied in this study for the qualitative analysis of
air contamination with this agent is difficult.

As regards fungal spores, when predicted values of spore
concentrations ranging below 1x10* spores/m® are ob-
tained, the upper limit of predictive intervals for these
values did not exceed the value equal to 10° spores/m’
(Figure 2c). This value is defined as the lowest observed
effect level (LOEL) in relation to non-allergic people [19].
In such case, these results suggest a possibility to base as-
sessment of the investigated flats indoor air contamination
with spores only on the questionnaire data. When spore
concentrations predicted values above 1x10* spores/m’
were obtained, the upper limits of predictive intervals for
these values considerably exceeded the LOEL. In such
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3 1 - dampness on the surface (wall/ceiling) up to 1 m% 2- perceptible
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3 f per week during the heating season; 7 - perceptible moisture in the flat;
8 [r— 8 — condensation of water vapor on the windows and other surfaces in
9 fr— the flat during the heating season; 9 — damp stains and peeling off paint
11? :l:l on the walls/ceiling; 10 - perceptible musty odor in the flat; 11 - tem-
1) perature in the flat during the heating season > 20°C (based on the
3= questionnaire); 12 — temperature measurement in the flat; 13 - relative
E - humidity measurement in the flat; 14 — fungi growth on the surface (wall /
‘ ‘ ‘ ‘ ceiling / windowsill / seal windows / furniture) of 0.25-1 m? 15 - damp-
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Relative importance (%) ness on the surface (wall/ceiling) bigger than 1 m?
9 1 - temperature in the flat during the heating season > 20°C (based
%% ; on the questionnaire); 2 — dampness on the surface (wall/ceiling) up
2, to 1 m% 3 — damp stains and peeling off paint on the walls/ceiling;
€y \ 4 - relative humidity measurement in the flat; 5 - fungi growth on the
2 surface (wall / ceiling / windowsill / seal windows / furniture) bigger
] than > 1 m? 6 - perceptible moisture in the flat; 7 - CO, concentra-
¢ tion measurement in the flat; 8 - dampness on the surface (wall/ceil-
9 [— ing) bigger than 1 m% 9 - condensation of water vapor on the windows
10 [ . . .
g — and other surfaces in the flat during the heating season; 10 - tempera-
1 [ ture measurement in the flat; 11 — the flat airing during the heating
B = season every day < 1 h; 12 — the flat airing several times per week dur-
E - ing the heating season; 13 — fungi growth on the surface (wall / ceiling /
0 2‘0 4‘0 6‘0 8‘0 B windowsill / seal windows / furniture) of 0.25-1 m? 14 - perceptible
Relative importance (%) musty odor in the flat; 15 — black or brown mycelium on the surface.

Relative importance of these variables are presented, assuming the value of the most important variable as 100%.

Fig. 1. The ranks of subjectively found signs of dampness and fungal growth, declared microclimatic conditions maintained
in the flats and objective measurements of selected microclimatic parameters for assessment of actual airborne concentrations of:
a) culturable fungi, b) (1-3)-p-D-glucans, c) fungal spores in the flats

[JOMEH 2015;28(1)



VISIBLE FUNGI GROWTH VERSUS FLATS' AIRBORNE FUNI ORIGINAL PAPER

10000

oo

P=

S

>
I

=

=3

S

S
I

Concentration of culturable fungi (cfu/m’

4000

* 2]
2000 1 [ L !
! lﬁlﬁ J« i

Concentration of (1—3)—B-D—glucans (ng/m’)

120

100

80

60

Concentration of fungal spores (x10° spores/m’)

40 H

*
* 70 4 *
*
0 * i * ¥ 3

5 10 15 20 5
Flat

T T T T T T
15 20 5 10 15 20
Flat Flat

* The measured value of concentration of a given agent in the indoor air of tested flat.

* The predicted value of concentration of a given agent in the indoor air of tested flat, calculated on the basis of the predictive model, taking into
account the questionnaire responses (without the microclimate measurement).

Vertical lines in the figure represent 95% predictive intervals for individual predicted values of the concentration of given agent; horizontal line in
the figure represents in the case of culturable fungi a) - the level of the recommended in Poland reference value of this agent concentration in the
indoor air of flats [18] and in the case of fungal spores c) — airborne concentration defined as the lowest observed effect level (LOEL) in relation

to non-allergic people [19].

Fig. 2. The predictive values based on the predictive model (taking into account only the questionnaire evaluation of the flat’s fungal
contamination) and measured values of the indoor airborne concentrations of: a) culturable fungi, b) (1-3)-8-D-glucans, c) fungal

spores in the flats under the study

cases this would point to the need to verify the question-
naire information through the measurement of fungal
spore concentrations for an appropriate assessment of the
indoor air contamination with them.

DISCUSSION

The subjective evaluation, by the users, of fungal contami-
nation of flats with developed mycelium on stable surfaces
in these houses also showed many other signs of fungi
growth and presence of dampness and often also creation,
by the inhabitants during the heating season, of microcli-
matic conditions which support the growth of fungi (insuf-
ficiently heated flats and too low a frequency of airing the
premises). However, the measurement of microclimate
parameters in the investigated flats showed a moderate
average temperature and relative humidity, which may
result from a brief measurement of these parameters or
may reflect a discrepancy between actual microclimate

conditions in the flat and their assessment by the respon-
dents. In turn, an elevated average concentration of CO,
indoors and lack of air flow noted in the investigated flats
may suggest a limited ventilation of the flats and confirm
the questionnaire data related to their rare airing.

Despite the declared —in the questionnaire — occurrence of
the signs of indoor fungi growth, only in few cases (2 flats)
the indoor airborne concentration of fungi exceeded the
reference value of 5X10° cfu/m* recommended by Polish
experts for domestic environment [18]. The concentra-
tions of fungi were comparable to the results obtained by
various measuring methods for winter season in a similar
Polish research carried out by Pastuszka et al. [20], but
lower than those obtained by Gutarowska et al. [21] (that
author did not specify the season in which the study was
carried out). Besides, those levels were lower than the
results obtained in winter in Austrian houses with visible
traces of fungal growth [22], but slightly higher than those
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noted in Finnish houses [23]. At the same time, the ob-
tained airborne fungi concentration in the investigated
flats was even by one order of magnitude higher than that
found in the winter in houses without any traces of flood-
ing or growth of fungi [23-25], but only slightly higher than
in similar studies carried out by Haas et al. [22]. These
results may point to rather moderate contamination of the
investigated flats’ indoor air with fungi, although indirectly
they may confirm the signs of fungi growth in the premises,
as declared in the questionnaire.

Evaluation of the concentrations - found in our study -
of fungal derivatives, i.e., (1-3)-B-D-glucans and fungal
spores in the indoor air, is difficult because of a lack of
reference values of these agents in Polish conditions. Simi-
larly, comparing them with the results obtained by other
researchers in the studies carried out in flats with fungal
growth and those free from fungal signs is difficult because
different analytical methods were used, and the results are
presented for total number of flats or seasons. According
to the accessible literature data, the levels of (1-3)-p-D-
glucans noted in our study were in the lower part of a wide
range of concentrations of this agent (0.2-106 ng/m’)
found in houses with different extent of fungal contamina-
tion [9,10]. They were simultaneously corresponding with
the level of glucans detected by Lee et al. [26] in American
houses without a clear growth and odor of fungi, which
may probably result from different climates. However,
this comparison may suggest a rather low degree of fungal
contamination of air in the investigated flats, especially
because (1-3)-p-D-glucans are contained not only in fun-
gi but also in pollen, plants and some bacteria [27], which
may constitute a source of this agent in the indoor air.
The airborne concentration of fungal spores (viable and
non-viable) noted in the investigated flats was much lower
than in the houses contaminated with fungi after flood-
ing [28], but by one order of magnitude higher than in
the houses free from fungi [25,26]. This fact may confirm
the inhabitants” questionnaire declarations related to the

[JOMEH 2015;28(1)

occurrence of fungal contamination signs in their flats. In
one of the investigated flats, the airborne concentration
of that agent exceeded the value of 10° spores/m’, deter-
mined as the lowest observed effect level (LOEL) in rela-
tion to non-allergic people [19].

An additional premise of the existence of an internal
source of fungi in the investigated flats is the fact of reach-
ing higher maximum concentrations of fungi and their
derivatives in the indoor air, as compared to those in the
outdoor air, during the analyzed heating season, when the
inflow of these agents from the outside is usually limited
due to a lower frequency of airing the premises.

The statistical analysis indicated a significant positive cor-
relation of culturable fungi concentrations in the indoor
air with spores, similarly as in the research conducted in
houses with fungal contamination by Rao et al. [28] and
in ”pure” houses — by Lee et al. [25], but there is no sig-
nificant correlation of the levels of each of the mentioned
agents with the amount of (1-3)-B-D-glucans, contrary
to the results obtained by these researchers [26,28] and
by Reponen et al. [29]. A strong correlation between the
concentration of culturable fungi and airborne fungal
spores seems to be natural, because it results from the fact
that the number of fungal spores presented in the stud-
ies and determined by the microscope counting method
constitutes the total of viable and non-viable spores. The
lack of correlation between the levels of fungi and spores
and the levels of glucans contained in fungal cellular wall
may be associated with the differentiated content of these
compounds in various species of fungi [30] or with the
existence of other sources of glucans in flats, e.g., pol-
len, plants and certain bacteria [27], which may disturb
this correlation. The concentration of culturable fungi and
fungal spores correlated significantly positively also with
the values of relative humidity and levels of CO, in flats,
which may confirm that dampness and poor ventilation of
premises enhance the growth of fungi and their density in
the indoor air.
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The comparison of airborne concentrations of fungi and
their derivatives, depending on the declared intensity of
the occurrence of various signs of dampness and fungi
growth and on the way the flat is used showed significant
differences in the case of several reported signs of flat con-
tamination. Significantly higher levels of fungi occurred,
similarly as in the studies conducted by Haas et al. [22],
when the declared surface covered by the growth of fungi
was > 1 m? (as compared to small or point traces cover-
ing < 0.25 m?). The same correlation was observed for
fungal derivatives — (1-3)-p-D-glucans. This may imply
that contamination of smaller areas only insignificantly
contributes to air contamination. Such correlations were
not observed for spores. Probably this results from short
sampling which because of a high variability of airborne
spores distribution within 24 h [23] may not wholly pre-
sent its actual contamination [31,32].

The study also showed a significantly elevated concentra-
tion of (1-3)-p-D-glucans with reported dampness of
the < 1 m? surface, as compared to its lack, which is hard
to explain especially because no such correlation was found
with the > 1 m*> dampness surface. This correlation is not
confirmed by other studies in houses, which may suggest
that it should be treated with a certain caution. On the other
hand, the observed black and/or brown color of mycelium,
as opposed to other colors of traces of the fungi growth,
was significantly associated with the elevated airborne con-
centrations of (1-—3)-p-D-glucans. This may probably be
explained by the fact that the dark color of the colonies
of some fungi which are found in the houses contaminat-
ed with fungi (e.g., Cladosporium, Alternaria, Stachybot-
1ys) [3,21,33,34] may often indicate the maturity of fungal
culture and intense sporulation, which presumably supports
the air contamination with fungi and their derivatives.

A comparison of airborne levels of fungi and their de-
rivatives in the investigated flats, depending on measured
values of the indoor microclimate parameters favourable
or unfavourable for the occurrence of fungi growth in

premises, showed significantly elevated concentrations of
culturable fungi and fungal spores only at the air relative
humidity above 60%. This complies with earlier findings
according to which, exceeding of such value in flats may
support the growth of fungi on different surfaces [35], and
consequently contaminate the air with spores.

The multivariate analysis indicated moderate usefulness
of subjective evaluation of the analyzed signs of dampness
and fungal growth in flats and characteristics of microcli-
mate for evaluation of the actual concentrations of cultur-
able fungi and (1-3)-p-D-glucans in the indoor air and
limited usefulness for evaluation of fungal spore concen-
trations. In the case of evaluation of the actual concen-
trations of culturable fungi, higher usefulness of question-
naire evaluation was demonstrated, supported by mea-
surements of selected parameters of the indoor microcli-
mate, as compared to the evaluation based exclusively on
the questionnaire data. A limited correlation between the
reported visual and sensory signs of dampness and fungi
growth, and found out airborne levels of fungi and their
derivatives, may result from the “randomness” of inspec-
tors’ observation, which may affect the quality of their
evaluation. This premise may point to the possibility that
the data collected in the questionnaire are encumbered
with certain error. Another explanation of the lack of the
correlation between subjective evaluations and objective
measurements may be the lack of the air flow in the inves-
tigated flats. This fact may inhibit suspending of fragments
of fungi and fungal spores in the air, even with their high
levels released from the infected surfaces.

The study also showed a discrepancy between fungi and glu-
cans, and fungal spores, in arrangement of the importance
of subjectively found signs of dampness and fungal growth,
declared microclimatic conditions maintained in the flat
and objective measurements of selected microclimatic pa-
rameters for assessment of the actual concentrations of the
investigated contaminants. Presumably this may point to dif-
ferent factors affecting the airborne levels of fungal spores,
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as compared to fungi and glucans. Of the analyzed traits, the
declared presence of mycelium on the > 1 m* surface was
characterized by high importance for correct assessment of
the concentrations of all the tested agents. This would sug-
gest that it is necessary to include the question related to this
trait in the structure of questionnaires assessing the indoor
air contamination with fungi and their derivatives.

Despite the limited precision of the quantitative assess-
ment of actual contamination of the indoor air with the
investigated agents carried out with the use of a set of
questions, such evaluation could be useful in epidemiolog-
ical studies for qualitative evaluation of the indoor air. As
revealed in the predictive models analysis, the subjective
evaluation of fungal contamination signs in flats, based on
the applied questionnaire, could allow for prediction of
possible occurrence of concentrations of a given agent in
the indoor air which exceed the reference or limit value.
This analysis also demonstrates that the questionnaire
used in this study in some cases could confine the need to
conduct additional measurements of biological agents and
their derivatives without any adverse effects on reliability
of evaluation of the quality of air in the flats.

Because of the small sample size (N = 22) the presented
analysis has significant limitations and the results are not
very conclusive. Therefore, further studies with a larger
number of flats are needed.

CONCLUSIONS

The actual mycological contamination of the indoor air
was significantly correlated with the size of the surface —
as declared by the respondents — covered by the growth
of fungi, surface with traces of dampness, observed color
of the developing mycelium and the actual, supported by
measurements, relative humidity level within the premises.
Subjective evaluation of specific signs of fungal contami-
nation of flats, separately or combined with measurement
of microclimate parameters, appeared to be moderately
useful for quantitative evaluation of the actual degree of
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air contamination with fungi and their derivatives and
could be recommended for use in epidemiological studies
if identification of home exposure to fungi is important.
More extensive studies are needed to strengthen the re-
sults of this analysis.
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