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Abstract:  The paper summarizes the current state of knowledge regarding the role of 
filamentous microorganisms (i.e., fungi and actinomycetes) and their submicrometer 
propagules (fragments) in formation of indoor bioaerosol. It discusses the importance of 
water damages in buildings and the role of humidity as a cause of fungal and 
actinomycetal contamination and subsequent deterioration of indoor spaces. The 
importance of the size of airborne microbial propagules for adverse health effects is 
broadly commented as well. Regarding the microbial fragments, the method of their 
release from the contaminated surfaces (including factors influencing their 
aerosolization, i.e., air velocity, colony structure, moisture conditions, vibration of the 
surface, time factor), modern measurement techniques and newly obtained results of the 
immunological reactivity of fragments are discussed. The novel ideas concerning the 
dynamic description of the release process of microbial propagules from their sources 
are also presented. 
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INDOOR AIR QUALITY – A SERIOUS 

ENVIRONMENTAL PROBLEM 
 
Indoor air quality has always been within people’s 

scope of interest. Every biohazard, which is unwelcome in 
the specific environment, can be counted as its 
contamination. Although there is no indoor space which is 
sterile and free from microbial contamination (except for 
special assignments, e.g., in the pharmaceutical or 
biotechnological industries), the presence of biological 
contaminants in low concentrations can be treated as a 
“normal”. The contamination problem can be recognized, 
while the concentration of biological agent(s) arises above 
background level, permitted for a specific environment. 
The problem of microbial contamination of indoor spaces 

connected with biodeterioration of materials and buildings 
accompanies mankind in the dawn of its history. Probably 
the first reference about the destructive influence of 
fungal flora on human dwellings and clothes is found in 
the 3rd Book of the Bible, Leviticus [13]. Through the 
centuries, the development of civilization was inseparably 
connected with an expansion of microbial colonization on 
places and abodes in which humans had dwelled. 
Prehistoric times (confirmed by the analyses of rock 
paintings from Paleolithic caves) [23, 28, 68, 149], 
archeological investigations [14, 54, 85, 172] and 
conservation studies [55, 97, 127, 146] have revealed that 
the destruction of organic and inorganic materials was 
mainly connected with fungal and actinomycetal 
biodeterioration activities.  
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MICROBIAL CONTAMINATION AS A RESULT 
OF WATER DAMAGES IN BUILDINGS  

 
Buildings are constantly subjected to microbial 

exposure. During particular periods of building use, its 
construction elements undergo an environmental stress 
created by the presence of different forms of water. Each 
time when the water appears on the surfaces of 
construction materials or penetrates them through holes 
and cavities, it can provoke microbial contamination. 
Such a situation is particularly visible in the case of water 
damage. In buildings, this is relatively common and 
usually associated with mould problems. The scale of this 
phenomenon is confirmed by numerous studies. American 
investigations reveal that 27-56% of homes have 
problems with visible fungal contamination of surfaces, 
and/or bad quality of indoor air [25, 29, 38, 159]. In 
Europe, this percentage ranges from 12–80% [1, 11, 18, 
20, 77, 84, 117, 123, 137, 139, 148, 173, 176].  

Microbial contamination of buildings is very often 
connected with environmental disasters. One of the latest 
examples is the flood in Poland in 1997 [116]. In 
consequence, 20% of civil parishes sustained significant 
losses, 500,000 hectares of urbanized area with 680,000 
dwellings and several thousand factories and institutions 
were flooded. It could be assumed that in such numbers 
and scale a long term effect damaging the moist buildings 
and provoking serious health outcomes may influence 
most of the family members, whose dwellings had not 
been rebuilt, drained or protected against moulds. The 
scale of such problems is usually high. Only in Germany 
the costs caused by mould damage in buildings are 
estimated to the amount of more than 200 million Euro 
per year [150]. 

 
HUMIDITY AS A KEY FACTOR INITIATING 

MICROBIAL CONTAMINATION OF BUILDING 
 
Colonization abilities of microorganisms present in 

indoor environment are determined by the physical and 
chemical characteristics of building materials. Among the 
most important factors, the nutritional substances derived 
from building materials, together with the moisture content 
in the substrate, initiate the development of microbial 
colonies. Therefore, the growth of microorganisms depends 
to the highest degree on the availability of water freely 
bounded by adsorption and absorption forces in capillary 
spaces of a building material. 

In microbiology, the moisture availability in hygroscopic 
and porous materials is described by the parameter of 
water activity, aw, which is the ratio of the vapour 
pressure exerted by water in the material to the vapour 
pressure of pure water at the same temperature and 
pressure [45, 76, 112, 187]. Several studies have shown 
that aw equal to 0.65 is the lowest value necessary to 
initiate the microbial growth on the material containing 
enough nutrition substances [1, 45, 48, 63, 112]. The aw 
value below 0.55 causes DNA denaturation [66]. Hence, 

microbial activity and their ability to conquer the new 
surfaces increases as the water activity approaches 1, i.e., 
when water is freely available [101, 131]. Based on aw 
parameter, fungal and actinomycetal microorganisms can 
be categorized according to their ability to initiate the 
growth on building materials and the order in which they 
appear on material’s surface as primary, secondary, and 
tertiary colonizers. Such combined classification for 
several fungal and actinomycetal strains is presented 
below [2, 19, 48, 63, 64, 125, 147, 184]: 

- primary colonizers (aw<0.85): Alternaria citri, 
Aspergillus (Eurotium) amstelodami, A. candidus, A. (E.) 
glaucus, A. niger, A. penicillioides, A. (E.) repens, A. 
restrictus, A. versicolor, Paecilomyces variotii, Penicillium 
aurantiogriseum, P. brevicompactum, P. chrysogenum, P. 
commune, P. expansum, P. griseofulvum, Wallemia sebi; 

- secondary colonizers (aw=0.85-0.90): Aspergillus 
flavus, Cladosporium cladosporioides, C. herbarum, C. 
sphaerospermum, Mucor circinelloides, Rhizopus oryzae; 

- tertiary colonizers (aw>0.90): Alternaria alternata, 
Aspergillus fumigatus, Epicoccum spp., Exophiala spp., 
Fusarium moniliforme, Mucor plumbeus, Phoma herbarum, 
Phialophora spp., Rhizopus spp., Stachybotrys chartarum 
(S. atra), Trichoderma spp., Ulocladium consortiale, 
Rhodotorula spp., Sporobolomyces spp., Actinomycetes. 

 
SURFACE BIODETERIORATION  

 
Regarding the nutrition requirements, moulds are 

incredibly elastic and have very broad adaptation 
possibilities. These microorganisms gain basic nutrients, 
rich in carbon and nitrogen, due to the decomposition of 
organic materials [1, 31, 90, 112, 185]. The majority of 
fungi present in indoor environment is saprophytic, which 
means that in dwellings they gather nutrients from dead 
moist materials such as: wood, paper, paints, glues, soil, 
dust, food chips, etc. However, they are able to 
successfully grow on surfaces consisting of inorganic 
moist material (glass, fibreglass, metal or concrete) 
covered with dust, air contaminants or even finger-marks, 
creating invisible layer of biofilm [1, 21, 27, 31, 50, 135, 
150, 174, 180]. The Actinomycetes resembles fungi in the 
decomposition of many organic compounds, such as 
lignin, pectin, chitin, keratin, collagen, elastin, and starch 
[90, 91]. Both groups of microorganisms during the 
growth process produce and excrete many strong enzymes 
and acids which can efficiently destroy and/or disintegrate 
organic materials. Among fungi there are many organisms 
with strong cellulolytic (e.g., Trichoderma, Botrytis, 
Chaetomium, Alternaria, Stemphylium), proteolytic (e.g., 
Mucor, Chaetomium, Aureobasidium, Gymnoascus, 
Trichoderma, Verticillium and Epicoccum), and lipolytic 
properties (e.g., fungi from the previous group plus 
Paecilomyces) [9, 36, 49, 52, 64, 93, 164, 165]. Fungi can 
also produce strong mycotoxins [39, 86, 95, 125, 126, 
169, 170]. Among actinomycetes, especially within the 
genus of Streptomycetes, there are several strains with 
strong proteo- and collagenolytic properties [91, 134].  
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EPIDEMIOLOGY OF MICROBIAL 
CONTAMINATION IN A NON-INDUSTRIAL 

INDOOR ENVIRONMENT 
 
The threat to human health caused by microorganisms 

is substantial. According to Zyska [187], in Poland 8 
million people in 2.7 million dwellings are in danger due 
to mould allergens and mycotoxins contaminating building 
materials; 6 million inhabitants in 2 million dwellings are 
exposed to fungi derived from decaying wood. As stated 
earlier, fungi and actinomycetes have the ability to evoke 
biological corrosion of building materials and thereby 
load the indoor air with numerous harmful substances and 
structures possessing biological activity. This is particularly 
important in the case of microbial contamination of 
indoor air where often exposure to high concentration of 
biological aerosols initiate immunopathogenic reactions 
leading to serious health outcomes.  

Although there is evidence that damp indoor environment 
and, in consequence, the growth of filamentous fungi, are 
strongly connected with symptoms and diseases of the 
human respiratory tract [15, 51, 78, 104, 107, 133, 159, 
175]. The relationship between the amount of inhaled 
fungal propagules and induction of respiratory health 
outcomes, however, is still unclear and controversial [24, 
51, 53, 79, 81, 82, 120, 136, 144, 166]. While some 
investigations show that adverse health effects in mouldy 
buildings are a result of exposure to high concentrations 
of airborne fungal spores [83, 138, 178], other studies 
have a problem drawing such a link, mainly due to the 
lack of difference between the fungal spore concentration 
in damp and healthy buildings [47, 82, 124, 163]. Adverse 
health effects, if they are noted, are associated with 
children [30] as well as with adults [29, 151]. They are 
observed in different indoor spaces from day-care centres 
[96] and schools [34, 119, 167], to homes [151].  

Much less is known about the causative role of 
Actinomycetes in adverse health outcomes observed in 
indoor environment. This group of bacteria is relatively 
numerous indoors [56, 72, 111, 122] and can provoke 
acute lung diseases and allergic reactions [89, 100, 121, 
155, 156, 162]. As has been shown, the spores of 
Streptomyces isolated from mouldy buildings are 
cytotoxic and able to stimulate mouse and human 
macrophage cell linings to produce proinflammatory 
cytokins, tumour necrosis factor, interleukin-6 and to 
induce the expression of inducible NO synthase with 
subsequent NO production [73, 80, 87, 88]. They are even 
more active in vitro than fungal spores [80].  

 
PARTICLES IN HUMAN RESPIRATORY TRACT 

 
Biological aerosols can penetrate into the human body 

through the nose, mouth and conjunctiva epithelium, 
bronchi and alveoli, as well as the epidermis (mainly on 
hands) [37]. In the human respiratory tract, the 
penetration depth and behaviour of bioaerosol particles 
depends on their size, shape, density, chemical 

composition and reactivity. Particles, which enter the 
respiratory system can be deposited by 5 major 
mechanisms: impaction, sedimentation, diffusion, 
interception and electrostatic precipitation [10, 16, 109, 
142]. The majority of particles with a diameter greater 
than 10 µm, and up to 80% of particles with diameters 
between 5-10 µm, is trapped in the nasopharyngeal region 
due to inertial impaction and centrifugal condensation 
resulting from anatomic formation of these stages of the 
respiratory tract (where the air stream gain has the highest 
velocity) [128, 171]. For particles with an elevated ratio 
between their length and diameter (e.g, for fungal spore 
chains), these 2 processes are assisted by the interception 
mechanism [142]. For particles with diameters above 0.5 
µm, the primary deposition mechanisms are 
sedimentation and impaction, which take place in bronchi, 
bronchioles, and alveoli, where the air velocity is low 
[118] and a probability of deposition is directly 
proportional to the residence time [171]. For particles of 
less than 0.5 µm, diffusion is the major mechanism for 
particle separation from the air stream. This process 
depends (inversely proportional) on particle diameter and 
is supported by electrostatic precipitation resulting from 
interaction between surface and particle charges [114, 
115, 171]. Submicron particles, especially these below 0.1 
µm, penetrate deeper in to the lungs and are deposited 
almost solely through the diffusion mechanism. 

Several field studies show that microbial particles with 
diameters below 2.5 µm (i.e., actinomycetal spores, 
majority of fungal spores present in indoor environment), 
if they are inhaled, are the most dangerous for human 
health. Having abilities to avoid numerous defence 
systems in the respiratory tract (e.g, ciliated epithelium, 
mucus, saliva, etc.), they can load the body with high 
concentrations of very reactive compounds derived from 
microorganism propagules [57, 58, 160]. 

 
MEASUREMENT OF SUBMICROMETER 

BIOAEROSOL PARTICLES  
 

There are several sampling instruments, which can be 
used in submicrometer particle measurements. The 
majority of them are used for particulate aerosol 
sampling. The necessity for the preservation of certain 
features (such as cell integrity, viability, biological 
activity) characteristic for the particles of biological 
origin can limit the application of particular samplers for 
bioaerosol measurements. Nevertheless, a relatively broad 
spectrum of instruments enables the selection of a proper 
sampler. Because a bioaerosol measurement is usually a 
2-phase procedure, i.e., isolation of particles (e.g., 
microorganisms) with their subsequent identification, the 
ideal device should allow the simultaneous performance 
of quantitative and qualitative analyses.  

The first device, for a tempting to perform these 2 tasks 
is the Ultraviolet Aerodynamic Particle Sizer® (UVAPS, 
TSI Inc, ST. Paul). This spectrometer measures 3 
parameters in real time. It monitors aerodynamic size and 
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scattered light for particles from 0.5–15 µm, and the 
fluorescence characteristics of individual particles to 
distinguish airborne biological propagules (containing 
NADH, NADPH, and riboflavin) from most inanimate 
materials [3, 4, 5, 6, 10, 17, 69, 74]. The main advantage 
of this device is its ability to distinguish particles of 
biological origin in the cocktail of all environmental 
particles and to quantify them; detailed genus/species 
identification, however is not possible. Unfortunately, the 
UVAPS has the same weakness as many other real time 
samplers, i.e., physical separation of microorganisms for 
further analysis to the genus and/or species level is not 
possible. Therefore, to obtain quantitative and qualitative 
data, it is still necessary to use a combination of 2 (or 
more) samplers, for the measurement of bioaerosol 
concentrations and size selective separation, followed by 
qualitative macro- and microscopic evaluation. Within the 
submicrometer size range of particles, both microbial 
spores and vegetative cells can be found, as well as their 
own fragments and fragments of structural elements of 
their colonies. Regarding the fungal fragments, a majority 
of these small propagules derive from different structural 
elements of their spores and hyphae. In the case of 
actinomycetes, particles below 1 µm can represent both 
intact spores and fragments of spores or hyphae. Based on 
that, it seems to be of a great importance to select the 
device which collects with high efficiency all particles 
with diameters below 1 µm.  

There are several instruments on the market today 
which can descent to a measurement and separation of the 
particles to the decimal or hundredth part of a micrometer. 
Among them are: 1. for the concentration measurements – 
optical particle counters (OPC), condensation nuclei 
counters (CNC), and aerodynamic particle sizers, 2. for 
size selective separation of particles – cascade impactors, 
and 3. combining both the above-mentioned features – 
electrical low pressure impactor. The optical particle 
counters, based on light scattering, measure the 
concentration of particles in the (optical equivalent) size 
range of 0.25–32 µm (e.g., Grimm 1.109, Grimm Aerosol 
Technik GmbH, Ainring). In the condensation nuclei 
counters, upon entering the instrument, particles pass 
through a saturator tube where they mix with an alcohol 
vapour and then through a condenser tube where alcohol 
condenses on the particles causing them to grow into 
droplets. These can be counted passing through a laser 
beam and producing flashes of light which are registered 
by a photodetector. Such types of counters can define 
particle concentrations within the range of particle 
diameters between 0.01-2 µm (e.g., P-TRAK™, TSI Inc., 
St. Paul). Aerodynamic particle sizers (aerosizers) 
quantify particles based on their aerodynamic diameters 
and light-scattering intensity. They give high-resolution, 
real-time aerodynamic measurements in the range from 
0.2–200 µm (e.g., Aerosizer DSP, TSI Inc., St. Paul). 
Impactors are a single or multi-stage, multi-orifice 
samplers designed to measure the aerodynamic size 
distribution and mass concentration levels of particles. To 

detect particles down to hundredth parts of a micrometer, 
multi-stage impactors are usually used (e.g., Sierra 210 - 
10-stage, Andersen Samplers Inc., Atlanta; Mark II - 8- 
and 7-stage or Marple 290 - 8-stage personal cascade 
impactor, all from Thermo Electron Corp., Atlanta). Such 
instruments consist of a series of jets and impaction 
surfaces. At each stage, an aerosol stream passes through 
the jets and impacts upon the surface. Particles in the 
aerosol stream with significant inertia settle upon the 
impaction area. Smaller particles pass as aerosols on to 
the next jet stage. By designing the following consecutive 
stages with higher aerosol jet velocities, smaller diameter 
particles are collected at each subsequent stage, giving the 
cascade effect of separation. In such a way, particles with 
aerodynamic diameters between 0.08-35 µm can be 
separated. The electrical low pressure impactor (ELPI™, 
Dekati Ltd., Tampere) enables real time particle size 
distribution and concentration measurements in the size 
range 0.03-10 µm. ELPI combines the accuracy of 
impactor size classification and rapidity of electrical 
detection for the same device. A precisely known charge 
given to particles in the charger is measured in real time 
with highly sensitive multichannel electrometers as the 
particles impact the collection plates. With ELPI it is 
possible to measure transient particle size distributions in 
a wide size range of particles and concentrations.  

It should be clearly stated that the possibility to 
measure such small particles has its negative implications. 
As a cost of the descent to such small diameters, problems 
arise connected with the sampling and further analysis of 
the collected material. The application of the high flow 
rates during the sampling for a separation of 
submicrometer particles results in the creation of 
additional biological stress. Depending on the sampler, it 
can cause desiccation, bounce and reaerosolization, or 
even the death of biological particles as an effect of the 
impaction process or differences in electrical charges 
between bioaerosol particles and electrical elements of the 
analyzer [108, 168]. Usually, to have an opportunity to 
perform further analysis of the colleted microbiological 
material, it is necessary to apply additional specific 
separation technique (e.g., covering impaction plates with 
sticky tape or grease).  

 
THE MICROBIAL SOURCE STRENGTH 

CONCEPT 
 
Exposure to biological aerosols in the indoor 

environment is still insufficiently explored. A clear 
description of the dose-response relationship for the 
majority of biological agents cannot be established. One 
of the reasons seems to be the inadequacy of analytical 
methods applied in bioaerosol exposure assessment. In 
shortly, traditional methods of fungal and bacterial 
aerosol sampling and analysis focus on quantitative and 
qualitative evaluation of microbial spores and vegetative 
cells, omitting the role of small fragments of their 
structural elements. The duration of bioaerosol sampling 
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is usually short, and therefore not adequately represent the 
real degree of environmental contamination [75, 79, 104]. 
Moreover, in many situations, the bioaerosol sampling is 
not the proper way to evaluate the indoor air quality. 
Reliable measurement results can be biased at the time of 
measurement, i.e., the moment of microbial propagule 
release into the air may be sporadic, irregular, dependent 
on physical factors, sensitive to the specific 
environmental conditions (e.g., bioaerosol may not be 
well mixed in the air) and may not correspond well with 
the sampling time. Such spatial (e.g., far from the source) 
and temporal variations usually do not permit 
measurement of the maximum possible concentration of 
the microbial agent [110]. Hence, the exposure evaluation 
should contain, as its immanent part, the source 
identification and, if it is possible, credible measure of 
microorganisms.  

Microorganisms can be sampled from the surfaces by 
different techniques using transparent sticky tape, swab 
sampling or contact plates. All these methods can identify 
the source but cannot evaluate the magnitude of emission 
of microbial propagules into the surrounding air. On the 
other hand, bioaerosol sampling documents in a specific 
way the presence of the source, but the lack of certain 
types of particles does not eliminate the possibility of 
their existence in the studied environment [33, 112]. Such 
a degree of uncertainty impels a new approach to indoor 
exposure assessment.  

The first attempt, which tries to eliminate all the weak 
points of the data gathered by traditional bioaerosol 
sampling, is the microbial source strength concept [67]. 
This novel idea assumes dynamic description of 
aerosolization process of microbial propagules from their 
source (e.g., microbiologically contaminated surface of 
building material) through the quantification of particle 
emission rate provoked by the physical and biological 
factors. According to this concept, the aerosolization 
potential is not only limited to the emission from the 
source of fungal or bacterial spores or vegetative cells, but 
also includes the role of fragments of microbial colony 
structures. So far, these small propagules, constantly 
present in the environment, are not measured due to the 
lack of both proper method and a measurement device. 
Source strength in such understanding means a total 
ability of microbial source for maximal emission of 
propagules into the surrounding air under the most 
favorable release conditions. The microbial source 
strength concept combines in a new way the source of 
contamination (e.g., microbiologically contaminated 
surface) with its receptor (i.e. man). It allows the 
assessment of maximal potential exposure not to be 
dependent on the viability of aerosolized microbial 
particles as well as on temporal and spatial variations of 
propagule emission. To overcome all the limitations of 
conventional sampling methods and to reliably measure 
the release strength of microbial source, it is necessary to 
develop a new tool suitable for these types of analyses. In 
considering the above, in recent years, 2 prototype 

devices: aerozolization chamber and fungal spore source 
strength tester have been developed. 

 
AEROSOLIZATION CHAMBER AND FUNGAL 

SPORE SOURCE STRENGTH TESTER 
 

Both devices, i.e., the aerosolization chamber [detailed 
description in 59-62] and the fungal spore source strength 
tester [detailed description in 67, 152, 153] operate on the 
same principal. Fungal or bacterial fragments and spores 
from the contaminated material are released by passing 
clean, HEPA-filtered air over the surface with controlled 
airflow rates. Their concentrations can be controlled in 
real time both by a direct reading instrument (such as 
optical particle counter) and collected by particle (e.g., 
filter) or bioaerosol sampler. To enhance the microbial 
propagule release, the contaminated surface can be 
submitted to external vibration, as it takes place in 
aerosolization chamber. Both devices have the chance to 
fill the gap in the instrumentation of modern bioaerosol 
laboratory and become a sampler with broad practical 
application. So far, there is no instrument which allows 
for dynamic description of airborne transport of fungal 
and bacterial propagules from their source into the 
surrounding environment, based on their maximal 
emission rate. Each of these devices combines the 
features of the air and surface sampling, and thus gives a 
more objective and complete characteristic of exposure. 
This is especially important when reliable data for 
epidemiological analysis are required, but it can be 
successfully used as well in, e.g., efficiency evaluations of 
remediation actions (both constructions have protection 
systems preventing contamination of the surrounding air: 
the aerosolization chamber is tightly sealed within the 
measurement system [61], fungal spore source strength 
tester keeps the difference between incoming and 
outgoing flow rates to the cup to create a negative 
pressure [153]). 

 
MICROBIAL FRAGMENTS AS A COMPONENT 

OF INDOOR BIOAEROSOL – WHAT DO WE 
KNOW TODAY 

 
The hitherto obtained results using the aerosolisation 

chamber show that a significantly higher number of 
microbial propagules with diameters smaller than those of 
the spores is released from microbiologically 
contaminated surfaces [59, 60]. Even with the sensitivity 
of the device used for the control of fragment 
concentration (e.g., an optical particle counter, such as 
Grimm OPC allowing descent to the level of 0.3 µm for 
the particle diameter), the number of aerosolised 
fragments can be several hundred times higher than the 
number of released intact spores from the same surface 
area. The presence of the submicrometer propagules 
released in such a way can be documented by scanning 
electron microscope (SEM) analysis. The particular 
components of fungal colony structures, i.e., fragments 
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and spores, aerosolised from contaminated ceiling tile 
surfaces are shown in Figure 1.  

The presence of fragments in the air is well 
documented with pollen exposure, when seasonal asthma 
attacks begin several weeks before the exact period of 
pollen grain dissemination are detected in the air [140, 
161]. In contrast, the role of fragments in fungal 
exposures has not been sufficiently recognized. The 
reason for this may be that fine and ultrafine fragment 
propagules cannot be detected with traditional bioaerosol 
sampling. The conventional sampling methods do not 
permit the carrying out of this type of analysis. Moreover, 
the most “popular” measurement procedures are based on 
bioaerosol incubation, which – taking into account the 
viability of, e.g., fungal spores at the level of 1-25% – 
visibly underestimate the real exposure [46, 70, 92]. 
Despite these difficulties, there are a few studies in which 
the concentration of fungal fragments derived from 
mycelium or spores are big enough to be counted by light 
microscope were measured. Sorenson et al. [158], Li and 
Kendrick [106], and Robertson [145] confirmed the 
presence of fragments in the air and detected their 

concentration on an average level of 29-146 particles per 
m3, i.e., 6.0–6.3% of the total fungal propagules in the air. 
Madelin and Madelin [113] revealed that the mycelium 
fragments are often aerosolized from microbiologically 
contaminated surfaces, and some of these pieces preserve 
their viability and are capable of starting a new seat of 
growth. It is also possible that the fragments are pieces of 
spores and fruiting bodies, or are formed through 
nucleation from secondary metabolites of fungi, such as 
volatile organic compounds (VOCs). 

 
FACTORS INFLUENCING THE RELEASE 

PROCESS OF FUNGAL AND ACTINOMYCETAL 
FRAGMENTS AND SPORES FROM 

MICROBIOLOGICALLY CONTAMINATED 
SURFACES 

 
Air velocity.  The hitherto obtained results confirm that 

generally the increase of the air velocity above the 
microbiologically contaminated surfaces augments the 
emission rate of the fungal and actinomycetal propagules 
[59, 61, 62, 65, 132, 186]. However, in specific situations, 

  

Aspergillus versicolor: Fragments and spores Spores 

  

Penicillium melinii: Fragment connected with immature spore Spores 

 

Figure 1. SEM pictures of fungal fragments and spores released from a ceiling tile surface contaminated with A. versicolor and P. melinii (the 
pictures were taken in Scientific and Technical Centre Building, Marne-la-Vallée, France).  
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e.g., as an aerosolization from agar, the release of fungal 
fragments from smooth surfaces is not affected by the air 
velocity. The different trend in the release of these 
submicrometer propagules, compared to that of intact 
spores, indicates that the fragments are aerosolised 
through a different process from that for spores. In the 
case of fungi, it can be assumed that the fragments are 
already liberated from the mycelium or spores before the 
air currents carry them away. Thus, all the fragments are 
aerosolised at low air velocity, and an increase in the 
velocity does not increase their release. The increased 
release from rough ceiling tile surfaces appears to be 
related to the higher air turbulence effect above the 
surface cavities [62]. The particular components of fungi 
(hyphae, conidiophores, and spore chains) overgrew almost 
the entire surface on both materials. Stereomicroscopic 
observations have revealed that for ceiling tiles, growth 
occurs not only on the top surface, but the fungal colonies 
also grow in each of the surface cavities. The fungal 
mycelium rises vertically upward, creating a mesh-like 
structure in the recesses of the ceiling tile surface. The 
higher air velocity with increased turbulence is more 
likely than the lower air velocity to release fungal 
propagules from the surface cavities.  

 
Colony structure. Based on microscopic observations 

[59, 61, 62], it can be concluded that the colonies of fungi 
such as A. versicolor and P. melinii have thin, long 
conidiophores and create long chains of round spores, 
whereas the conidiophores of C. cladosporioides are short 
and thick and the chains of oval spores are less numerous. 
During exposure to air currents, elongated Aspergillus and 
Penicillium colony parts (conidiophores, metulas, and 
phialides), as well as other structural elements (e.g., joint 
areas between the spores), are much more susceptible to 
desiccation stress (because of the larger exposed area) 
than the respective Cladosporium structures, and probably 
become much more brittle when subjected to air 
turbulence created within the surface cavities of the 
contaminated material, or to vibration (see below). It 
might be worth while mentioning that in the case of some 
fungi (such as Aspergillus niger) the length of their 
conidiophores is decided by the amount of the secondary 
metabolites produced [44], and, through that, influences 
the reactivity of fragments derived from these structural 
elements when inhaled. 

In the case of actinomycetal fragments, these are most 
probably neither fragments of the substrate mycelium, 
which is hard and firm, nor fragments of arthrospores, 
which are smooth and compact. It appears that these small 
fragments are pieces of the spiral, spore-bearing hyphae 
of aerial mycelium, or remnants of the fibrous sheaths 
surrounding the developing spores [183]. On the 
contaminated surface, the aerial hyphae originate as 
simple branches of the substrate mycelium and may cover 
the entire submerged growth in the form of a cottony 
mass with a powdery, chalk-like surface. The spores are 
produced from the aerial mycelium by regular septation of 

a hyphae enclosed within a fibrous sheath [179]. This 
sheath is a relatively thin, delicate, extracellular entity 
[40, 181] and is composed of elongated, hollow or 
grooved elements, finer fibrillar elements, and amorphous 
material of nanometer size range [182]. In the S. albus 
experiments, it was observed that the air streams passing 
over the contaminated surface were probably strong 
enough to break the integrity of the spore-bearing hyphae 
of aerial mycelium or the fibrous sheaths surrounding the 
developing spores of actinomycete colonies, and release 
substantial amount of fragments into the air [62]. 

 
Moisture conditions. The difference in the fragments 

released between contaminated surfaces can be partially 
caused by the differences in the material moisture conditions. 
As was shown in the experiments comparing fungal 
growth on agar and ceiling tiles, the moisture from agar 
can penetrate the thick layer of fungal growth and thus 
can increase the adhesion forces and reduce the release of 
fungal propagules. It should also be noted that the adhesion 
forces are higher for fungal fragments than for fungal 
spores due to the smaller size of the fragments [62]. 

 
Vibration.  Under normal indoor conditions, building 

materials are under the constant influence of different 
vibration sources. Walking, dancing, crowd jumping, 
children playing, door slamming, listening to music, as 
well as operating domestic appliances and heating/air-
conditioning units have an impact on the floors and walls 
of buildings. Indoor vibrations can be generated not only 
by internal but also by external sources such as 
earthquakes, car traffic, forging hammers, etc. All these 
mechanical disturbances create vibrations with frequencies 
between 1-20 Hz [7, 12, 26, 35, 71, 94, 154, 157, 177]. 
The study performed with vibrated ceiling tiles 
contaminated with fungi [60] revealed that the highest 
number of propagules was usually aerosolised by the 
combination of 1 Hz frequency and 14 W vibration 
power, compared to other combinations of vibration 
parameters, i.e., 1 Hz/4 W, 10 Hz/4 W and 10 Hz/14 W. 
This arrangement of low vibration frequency and 
relatively high power probably provides a sufficient 
amount of energy to detach the spores from the mycelium 
and to break the hyphae structure as well. Besides, if the 
building material is submitted to the combined effect of 
vibration and high air velocity (which can be found, e.g., 
in ventilation ducts), its aerosolisation potential of fungal 
propagules is much more stronger than this, when the 
more gentle combination of mechanical disturbance with 
the lower air velocity simulating typical indoor air 
currents is applied.  

The structure of the microbial colonies probably plays 
an important role in the release of their propagules when 
exposed to vibrations. Elongated fungal structures (such 
as A. versicolor or P. melinii) seem to be more susceptible 
to mechanical disturbances than more compact colonies 
(which can be created by, e.g., C. cladosporioides or S. 
albus). The energy supplied by oscillation frequencies can 
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probably break the connections between the structural 
elements of the hyphae (conidiophores, metulas, phialides, 
joint areas between subsequent spores) faster and easier, 
and thus provoke the aerosolisation of fragments and 
spores. Moreover, if the colony structure is sufficiently 
dense, it can prevent additional aerosolization of particles. 
Even when a strong air stream (e.g., 29.1 m s-1) is applied 
over the contaminated surface, as observed in the case of 
S. albus, the additional release force in the form of 
vibration does not affect the number of aerosolised 
fragments and spores. 

 
Release in time. A significant portion of fungal 

propagules can be aerosolised from contaminated surfaces 
during a very short time interval. The study on the release 
of fungal and actinomycetal fragments and spores from 
contaminated agar and ceiling tile surfaces revealed that 
air currents at 29.1 and 0.3 m s-1 combined with a surface 
vibration are able to be aerosolised during the first 10 
minutes up to 86%/90% and 53%/76% of the microbial 
fragments/spores, respectively i.e. during a very short 
time interval [59, 62]. Such a high number of fungal and 
bacterial propagules generated during a relatively short 
time period can significantly contribute to the indoor air 
quality as well as partially explain the “concentration 
bursts” and, by that, the spatial and temporal variations in 
microorganism concentrations observed indoors.  

 
Relationship between aerosolized fragments and 

spores. In the context of the above-presented findings on 
the emission potential of microbial propagules, and in the 
situation where the majority of bioaerosol studies is still 
carried out using traditional incubation methods, it seems 
advisable to question how to prognosticate the number of 
aerosolized fragments based on the known number of 
fungal or actinomycetal spores in the air. The simplest 
attempt to answer this is to check the correlation between 
both microbial propagules. As the hitherto obtained data 
show, the number of fungal fragments released into the air 
at high air velocities characteristic, e.g., for ventilation 
ducts (29.1 m s-1) can be predicted based on the number 
of aerosolized spores. At the air velocities present in the 
indoor environment, e.g., 0.3 m s-1, such inference would 
be burdened with a significant error [62]. In the case of 
actinomycete propagules, the prediction of the number of 
fragments, taking into account the measured number of 
spores, seems to be baseless [59]. These data univocally 
show that for biologically active submicrometer propagules 
(see below), their measurements in the indoor environment 
should be included (apart from the measurements of intact 
spore concentration) in bioaerosol exposure assessment 
procedures. 

 
IMMUNOLOGICAL REACTIVITY OF FUNGAL 

FRAGMENTS AND SPORES 
 

Comparison of allergic responses of spore and mycelium 
extracts revealed that both these structural elements of 

fungal colonies share common allergens but their reactivity 
varies. Sometimes, the reactivity of mycelium extracts 
exceeded those obtained from spore extracts [8, 42, 43, 
129, 130]. The experiments conducted using ELISA test 
with monoclonal antibodies (mAbs) produced against 
Aspergillus and Penicllium fungal species confirm this 
observation and show that, the doses represent real 
exposure (i.e., when fungal fragments and spores are 
released from the same area of contaminated surfaces 
during the same sampling time), the immunological 
reactivity of fungal fragments exceed that obtained for the 
spores (Fig. 2) [62].  

The majority of fungal allergens are proteins ranging in 
molecular weight from 10,000–80,000 Da [98, 102, 105]. 
Despite this fact, most of today’s allergen extracts are a 
mixture of proteins, glycoproteins, and carbohydrates or 
other additional substances [41, 139], or can be enzymes, 
as observed in the case of the most prevalent indoor fungi 
such as Aspergillus and Penicillium [32, 99, 139]. The 
electron microscope observations combined with 
immunological methods allow the localisation of these 
molecules in the fungal cell wall, membrane plasma, and 
cytoplasm [103, 141]. The study of protein content in P. 
brevicompactum extracts obtained by fractional sampling 
of fungal propagules aerosolised from contaminated agar 
surface, reveals that the protein concentrations in the 
extracts contained fragments are higher (up to 14.0 µg 
ml-1) than those for spore extracts (up to 13.3 µg ml-1) 
[22]. Hence, the fragments can be treated as a means of 
transport for dissemination of fungal allergens in the 
indoor environment.  

In the scientific database there is now broad 
information about the immunological reactivity of fungal 
fragments extracts estimated by their cytotoxicity and the 
production of proinflammatory mediators. The preliminary 
studies carried out with A. versicolor extracts obtained by 
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Figure 2. ELISA reactivity (defined as optical density) of fungal 
fragments and spores with 3 monoclonal antibodies: mAb 14F7, mAb 
5F7, and mAb 12G2. The error bars indicate the standard deviation of 3 
repeats. 
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the air sampling of propagules released from contaminated 
agar and ceiling tile surfaces, show that the doses of 
fragments and spores representing the real exposure (i.e., 
released at the same time from the same area of 
contaminated surface) result in different cytotoxicity for 
mouse macrophage cell lining RAW264.7. Whereas the 
number of fragments (106) and spores (105) aerosolised 
from agar surface cause the same percentage of cell 
deaths (between 11.5–13.5%), the respective doses released 
from the ceiling tile surface (108 and 106) kill between 
17.9% (spores) and 41% (fragments) of the exposed cells 
[143]. The production of proinflammatory mediators, i.e., 
cytokines: tumour necrosis factor a (TNF-a), interleukin 6 
(IL-6), and nitric oxide (NO), by the mouse macrophage 
cell lining RAW264.7 under the influence of fragment 
and spore extracts obtained by the aerosolisation of A. 
versicolor and P. brevicompactum propagules from agar 
and ceiling tile surfaces, varies. This process strongly 
depends on the fungal species and type of surface covered 
by the microbial growth [Reponen, Górny – unpublished 
data].  

 
CONCLUSIONS 

 
Fungal fragments, so far not measured in indoor air 

environments, are aerosolised in high numbers and, may 
thus contribute to adverse health effects. They can, at 
least partially, be responsible for the symptoms observed 
among inhabitants with a mould problem and/or water-
damage in buildings. The hitherto obtained results on the 
fragment release from microbiologically contaminated 
surfaces, and on the immunological reactivity of these 
submicrometer propagules, show that future exposure 
assessment studies should contain, as their immanent part, 
the measurements of the load of fungal and actinomycetal 
fragments in the indoor air. 

 
Acknowledgements 
 

The author is grateful to: Drs. T. Reponen, S.A. Grinshpun, 
and K. Willeke at the University of Cincinnati, OH, USA; Dr. 
D. Schmechel from NIOSH, WV, USA; Drs. E. Robine and M. 
Boissier at the Scientific and Technical Centre Building, Marne-
la-Vallée, France; Dr. G. Mainelis, Rutgers University, New 
Brunswick, NJ, USA; and Prof. J. Dutkiewicz at the Institute of 
Agricultural Medicine, Lublin, Poland, for making available his 
microbial fragment studies presented in this paper. 
 

REFERENCES 
 
1. Adan OCG: On the Fungal Defacement of Interior Finishes. 

Ph.D. thesis. Technical University, Eidhoven 1994. 
2. Adan OCG, Samson RA, Wijnen JTM: Fungal resistance tests: a 

proposed method for testing resistance of interior finishes. In:  Samson 
RA, Flannigan B, Flannigan ME, Verhoeff AP, Adan OCG, Hoekstra 
ES (Eds): Air Quality Monographs, Vol. 2: Health Implications of Fungi 
in Indoor Environments, 415-437. Elsevier Science B.V., Amsterdam 
1994.  

3. Agranovski V, Ristovski Z, Ayoko G, Morawska L: Performance 
evaluation of the UVAPS in measuring biological aerosols: fluorescence 
spectra from NAD(P)H coenzymes and riboflavin. Aerosol Sci Technol 
2004a, 38, 354-364. 

4. Agranovski V, Ristovski Z, Blackall PJ, Morawska L: Size-
selective assessment of airborne particles in swine confinement building 
with the UVAPS. Atmos Environ 2004b, 38, 3893-3901. 

5. Agranovski V, Ristovski Z, Hargreaves M, Blackall PJ, 
Morawska L: Real-time measurement of bacterial aerosols with the 
UVAPS: performance evaluation. J Aerosol Sci 2003a, 34, 301-317. 

6. Agranovski V, Ristovski Z, Hargreaves M, Blackall PJ, 
Morawska L: Performance evaluation of the UVAPS: influence of 
physiological age of airborne bacteria and bacterial stress. J Aerosol Sci 
2003b, 34, 1711-1727.  

7. Al-Hunaidi MO, Rainer JH, Tremblay M: Control of traffic-
induced vibration in buildings using vehicle suspension systems. Soil 
Dyn Earthq Eng 1996, 15, 245-254.  

8. Aukrust L, Borch SM, Einarsson R: Mold allergy - spores and 
mycelium as allergen sources. Allergy 1985, 40, 43-48. 

9. Baran E (Ed): Zarys Mikologii Lekarskiej. 9ROXPHG�� :URFáDZ�

1998.  
10. Baron PA, Willeke K (Eds): Aerosol Measurement: Principles, 

Techniques, and Applications. John Wiley and Sons, Inc., New York 
2001. 

11. Becker R: Condensation and mould growth in dwellings – 
parametric and field study. Build Environ 1984, 19, 243-250. 

12. Bessason B, Madshus C: Evaluation of site vibrations for 
metrology laboratories. Meas Sci Technol 2000, 11, 1527-1536.  

13. Bible, Leviticus, 14th chapter, verses 34-45. 
14. Blanchette RA: A review if microbial deterioration found in 

archeological wood from different environments. Int Biodeterior 
Biodegrad 2000, 46, 189-204. 

15. Bornehag CG, Blomquist G, Gyntelberg F, Jarvholm B, 
Malmberg P, Nordvall L, Nielsen A, Pershagen G, Sundell J: Dampness 
in buildings and health. Nordic interdisciplinary review of the scientific 
evidence on associations between exposure to “dampness” in buildings 
and health effects (NORDDAMP). Indoor Air 2001, 11, 72-86. 

16. Brain JD, Valberg PA, Sneddon S: Mechanisms of aerosol 
deposition and clearance. In:  Moren F, Newhouse MT, Dolovitch MB 
(Eds): Aerosol in Medicine. Principles, Diagnosis and Therapy, 123-
147. Elsevier Science Publishers, Amsterdam 1985. 

17. Brosseau LM, Vesley D, Rice N, Goodell MN, Hairston P: 
Differences in detected fluorescence among several bacterial species 
measured with a direct-reading particle sizer and fluorescence detector. 
Aerosol Sci Technol 2000, 32, 545-558. 

18. Brunekreef B: Damp housing and adult respiratory symptoms. 
Allergy 1992, 47, 498-502. 

19. Burge HA, Otten JA: Fungi. In:  Macher J (Ed): Bioaerosols: 
Assessment and Control, 19-1-19-13. American Conference of 
Governmental Industrial Hygienists, Cincinnati, 1999. 

20. Burr ML, Mullins J, Merret TG, Stott NCH: Asthma and indoor 
mould exposure. Thorax 1985, 40, 688. 

21. Buttner MP, Cruz-Perez P, Garrett PJ, Stetzenbach LD: Dispersal 
of spores from fungal-contaminated duct material. Proc Indoor Air 
1999, 2, 251-254. 

22. Cho S-H, Reponen T, Górny RL, Grinshpun SA, Willeke K, 
Yadav J: Biological activity of fungal spores and fragments. Proc. of the 
American Industrial Hygiene Conference and Exposition, San Diego, 
California, USA, June 1-6 2002, 23. 

23. Ciferri O: Microbial degradation of paintings. Appl Environ 
Microbiol 1999, 65, 879-885. 

24. Cooley JD, Wong WC, Jumper CA, Straus DC: Correlation 
between the prevalence of certain fungi and sick building syndrome. 
Occup Environ Med 1998, 55, 579-584. 

25. Crandall MS, Sieber WK: The National Institute of Occupational 
Safety and Health indoor environmental evaluation experience. Part one: 
building environmental evaluations. Appl Occup Environ Hyg 1996, 11, 
533-539. 

26. Crispino M, D’Apuzzo M: Measurement and prediction of traffic-
induced vibrations in a heritage building. J Sound Vib 2001, 246, 319-
335. 

27. Cruz P: Identification of airborne fungi. In:  Bitton G (Ed): 
Encyclopedia of Environmental Microbiology, Vol. 3, 1647-1661. John 
Wiley & Sons, Inc., New York 2002. 

28. Cunningham KI, Northup DE, Pollastro RM, Wright WG, 
LaRock EJ: Bacteria, fungi, and biokarst in Lechuguilla Cave. Carlsbad 
Caverns National Park New Mexico. Environ Geol 1995, 25, 2-8. 



194 Górny RL 

29. Dales RE, Burnett R, Zwanenburg H: Adverse health effects 
among adults exposed to home dampness and molds. Am Rev Respir Dis 
1991a, 143, 505-509. 

30. Dales RE, Zwanenburg H, Burnett R, Franklin CA: Respiratory 
health effects of home dampness and moulds among Canadian children. 
Am J Epidemiol 1991b, 134, 196-203. 

31. Davis PJ: Molds, toxic molds, and indoor air quality. CRB Note 
2001, 8, 1-16. 

32. Deacon JW: Introduction to Modern Mycology. Blackwell 
Scientific Publications, Oxford 1984. 

33. Dillon HK, Heinsohn PA, Miller JD (Eds): Field Guide for the 
Determination of Biological Contaminants in Environmental Samples. 
American Industrial Hygiene Association Publications, Fairfax 1996. 

34. Dotterud LK, Van TD, Kvammen B, Dybendal T, Elsayed S, Falk 
ES: Allergen content in dust from homes and schools in northern 
Norway in relation to sensitization and allergy symptoms in 
schoolchildren. Clin Exp Allergy 1997, 27, 252-261. 

35. Dowding CH: Construction Vibrations. Prentice-Hall, Inc., Upper 
Saddle River 1996. 

36. Drewniewska-Idziak B: Stan zachowania zbiorów specjalnych w 
bibliotekach publicznych. Notes konserwatorski 1999, 3, 59-64. 

37. 'XWNLHZLF]� -�� -DEáR�VNL�/��%LRORJLF]QH�6]NRGOLZR�FL�=DZRGRZH. 
3D�VWZRZ\�=DNáDG�:\GDZQLFWZ�/HNDUVNLFK��:DUV]DZD������ 

38. Ellringer PJ, Boone K, Hendrickson S: Building materials used in 
construction can affect indoor fungal levels greatly. Am Ind Hyg Assoc J 
2000, 61, 895-899. 

39. Engelhart S, Lock A, Skutlarek D, Sagunski H, Lommel A, 
Färber H, Exner M: Occurrence of toxigenic Aspergillus versicolor 
isolates and sterigmatocystin in carpet dust from damp indoor 
environments. Appl Environ Microbiol 2002, 68, 3886-3890. 

40. Ensign JC: Formation, properties, and germination of 
actinomycete spores. Annu Rev Microbiol 1978, 32, 185-219. 

41. Esch RE: Manufacturing and standardizing fungal allergen 
products. J Allergy Clin Immunol 2004, 113, 210-215. 

42. Fadel R, David B, Paris S, Guesdon JL: Alternaria spore and 
mycelium sensitivity in allergic patients: in vivo and in vitro studies. Ann 
Allergy 1992, 69, 329-335. 

43. Fadel R, Paris S, Fitting C, Rassemont R, David B: A comparison 
of extracts from Alternaria spores and mycelium. Allergy Clin Immunol 
1986, 77, 242. 

44. Fischer G, Müller T, Schwalbe R, Ostrowski R, Dott W: Species-
specific profiles of mycotoxins produced in cultures and associated with 
conidia of airborne fungi derived from biowaste. Int J Hyg Environ 
Health 2000, 203, 105-116. 

45. Flannigan B: Approaches to assessment of the microbial flora of 
buildings. In: IAQ’92, Environments for People, 139-145. American Society 
of Heating Refrigerating and Air-conditioning Engineers, Atlanta 1992. 

46. Flannigan B: Membrane filtration sampling for detection of small 
numbers of culturable microorganisms in indoor air. In:  Raw G, 
Aizlewood C, Warren P (Eds): Proc Indoor Air 1999, 4, 948-949. 

47. Flannigan B, McCabe EM, McGarry F: Allergenic and toxigenic 
micro-organisms in houses. J Appl Bacteriol 1991, 70, 61S-73S. 

48. Flannigan B, Morey PR (Eds): ISIAQ Guideline: Task Force I: 
Control of Moisture Problems Affecting Biological Indoor Air Quality. 
International Society of Indoor Air Quality, Ottawa 1996. 

49. Florian MLE: Aseptic technique: a goal to strive for in collection 
recovery of moldy archival materials and artifacts. J Am Inst Conserv 
2000, 1, 107-115. 

50. Foarde KK, VanOsdel DW, Chang JCS: Evaluation of fungal 
growth on fiberglass duct materials for various moisture, soil, use, and 
temperature conditions. Indoor Air 1996, 6, 83-92. 

51. Fung F, Hughson WG: Health effects of indoor fungal bioaerosol 
exposure. Appl Occup Environ Hyg 2003, 18, 535-544. 

52. Gambale W, Croce J, Costa-Manso E, Croce M, Sales M: Library 
fungi at the University of Sao Paulo and their relationship with 
respiratory allergy. J Invest Allergy Clin Immunol 1993, 3, 45-50. 

53. Garcia BE, Comtois P, Borrego PC: Fungal content of air samples 
from some asthmatic childrens’ homes in Mexico City. Aerobiologia 
1995, 11, 95-100. 

54. Giacobini C, De Cicco MA, Tiglie I, Accardo G: Actinomycetes 
and biodeterioration in the field of fine art. In:  Houghton DR, Smith 
RN, Eggins HOW (Eds): Biodeterioration, 418-423. Elsevier Applied 
Science, London 1987. 

55. Gorbushina AA, Heyrman J, Dornieden T, Gonzalez-Delvalle M, 
Krumbein WE, Laiz L, Petersen K, Saiz-Jimenez C, Swings J: Bacterial 
and fungal diversity and biodeterioration problems in mural painting 
environments of St. Martins church (Greene-Kreiensen, Germany). Int 
Biodeterior Biodegrad 2004, 53, 13-24. 

56. Górny RL: 2FHQD�:áD�FLZR�FL�$HUR]ROL�=LDUQLVW\FK�L�%LRDHUR]ROL�

Z� 0LHV]NDQLDFK� .RQXUEDFML� *yUQR�O�VNLHM. Ph.D. thesis. �O�VND�
Akademia Medyczna, Sosnowiec 1998 (in Polish). 

57. Górny RL, Dutkiewicz J: Evaluation of microorganisms and 
endotoxin levels of indoor air in living rooms occupied by cigarette 
smokers and non-smokers in Sosnowiec, Upper Silesia, Poland. 
Aerobiologia 1998, 14, 235-239. 

58. *yUQ\�5/��'XWNLHZLF]�-��.U\VL�VND-Traczyk E: Size distribution 
of bacterial and fungal bioaerosols in indoor air. Ann Agric Environ Med 
1999, 6, 105-113. 

59. Górny RL, Mainelis G, Grinshpun SA, Willeke K, Dutkiewicz J, 
Reponen T: Release of Streptomyces albus propagules from 
contaminated surfaces. Environ Res 2003, 91, 45-53. 

60. Górny RL, Reponen T, Grinshpun, S.A. Cho, S-H, Willeke K: 
Release of fungal propagules from contaminated surfaces by vibration. 
Proc Indoor Air 2002, 2, 758-763. 

61. Górny RL, Reponen T, Grinshpun SA, Willeke K: Source 
strength of fungal spore aerosolization from moldy building materials. 
Atmos Environ 2001, 35, 4853-4862. 

62. Górny RL, Reponen T, Willeke K, Robine E, Boissier M, 
Grinshpun SA: Release of fungal fragments from moldy surfaces. Appl 
Environ Microbiol 2002, 68, 3522-3531. 

63. Grant C, Hunter CA, Flannigan B, Bravery AF: The moisture 
requirements of moulds isolated from domestic dwellings. Int 
Biodeterior 1989, 25, 259-289. 

64. Gravesen S, Frisvad JC, Samson RA: Microfungi. Munksgaard, 
Copenhagen 1994. 

65. Gregory PH, Lacey ME: Liberation of spores from mouldy hay. 
Trans Br Mycol Soc 1963, 46, 73-80. 

66. Griffin DH: Fungal Physiology. Wiley, New York 1981. 
67. Grinshpun SA, Górny RL, Reponen T, Willeke K, Trakumas S, 

Hall P, Dietrich DF: New method for assessment of potential spore 
aerosolization from contaminated surfaces. In:  Proceedings of 6th 
International Aerosol Conference, Taipei, Taiwan, September 8-13 2002, 
2, 767-768. 

68. Groth I, Vettermann R, Schuetze B, Schumann P, Saiz-Jimenez 
C: Actinomyces in Karstic caves of northern Spain (Altamira and Tito 
Bustillo). J Microbiol Methods 1999, 36, 115-122. 

69. Hairston PP, Ho J, Quant FR: Design of an instrument for real-
time detection of bioaerosols using simultaneous measurement of 
particle aerodynamic size and intrinsic fluorescence. J Aerosol Sci 1997, 
28, 471-482. 

70. Hanhela R, Louhelainen K, Pasanen A-L: Prevalence of micro-
fungi in Finnish cowhouses - some aspects on the occurrence of 
Wallemia and Fusaria. Scand J Work Environ Health 1995, 21, 223-228. 

71. Hao H, Ang TC, Shen J: Building vibration to traffic-induced 
ground motion. Build Environ 2001, 36, 321-336. 

72. Hirsch SR, Sosman JA: A one-year survey of mould growth 
inside twelve homes. Ann Allergy 1976, 36, 30-38. 

73. Hirvonen M-R, Nevalainen A, Makkonen N, Mönkkönen J, 
Savolainen K: Streptomyces spores from mouldy houses induce nitric 
R[LGH��71).� DQG� ,/-6 secretion from RAW264.7 macrophage cell line 
without causing subsequent cell death. Environ Toxicol Pharmacol 
1997, 3, 57-63. 

74. Ho J, Spence M, Hairston P: Measurement of biological aerosol 
with a fluorescent aerodynamic particle sizer (FLAPS): correction of 
optical data with biological data. Aerobiologia 1999, 15, 281-291. 

75. Horner WE: Assessment of the indoor environment: evaluation of 
mold growth indoors. Immunol Allergy Clin North Am 2003, 23, 519-531. 

76. Hunter C, Sanders C: Mould. In:  Energy and Condensation in 
Buildings and Community Systems Programme: Final Report, Vol. 1, 
Condensation and Energy Sourcebook, 2.1-2.30. International Energy 
Agency, Leuven University 1990. 

77. Hunter CA, Lea RG: The airborne fungal population of 
representative British homes. In: Samson RA, Flannigan B, Flannigan 
ME, Verhoeff AP, Adan OCG, Hoekstra ES (Eds): Air Quality 
Monographs, Vol. 2: Health Implications of Fungi in Indoor Environments, 
141-153. Elsevier Science B.V., Amsterdam 1994. 



 Microorganisms and their fragments in indoor air 195 

78. Husman T: Health effects of indoor-air microorganisms. Scand J 
Work Environ Health 1996, 22, 5-13. 

79. Husman T: Health effects of microbes. Proc Healthy Buildings 
2000, 3, 13-24. 

80. Huttunen K, Hyvärinen A, Nevalainen A, Komulainen H, 
Hirvonen M-R: Production of proinflammatory mediators by indoor air 
bacteria and fungal spores in mouse and human cell lines. Environ 
Health Perspect 2003, 111, 85-92. 

81. Hyvärinen A, Meklin T, Vepsäläinen A, Nevalainen A: Fungi and 
actinobacteria in moisture-damaged building materials - concentrations 
and diversity. Int Biodeterior Biodegrad 2002, 49, 27-37. 

82. Hyvärinen A, Reponen T, Husman T, Ruuskanen J, Nevalainen 
A: Characterizing mold problem buildings - concentrations and flora of 
viable fungi. Indoor Air 1993, 3, 337-343. 

83. Hyvärinen A, Toivola M, Halla-aho J, Husman T, Kauhanen E, 
Koivisto J, Korppi M, Meklin T, Pekkanen J, Vahteristo M, Nevalainen 
A: Childhood asthma and residential moisture damages. Proc Indoor Air 
1999, 5, 451-452. 

84. IEA: Energy Conservation in Buildings and Community Systems 
Programme: Annex XIV Condensation and Energy, Vol. 1, Source Book. 
International Energy Agency 1991. 

85. -DQL�VND�%��+LVWRULF�EXLOGLQJV�DQG�PRXOG� IXQJL��1RW�RQO\�YDXOWV�

are menacing with “Tutankhamen’s curse”. Found Civil Environ Eng 
2002, 2, 43-54. 

86. Johanning E, Biagini R, Hull D Morey P, Jarvis B, Landsbergis P: 
Health and immunology study following exposure to toxigenic fungi 
(Stachybotrys chartarum) in water-damaged office environment. Int 
Arch Occup Environ Health 1996, 68, 207-218. 

87. Jussila J, Komulainen H, Huttunen K, Roponen M, Hälinen A, 
Hyvärinen A, Kosma VM, Hirvonen M-R: Inflammatory responses in 
mice after intratracheal instillation of spores of Streptomyces 
californicus from indoor air of moldy house. Toxicol Appl Pharmacol 
2001, 171, 61-69. 

88. Jussila J, Ruotsalainen M, Savolainen K, Nevalainen A, Hirvonen 
M-R: Nitric oxide production in human alveolar type epithelial cells 
LQGXFHG� E\� �-IFN, LPS or Streptomyces anulatus. Environ Toxicol 
Pharmacol 1999, 7, 261-266. 

89. Kagen SL, Fink JN, Schlueter DP, Kurup VP, Fruchtman RB: 
Streptomyces albus: a new cause of hypersensitivity pneumonitis. J 
Allergy Clin Immunol 1981, 68, 295-299.  

90. Kalakoutskii LV, Agre NS: Comparative aspects of development 
and differentiation in Actinomycetes. Bacteriol Rev 1976, 40, 469–524. 

91. Karbowska-Berent J, Strzelczyk A: The Role of Streptomycetes in 
the Biodeterioration of Historic Parchment. Wydawnictwo 
8QLZHUV\WHWX�0LNRáDMD�.RSHUQLND��7RUX������� 

92. Karlsson K, Malmberg P: Characterization of exposure to molds 
and actinomycetes in agricultural dusts by scanning electron 
microscopy, fluorescence microscopy and the culture methods. Scand J 
Work Environ Health 1989, 15, 353-359. 

93. Karunasena E, Markham N, Brasel T, Cooley JD, Straus DC: 
Evaluation of fungal growth on cellulose-containing and inorganic 
ceiling tile. Mycopathologia 2000, 150, 91-95. 

94. Key D: The calculation of structure response. In:  Earthquake 
Design Practice for Buildings, 41-68. Thomas Telford, London 1988. 

95. Korpi A: Fungal Volatile Metabolites and Biological Responses 
to Fungal Exposure. PhD thesis. University of Kuopio, Kuopio 2001. 

96. Koskinen O, Husman T, Hyvärinen A, Reponen T, Nevalainen A: 
Respiratory symptoms and infections among children in a day-care 
center with mold problems. Indoor Air 1995, 5, 3-9. 

97. Krumbein WE: Patina and cultural heritage – a geomicrobiologist’s 
perspective. In:  Proceedings of 5th EC Conference: Biodeterioration 
and its Control - Biotechnologies in Cultural Heritage Protection and 
Conservation, 39-47. Polska Akademia Nauk, Kraków 2002. 

98. Kurup VP, Banerjee B: Fungal allergens and peptide epitopes. 
Peptides 2000, 21, 589-599. 

99. Kurup VP, Shen H-D, Banerjee B: Respiratory fungal allergy. 
Microbes Infect 2000, 2, 1101-1110. 

100. Lacey J: Actinomycetes as biodeteriogens and pollutants of the 
environment. In:  Goodfellow M, Williams ST, Mordarski M (Eds): 
Actinomycetes in Biotechnology, 359-432. Academic Press, San Diego 
1988. 

101. Lacey J, Dutkiewicz J: Bioaerosols and occupational lung 
disease. J Aerosol Sci 1994, 25, 1371-1404. 

102. Larsen L: Fungal allergens. In: Samson RA, Flannigan B, 
Flannigan ME, Verhoeff AP, Adan OCG, Hoekstra ES (Eds): Air 
Quality Monographs, Vol. 2: Health Implications of Fungi in Indoor 
Environments, 215-220. Elsevier Science B.V., Amsterdam 1994.  

103. Latgé JP, Paris S: Allergens of Alternaria and Cladosporium. In:  
Drouhet E, Cole GT, de Repentigny L, Latgé JP, Dupont B (Eds): 
Fungal Antigens: Isolation, Purification, and Detection, 237-258. 
Plenum Press, New York 1988. 

104. Lehtomäki K, Tukiainen E, Seuri M, Husman T, Nevalainen A: 
Symptoms of workers employed in damp buildings. Proc Indoor Air 
1999, 1, 86-91.  

105. Levetin E: Fungi. In:  Burge H (Ed): Bioaerosols, 87-120. Lewis 
Publishers/CRC Press, Inc., Boca Raton 1995. 

106. Li DW, Kendrick B: A year-round comparison of fungal spores 
in indoor and outdoor air. Mycologia 1995, 87, 190-195. 

107. Li DW, Kendrick B, Wyse D: Casual influences of airborne 
fungi and other factors on symptoms of respiratory allergies. Proc 
Indoor Air 2002, 3, 52-57.  

108. Lin X, Reponen T, Willeke K, Wang Z, Grinshpun SA, Trunov 
M: Survival of airborne microorganisms during swirling aerosol 
collection. Aerosol Sci Technol 2000, 32, 184-196. 

109. Lippmann M: Respiratory tract deposition and clearance of 
aerosols. In: Lee SD, Schneider T, Grant LD, Verkerk PJ (Eds): Risk 
Assessment and Control Strategies, 43-57. Lewis Publishers, Chelsea 
1986. 

110. Loomans MGLC, Bluyssen PM, Ringlever-Klaassen CCM: 
Bioaerosols - where should one measure them in a room? Proc Indoor 
Air 2002, 1, 443-448. 

111. Lumpkins ED, Corbit SE, Tiedeman GM: Airborne fungi survey. 
I. Culture plate survey of the home environment. Ann Allergy 1973, 31, 
361-370. 

112. Macher J (Ed): Bioaerosols: Assessment and Control. American 
Conference of Governmental Industrial Hygienists, Cincinnati 1999. 

113. Madelin TM, Madelin MF: Biological analysis of fungi and 
associated molds. In:  Cox CS, Wathes CM (Eds): Bioaerosol 
Handbook, 361-386. Lewis Publishers/CRC Press, Inc., Boca Raton 
1995. 

114. Mainelis G, Górny RL, Reponen T, Trunov M, Grinshpun SA, 
Yadav J, Baron P, Willeke K: Effect of electrical charges and fields on 
injury and viability of airborne bacteria. Biotechnol Bioeng 2002, 79, 
229-241. 

115. Mainelis G, Willeke K, Baron P, Grinshpun SA, Reponen T, 
Górny RL, Trakumas S: Electrical charges on airborne microorganisms. 
J Aerosol Sci 2001, 32, 1087-1110. 

116. 0DMHZVNL�:��3RZyG(�OLSLHF�������Pismo PG 1998, 4. 
117. Martin CJ, Platt SD, Hunt SM: Housing conditions and ill health. 

Br Med J 1987, 294, 1125-1127. 
118. Martonen TB, Zhang Z, Lessmann RC: Interspecies modelling of 

inhaled particle deposition patterns. J Aerosol Sci 1992, 23, 389-406. 
119. Meklin T, Husman T, Vepsäläinen A, Vahteristo M, Koivisto J, 

Halla-aho J, Hyvärinen A, Moschandreas, D, Nevalainen A: Indoor air 
microbes and respiratory symptoms of children in moisture damaged 
and reference schools. Indoor Air 2002, 12, 175-183. 

120. Miller JD: Fungi as contaminants in indoor air. Atmos Environ 
1992, 26, 2163-2172. 

121. 0LQiULN�/��'XWNLHZLF]�-��8PL�VNL�-��$OOHUJLF�UHDFWLRQV�LQ�\RXQJ�
people after work with grain - cases from Czechoslovakia. Med Wiejska 
1984, 19, 93-100.  

122. Nevalainen A: Bacterial Aerosols in Indoor Air. PhD thesis. 
National Public Health Institute, Kuopio 1989. 

123. Nevalainen A, Partanen P, Jääskeläinen E, Hyvärinen A, 
Koskinen O, Meklin T, Vahteristo M, Koivisto J, Husman T: Prevalence 
of moisture problems in Finnish houses. Indoor Air 1998, 4, 45-49. 

124. Nevalainen A, Pasanen A-L, Niininen M, Reponen T, 
Kalliokoski P, Jantunen MJ: The indoor air quality in Finnish homes 
with mold problems. Environ Int 1991, 17, 299-302. 

125. Nielsen KF, Thrane U, Larsen TO, Nielsen PA, Gravesen S: 
Production of mycotoxins on artificially inoculated building materials. 
Int Biodeterior Biodegrad 1998, 42, 9-16. 

126. Nieminen SM, Kärki R, Auriola S, Toivola M, Laatsch H, 
Laatikainen R, Hyvärinen A, von Wright A: Isolation and identification 
of Aspergillus fumigatus mycotoxins on growth medium and some 
building materials. Appl Environ Microbiol 2002, 68, 4871-4875. 



196 Górny RL 

127. Nugari MP, Roccardi A: Aerobiological investigations applied to 
the conservation of cultural heritage. Aerobiologia 2001, 17, 215-223. 

128. Owen MK, Ensor DS, Sparks LE: Airborne particle sizes and 
sources found in indoor air. Atmos Environ 1992, 26, 2149-2162. 

129. Paris S, Fitting C, Latgé JP, Herman D, Guinnepain MT, David 
B: Comparison of conidial and mycelial allergens of Alternaria alternata. 
Int Arch Allergy Appl Immunol 1990a, 92, 1-8. 

130. Paris S, Fitting C, Ramires E, Latgé JP, David B: Comparison of 
different extraction methods of Alternaria allergens. J Allergy Clin 
Immunol 1990b, 85, 941-948. 

131. Pasanen A-L, Juutinen T, Jantunen MJ, Kalliokoski P: Occurrence 
and moisture requirements of microbial growth in building materials. Int 
Biodeterior Biodegrad 1992, 30, 273-283.  

132. Pasanen AL, Pasanen P, Jantunen MJ, Kalliokoski P: Significance 
of air humidity and air velocity for fungal spore release into the air. 
Atmos Environ 1991, 25, 459-462. 

133. Peat JK, Dickerson J, Li J: Effects of damp and mould in the 
home on respiratory health: a review of the literature. Allergy 1998, 53, 
120-129. 

134. 3HF]\�VND-Czoch W, Mordarski M: Actinomycete enzymes. In: 
Goodfellow M, Williams ST, Mordarski M (Eds): Actinomycetes in 
Biotechnology, 219-283. Academic Press, San Diego 1988.  

135. Percival SL, Walker JT, Hunter PR: Microbiological Aspects of 
Biofilms and Drinking Water. CRC Press, Boca Raton 2000. 

136. Piecková E, Jesenská Z: Microscopic fungi in dwellings and their 
health implications in humans. Ann Agric Environ Med 1999, 6, 1-11. 

137. Pirhonen I, Nevalainen A, Husman T, Pekkanen J: Home 
dampness, moulds and their influence on respiratory infections and 
symptoms in adults in Finland. Eur Respir J 1996, 9, 2618-2622. 

138. Pope AM, Patterson R, Burge H (Eds): Indoor Allergens: 
Assessing and Controlling Adverse Health Effects. National Academy 
Press, Washington, D.C. 1993. 

139. Platt SD, Martin CJ, Hunt SM, Lewis CW: Damp housing, mold 
growth, and symptomatic health state. Br Med J 1989, 298, 1673-1678. 

140. Rantio-Lehtimäki A, Viander M, Koivikko A: Airborne birch 
pollen antigens in different particle sizes. Clin Exp Allergy 1994, 24, 23-
28. 

141. Reijula KE, Kurup VP, Fink JN: Ultrastructural demonstration of 
specific IgG and IgE antibodies binding to Aspergillus fumigatus from 
patients with aspergillosis. J Allergy Clin Immunol 1991, 87, 683-688.  

142. Reponen T: Viable Fungal Spores as Indoor Aerosols. PhD 
thesis. University of Kuopio, Kuopio 1994. 

143. Reponen T, Górny RL, Cho S-H, Grinshpun SA, Willeke K, 
Schmechel D, Huttunen K, Nevalainen A, Hirvonen M-R: Release and 
biological reactivity of airborne fungal fragments. In:  Proc. of 21th 
Annual Conference of the American Association for Aerosol Research, 
Charlotte, October 7-11, 2002, 1D1, 9. 

144. Robbins CA, Swenson LJ, Nealley ML, Gots RE, Kelman BJ: 
Health effects of mycotoxin in indoor air: a critical review. Appl Occup 
Environ Hyg 2000, 15, 773-784. 

145. Robertson LD: Monitoring viable fungal and bacterial bioaerosol 
concentrations to identify acceptable levels for common indoor 
environments. Indoor Built Environ 1997, 6, 295-300. 

146. Sampò S, Luppi Mosca AM: A study of the fungi occurring on 
15th century frescoes in Florence, Italy. Int Biodeterior 1989, 25, 343-
353. 

147. Samson RA, Flannigan B, Flannigan ME, Verhoeff AP, Adan 
OCG, Hoekstra ES (Eds): Air Quality Monographs, Vol. 2: Health 
Implications of Fungi in Indoor Environments. Elsevier Science B.V., 
Amsterdam 1994. 

148. Sanders CH, Cornish JP: Dampness: One Week’s Complaints in 
Five Local Authorities in England and Wales. Report Building Research 
Establishment, London 1982. 

149. Sarbu SM, Kane TC, Kinkle BK: A chemoautotrophically based 
cave ecosystem. Science 1996, 272, 1953-1955. 

150. Sedlbauer K: Prediction of mould fungus formation on the 
surface of and inside building components. PhD thesis. Fraunhofer 
Institute for Building Physics, Stuttgart 2001. 

151. Seuri M, Husman K, Kinnunen H, Reiman, M, Kreus R, 
Kuronen P, Lehtomäki K, Paananen M: An outbreak of respiratory 
diseases among workers at a water-damaged building - a case report. 
Indoor Air 2000, 10, 138-145. 

152. Sivasubramani SK, Niemeier RT, Reponen T, Grinshpun SA: 
Assessment of the aerosolization potential for fungal spores in moldy 
homes. Indoor Air 2004, 14, 405-412. 

153. Sivasubramani SK, Niemeier RT, Reponen T, Grinshpun SA: 
Fungal spore source strength tester: laboratory evaluation of a new 
concept. Sci Total Environ 2004, 329, 75-86. 

154. Skipp BO: Dynamic ground movement–man-made vibrations. 
In: Attewell PB, Taylor RK (Eds): Ground Movement and their Effects 
on Structures, 381-434. Surrey University Press, Chapman and Hall, 
New York 1984. 

155. 6NyUVND�&��0DFNLHZLF]�%��'XWNLHZLF]�-��.U\VL�VND-Traczyk E, 
Milanowski J, Feltovich H, Lange J, Thorne PS: Effects of exposure to 
grain dust in Polish farmers: work-related symptoms and immunologic 
response to microbial antigens associated with dust. Ann Agric Environ 
Med 1998, 5, 147-153. 

156. Skórska C, Mackiewicz B, Dutkiewicz J: Effects of exposure to 
ÀD[� GXVW� LQ� 3ROLVK� IDUPHUV�� ZRUN-related symptoms and immunologic 
response to microbial antigens associated with dust. Ann Agric Environ 
Med 2000, 7, 111-118. 

157. Smith JW: Vibration of Structures: Applications in Civil 
Engineering Design. Chapman and Hall, New York 1988. 

158. Sorenson WG, Frazer DG, Jarvis BB, Simpson J, Robinson VA: 
Trichothecene mycotoxins in aerosolized conidia of Stachybotrys atra. 
Appl Environ Microbiol 1987, 53, 1370-1375. 

159. Spengler JD, Neas L, Nakai S, Dockery D, Speizer F, Ware J, 
Raizenne M: Respiratory symptoms and housing characteristics. Indoor 
Air 1994, 4, 72-84. 

160. Spengler J, Wilson R: Emission, dispersion, and concentration of 
particles. In:  Wilson R, Spengler JD (Eds): Particles in Our Air: 
Concentrations and Health Effects, 41-62. Harvard University Press 
1996. 

161. Spieksma FThM, Kramps JA, van der Linden AC, Nikkels 
BEPH, Plomp A, Koerten HK, Dijkman JH: Evidence of grass-pollen 
allergenic activity in the smaller micronic atmospheric aerosol fraction. 
Clin Exp Allergy 1990, 20, 273-280. 

162. 6S\FKDOVNL� /�� 'XWNLHZLF]� -�� 8PL�VNL� -�� 6PHUGHO-Skórska C, 
Chmielewska-%DGRUD�-��'XWNLHZLF]�(��.OHFKD�,��.Xü�/��&DVHV�RI�PDVV�

diseases of young people caused by work with grain. II. Clinical and 
immunological investigations. Med Wiejska 1981, 16, 205-216. 

163. Strachan DP, Flannigan B, McCabe EM, McGarry F: 
Quantification of airborne moulds in the homes of children with and 
without wheeze. Thorax 1990, 45, 382-387. 

164. 6WU]HOF]\N� $%�� &KDUDNWHU\VW\ND� ]QLV]F]H�� PLNURELRORJLF]Q\FK�

Z�]DE\WNRZ\FK�NVL�*NDFK��Notes konserwatorski 1998, 1, 36-50. 
165. Szczepanowska H, Lovett CHM: A study of the removal and 

prevention of fungal stains on paper. J Am Inst Conserv 1992, 2, 147-
160. 

166. Tarlo SM, Fradkin A, Torbin RS: Skin testing with extracts of 
fungal species derived from the homes of allergy clinic patients in 
Toronto. Clin Allergy 1988, 18, 42-52. 

167. Taskinen T, Meklin T. Nousiainen M, Husman T, Nevalainen A, 
Korppi M: Moisture and mould problems in schools and respiratory 
manifestations in school children: clinical and skin test findings. Acta 
Paediatr 1997, 86, 1181-1187. 

168. Trunov M, Trakumas S, Willeke K, Grinshpun SA, Reponen T: 
Collection of bioaerosol particles by impaction: effect of fungal spore 
agglomeration and bounce. Aerosol Sci Technol 2001, 35, 617-624. 

169. Tuomi T, Johnsson T, Reijula K: Mycotoxins and associated 
fungal species in building materials from water-damaged buildings. 
Proc Healthy Buildings 2000 a, 3, 371-376. 

170. Tuomi T, Reijula K, Johnsson T, Hemminki K, Hintikka E-L, 
Lindroos O, Kalso S, Koukila-Kähkölä P, Mussalo-Rauhamaa H, 
Haatela T: Mycotoxins in crude building materials from water-damaged 
buildings. Appl Environ Microbiol 2000b, 66, 1899-1904. 

171. Utell M, Samet J: Airborne particles and respiratory disease: 
clinical and pathogenetic considerations. In:  Wilson R, Spengler JD 
(Eds): Particles in Our Air: Concentrations and Health Effects, 1169-
1188. Harvard University Press 1996. 

172. Valentin N: Preservation of historic materials by using inert 
gases for biodeterioration control. In:  Maekawa S (Ed): Research in 
Conservation: Oxygen-Free Museum Cases, 17-29. The Getty 
Conservation Institute, Los Angeles 1998. 



 Microorganisms and their fragments in indoor air 197 

173. van der Laan PCH: Moisture problems in the Netherlands: a pilot 
project to solve problem in social housing. In:  Samson RA, Flannigan 
B, Flannigan ME, Verhoeff AP, Adan OCG, Hoekstra ES (Eds): Air 
Quality Monographs, Vol. 2: Health Implications of Fungi in Indoor 
Environments, 507-516. Elsevier Science B.V., Amsterdam 1994. 

174. Van Loo JM, Robbins CA, Swenson L, Kelman BJ: Growth of 
mold on fiberglass insulation building materials - a review of the 
literature. J Occup Environ Hyg 2004, 1, 349-354. 

175. Verhoeff AP, Burge HA: Health risk assessment of fungi in 
home environments. Ann Allergy Asthma Immunol 1997, 78, 544-554. 

176. Verhoeff AP, van Wijnen JH, Boleij JSM, Brunekreef B, van 
Reenen-Hoekstra ES, Samson RA: Enumeration and identification of 
airborne viable mould propagules in houses. Allergy 1990, 45, 275-284. 

177. von Gierke HE, Nixon CW: Damage risk criteria for hearing and 
human body vibration. In:  Beranek LL, Vér IL (Eds): Noise and 
Vibration Control Engineering: Principles and Applications, 585-610. 
John Wiley & Sons, Inc., New York 1992. 

178. Waegemaekers M, van Wageningen N, Brunekreef B, Boleij 
JSM: Respiratory symptoms in damp houses. Allergy 1989, 44, 192-198. 

179. Waksman SA: The Actinomycetes. A Summary of Current 
Knowledge. The Ronald Press Company, New York 1967. 

180. :D*Q\� -�� 0LNURRUJDQL]P\� UR]ZLMDM�FH� VL
� Z� EXG\QNDFK�� ,Q��
:D*Q\�-��.DU\��-��(GV���2FKURQD�%XG\QNyZ�SU]HG�.RUR]M��%LRORJLF]Q�, 
52-90. Arkady, Warszawa 2001. 

181. Williams ST, Bradshaw RM, Costerton JW, Forge A: Fine 
structure of the spore sheath of some Streptomyces species. J Gen 
Microbiol 1972, 72, 249-258. 

182. Williams ST, Sharples GP, Bradshaw RM: The fine structure of 
the actinomycetales. In: Sykes G, Skinner FA (Eds): Actinomycetales: 
Characteristics and Practical Importance, 113-130. Academic Press, 
New York 1973. 

183. Williams ST, Sharpe ME, Holt JG (Eds): Bergey’s Manual of 
Systematic Bacteriology, Vol. 4. Williams and Wilkins, Baltimore 1989. 

184. Yang CS, Johanning E: Airborne fungi and mycotoxins. In: 
Hurst CJ, Knudsen GR, McInerney MJ, Stetzenbach LD, Walter MV 
(Eds): Manual of Environmental Microbiology, 651-660. ASM Press, 
Washington, D.C. 1997. 

185. Zaremba ML, Borowski J: Mikrobiologia Lekarska. Wydawnictwo 
Lekarskie PZWL, Warszawa 2001.  

186. Zoberi MH: Take-off of mold spores in relation to wind speed 
and humidity. Ann Botany 1961, 25, 53-64. 

187.  Zyska B: =DJUR*HQLD�%LRORJLF]QH�Z�%XG\QNX. Arkady, Warszawa 
1999. 

 


