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Abstract: Studies of indoor bioaerosols conducted in Central and Eastern European
countries, as a result of the scarcity of funding, mostly do not attain the level presented
by similar studies in Northern America and Western Europe. For socio-economic
reasons, most of the intense studies on indoor bioaerosols in Central and Eastern
European countries were carried out in industrial facilities and have contributed
significantly to occupational health science. In contrast, until recently, insufficient of
studies have been conducted on bioaerosols of residential and communal premises
(dwellings, offices, schools, etc.) and no network for monitoring the microbiological
quality of air in such premises exists. In Poland, in the mid-1990s complex bioaerosol
investigations were carried out by the Bioaerosol Group at the Institute of Occupational
Medicine and Environmental Health in Sosnowiec. The concentrations of airborne
bacteria and fungi in dwellings without mold problems were between 88-4297 cfu/m
and 0-1997 cfu/f while in moldy homes they were 178-4751 cfuénd 49-16968
cfu/n?, respectively. As many as 167 microbial species were isolated from the air of
examined dwellings. Most frequently occurred Gram-positive colitr¢coccug
Kocuria spp., Staphylococcuspp.), endospore-forming bacillBécillus spp.), Gram-
negative bacteriaPseudomonadaceaderomonasspp.), filamentous fungiPenicillium
spp.,Aspergillusspp.), and yeasts. Notable studies of indoor bioaerosols have also been
performed in the other Central and Eastern European countries: Lithuania, Latvia, Estonia,
Russian Federation, Ukraine, Czech Republic, Slovakia, Bulgaria and Hungary, are
reviewed in this article. The lack of reference limit values for bioaerosols seriously
hinders interpretation of results obtained in various countries. The following residential
limit values (RLV) for dwellings and communal premises are proposed for the concentration
of airborne bacteria, fungi and bacterial endotoxina8’ cfu/n?, 5x 1G cfu/n? and 5 ng/rh

(50 EU), respectively. The proposed values of occupational exposure limit (OEL) for
industrial settings contaminated by organic dust arex100 cfu/nT, 50x 10° cfu/n? and

200 ng/m (2000 EU), respectively. It is also proposed that the presence in indoor air of
microorganisms from risk groups 3 and 4 of European Community Directive 2000/54/EC
(e.g.,Mycobacterium tuberculosiBacillus anthracisCoxiella burneti), independently

of the concentration, should always be inadmissible and result in preventive actions.
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INDOOR BIOAEROSOLS - CURRENT PROBLEMS  advances in human exposure determination, have been
allowed more precise identification of the sources of
The last decade has been characterized by a significamitrobial contamination, evaluation of the quality of
increase of the worldwide scientific database oimdoor air and the assessment of potential hazards.
bioaerosols in indoor environment. Development of new In spite of this tremendous scientific progress, which
sampling techniques and analytical methods, as well has been taken place mainly in developed countries

Received: 10 May 2002
*Report presented during the Joint WHO-NIOSH-USEPA Expert Meeting on WHO Guidelines for Biological Agents in the Indoor Environment, Berlin, Germany, 22-25 April 2002.



18 Gorny RL, Dutkiewicz J

(Western Europe and USA), the state of knowledge abdBioaerosol Group at the Institute of Occupational Medicine
biologically originated indoor air pollution in Central andand Environmental Health, Sosnowiec, in co-operation
Eastern European countries seems to be still relativelyith the Department of Occupational Biohazards at the
narrow and insufficient. The reasons for these limitebhstitute of Agricultural Medicine, Lublin, as a first

resources should be perceived mainly in: research unit initiated comprehensive measurements in
« lack of modern sampling instrumentation, dwellings. The investigations were carried out on a group
. common use of old methods (e.g., sedimentation) tf more than 100 flats located in 15 towns of the Upper
evaluate microbiological quality of the air, Silesia conurbation [14, 15, 16, 24, 25, 27]. Upper Silesia

. relatively high costs of instrumental analyses (e.gis the highly industrialized, urbanized, and heavily
for bacterial and fungal toxins and their markers — 3-OHolluted region of southern Poland (2.7 thousand)km

fatty acids and ergosterol), inhabited by ca. 4 million people (10% of the population
. lack of commonly approved criteria for assessingf Poland). The measurements were carried out in flats in
exposure to biological factors, multi-family buildings, homes, and offices, with and

« very low number of institutions/organizations interestedithout mold problems. Most of the examined dwellings
in (or obligated to perform) comprehensive environmentavere in buildings erected from large panels (72% of the
monitoring of bioaerosols. measurements). The remainder were flats of bricks and/or

To date in Central and Eastern European countriesy bricks buildings. All the investigated premises were
there is no existing network of sanitary-epidemiologicatquipped with a water-based central heating system and
stations responsible for microbiological indoor aiwventilated in naturally, without the use of any ventilating
measurements/control. Indoor bioaerosol measurements air-conditioning devices. The bacterial and fungal
are carried out only as scientific projects and hence theesidential bioaerosols were investigated in rooms where
frequency is low. The expansion of this type othe inhabitants spent most of their time. Sampling was
measurement is still limited by a relatively small technicglerformed at the height of 1.4 m above floor level to
staff. If bioaerosols appear at the center of interest, it $mulate the human breathing zone. Measurements of
usually related to the occupational matters and/or to cad#eaerosols concentrations were carried out using the six-
of health complaint. Such a passive attitude towardsage Graseby-Andersen impactor.
bioaerosols is increased by a lack of internationally The microbial taxa (167 different species) isolated from
recognized criteria for assessing exposure to biologicaldoor air and their percentage in the total examined
factors. microflora is presented in Table 1. A short summary of

In Poland, as in many Central and Eastern Europedhre findings is presented below:
countries, the presence of elevated levels of bioaerosols is in the group of Gram-positive mesophilic bacteria:
still a hidden problem. Limited studies performed omicrococcugocuria spp. andstaphylococcuspp. occurred
indoor air indicated that microbiological quality of the aiin 100% of examined flatsBacillus spp. in 90% and
could be a potential causative agent of health complairt®cardiaspp. in 33% of flats;
of inhabitants. Currently, such cases usually attract public. in the group of Gram-negative mesophilic bacteria:
attention when they appear as relatively numerous (magecies of the familyPseudomonadaceaeccurred in
problems in old buildings) or after big environmentaB0% of examined flats anleromonaspp. in 40%;
disasters (such as the 1997 flood in Poland) [32]. « in the group of fungi:Penicillium spp. occurred in

For socio-economic reasons, most of the intense stud@&g% of investigated dwelling#spergillusspp. in 62%,
on indoor bioaerosols in Central and Eastern Europeand yeasts in 52%.
countries were carried out in industrial facilities [1, 2, 4, The singularity of investigated residential apartments
6, 8, 19, 23], some even in environments scarcely studie@s the high frequency of the occurrenceAefomonas
in Western countries (herb industry, fur and wool processingacteria. These rod-shaped Gram-negative bacteria are
fiberboard and chipboard factories) [9, 10, 13, 22, 26associated with outdoor environments (water, sewage)
These studies have made a significant contribution &nd have not yet been reported as common in indoor air.
occupational health science. Besides, the surprisingly high occurrence of yeasts in the

Below, is presented a short review of recent research am of dwellings was comparable with levels characteristic
indoor bioaerosols conducted in Poland, largely with thef subtropical climate apartments.
participation of the authors, and in some other Central andThe concentrations (mean, median, standard deviation,
Eastern European countries. The authors apologize tlaid range) of different groups of microorganisms in the
because of the limited volume of this paper could netir of the examined dwellings, offices, and moldy homes
present many other valuable papers on indoor bioaerosofg¢he Upper Silesian conurbation are presented in Table 2.
that have been performed in this region of the world. ~ All mean concentrations for healthy (i.e. no health

complains) dwellings and offices were below the' 10

BIOAEROSOL MEASUREMENTS IN POLAND cfu/m® level and may be treated as normal values for these

types of premises. Average bacterial and fungal

In the mid-1990s, the first modern complex bioaerosaoncentrations in moldy homes always exceeded their
investigations of dwellings were initiated in Poland. Théevels recorded in the healthy dwellings.
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Endotoxin concentration in the air of Upper Silesi@enicillium notatum penicillic acid, and Penicillium
conurbation dwellings is presented in Table 3. The measlandicumemodin) was also demonstrated. A correlation
values measured using gel-clot and kinetic chromogenias confirmed between a fungal species diversity, high
methods were below 1 nglmOnly in one sample out of concentration of particular aerosols, high relative humidity
40 examined, was observed a concentration above 5.ng/rand temperature [22].

In contrast to dwellings, Dutkiewic al.[6, 7, 8, 9, 10] Lugauskaset al. [26] performed in Vilnius a study on
found in Polish agricultural and wood industry settingsoncentration and species composition of airborne fungi
high concentrations of airborne microorganisms anit a fur processing facility. In 7 examined premises, fungal
bacterial endotoxin, in many cases exceeding the levelsauncentrations ranged within 2.5 x?103.3 x 18 cfu/nr’.

10 cfu/n? and 100 ng/rh respectively. The highest degree of pollution (2.1 - 3.3 * &fu/m’)
was found in cutting-assembling and round-rolling shops
BIOAEROSOL MEASUREMENTS IN OTHER where active technological processes were performed. As
CENTRAL AND EASTERN EUROPEAN many as 123 fungal species, ascribed to 41 genera, were
COUNTRIES isolated and identified in the examined facility, including

numerous allergenic, toxin-producing and infectious

The situation in other Central and Eastern Europeapecies. Dominating genera were as folloBladosporium
countries, in principle, seems to resemble the Poligenicillium Aspergillus Alternaria, Mucor, Trichophyton
example. The available indoor bioaerosol measuremestdMicrosporum
data are usually related to the occupational environment.
Very little is known about the microflora of dwellings. Latvia. Ermanet al.[12] found large concentrations of
Below is the short summary of indoor bioaerosol dataicroorganisms (of the order 400 cfu/n?) in the air of
available from scientific literature. animal farms housing cows, pigs and poultry. The authors

stated that the animal farm workers steadily exposed to

Lithuania. Krik$taponis presented very comprehensivenicrobial concentrations above 5.0 ¥ t6u/m® showed a
studies on fungal species in residential and occupatiorsgnificant increase in work-related respiratory and skin
environments [22]. Airborne fungi were collected using diseases, and in allergic reactions.
slit-to-agar single stage Krotov 818 impactor. The
investigated premises included 14 dwellings, as well asEstonia. Indermitte [20] reported an average level of
individual rooms in occupational premises. In 86%, theicroorganisms in 4 office buildings (total 45 rooms)
investigated dwellings were recognized as having a moldth natural and mechanical ventilation systems. The
problem (visible mold growth). Maximal fungal concentratiorbioaerosols were sampled using FH3 impactor during the
exceeded 10cfu/nt, whereas the mean concentration itheating season (October—April). The average level for
reference dwellings (without mold growth) did not reachairborne bacteria was 384 cfunand for airborne fungi
200 cfu/mi. Fungi dominating in dwellings belonged to165 cfu/m, both of which were interpreted as “low values”.
the following generaPenicillium Aspergillus Cladosporium  Eleven different fungal species were identified. In some
Alternaria (all present in 100% of dwellingspucor samples, actinomycetes were detected but their content
(93%), Rhizopus(86%), Ulocladium (79%), Mortierella  remained at “low level’. Rooms with reported previous
(71%), Aureobasidium (71%), Oidiodendron (57%), moisture damages did not show any elevated concentration
Geotrichum(57%), andTrichoderma(36%). of microorganisms.

Concentrations of fungi (and their dominant genera) in
the examined occupational environments were as follows: Russian FederationPetushkova and Kandyba [28] studied
hospital rooms 26-78 cfufhfPenicilliumandAspergillu3,  airborne microflora of the Moscow Kremlin Cathedrals.
sanatorium rooms 156-720 cfiffenicillium Cladosporium  Gravitational (sedimentation) methodology was used in
ChrysosporiumandAspergillu3, medicine packing company this study. Concentration of bacterial flora ranged from
80-9040 cfu/m (Penicillium Aspergillus andAlternaria), 0.13-0.43 cfu/cifor the central part of the cathedral and
dairy 600-15169 cfu/m (Penicillium and Geotrichun),  from 0.38-1.28 viable cfu/chrfor the crypt. The highest
shoe-making company 47-293 cfd/rAspergillusand number of bacteria was found near the air-conditioning
Penicillium), paper producing company 240-360 cfi/msystem. Among the isolated bacterdicrococcusspp.
(Penicillium, Cladosporium Aspergillus Mortierella, andRhodococcuspp. were predominant, but species from
AureobasidiumBotrytis), buffet and café 921-7735 cfulm PseudomonasXanthomonasAlcaligenes, Arthrobacter
(Penicillium, Aspergillus andCladosporiun, library 28-  Flavobacterium, Corynebacteriyn€ellulomonas, Bacillus
4100 cfu/m  (Aspergillus Penicillium Cladosporium  StreptomycesSpirillum, Cytophaga and myxo-bacteria
Mortierella, Trichoderma Geotrichum Botrytis and genera were also isolated. Fungi concentration ranged
Paecilomyces[22]. from 0.04—0.25 cfu/cfin the central part of building and

It was ascertained that enzymatic (proteolytic, lipolyticrom 0.2-0.67 cfu/cfin the crypt. The species from genera
cellulolytic) activity was characteristic of the majority of Acremonium, Penicillium, Chrysosporium, Verticillium,
isolated fungal strains. The production of fungal toxingspergillus, Gilmaniella, GeotrichunCladosporiumand
(Aspergillus flavusaflatoxins,Penicillium cyclopiumand yeasts were the most frequently isolated.
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Table 1. Microbial taxa isolated from the air of Upper Silesia conurbation dwellings, Poland [14, 16, 17]. Percentage preserifiecd&mmiés in
the total number of examined flats is shown in parentheses.

l. Gram-positive mesophilic bacteria

1.1 Gram-positive cocci

I.1.1  Species of genidicrococcus (Kocuria)M. kristinae(13.3),M. varians/roseu$45.0),M. spp (100.0);

1.1.2 Species of geni&taphylococcusS. aureug30.0),S. capitig5.0), S. chromogengsyn.S. hyicussp.chromogengs(5.0), S. cohnii(28.3),
S. epidermidi$83.3),S. haemolyticu6.7),S. hominig20.0),S. intermediugsyn.S. aureusiotyp E) (3.3),S. lentugsyn.S. sciurissp.
lentug (28.3),S. lugdunensig33.3),S. saprophyticuél1.7),S. schleifer{1.7), S. sciuri(syn.S. sciurissp.sciuri) (25.0),S. simulang3.3),
S. warneri(6.7), S. xylosu$36.7),S.spp(18.3);

1.1.3 Species of genw@&treptococcusS. adjacengsyn. Abiotrophia adiacens(1.7),S. equinugl.7),S. mitis(syn.S. mitio) (1.7),S.spp (5.0);

I.1.4  Species of geniEnterococcusE. durans(syn.Streptococcus durans, Streptococcus faeaspidurang (3.3),E. spp. (1.7);

I.1.5  Species of genuserococcusA. viridans(20.0),A. spp. (3.3);

1.2 Endospore-forming Gram-positive rods
I.2.1  Species of genBacillus B. alvei(1.7), B. amyloliquefacienfl.7), B. brevis(31.7),B. cereug5.0), B. circulans(18.3),B. firmus(5.0),
B. lentug(8.3), B. megateriun13.3),B. pumilug13.3),B. sphaericu§21.7),B. stearothermophilugl.7), B. subtilis(1.7), B. spp. (53.3);

1.3 Irregular, non-sporing Gram-positive rods
1.3.1 Species of genusthrobacterspp. (5.0);
1.3.2  Species of gen@orynebacteriunspp. (1.7);

1.4 Mycobacteria
1.4.1  Species of geniycobacteriunspp. (3.3);

1.5 Aerobic actinomycetes

I.5.1  Species of geniocardiaspp. (31.7);
1.5.2 Species of gendghodococcuspp. (6.7);
I.5.3  Species of gen&treptomycespp. (10.0);

Il Gram-negative mesophilic bacteria

1.1 Gram-negative aerobic rods

1.L1.1  Species of genuseudomonas>. aeruginosd6.7), P. alcaligeneg8.3), P. chlororaphigsyn.P. lemonnieri, P. fluorescené3.3),
P. diminuta(syn.Brevundimonas diminuf&DC gr. la) (1.7)P. fluorescen$13.3),P. putida(syn.P. ovalig (15.0),P. stutzer{syn.
P. stanieri,CDC gr. Vb-1, Vb-3) (33.3)P. vesicularigsyn.Brevundimonas vesiculari€orynebacterium vesicular¢1.7),P. spp (10.0);

1.1.2  Species of gend&anthomonasX. maltophilia(syn. Stenotrophomonas maltophilia, Pseudomonas melanogena, Pseudomonas
maltophilia/CDC gr.1) (5.0);

1.1.3  Species of genwurkholderia B. cepacigsyn.Pseudomonas cepacia, Pseudomonas multivorans, Pseudomonas RDGagr,.. EO-1)
(16.7);

1.1.4  Species of genBphingomonasS. paucimobiligsyn. Pseudomonas paucimob)li€l8.3);

1.L1.5  Species of genddavimonas F. oryzihabitangsyn.Pseudomonas oryzihabitar@GDC gr. Ve-2) (15.0);

1.L1.6  Species of genuBhryseomonasC. luteola(syn.Pseudomonas luteol&€DC gr. Ve-1) (30.0);

1.1.7  Species of genusgrobacteriumA. radiobacter(syn.A. tumefaciensCDC gr. Vd-3) (3.3);

1.1.8  Species of genBchrobactrumO. anthropi(syn.AchromobacterCDC gr.Vd) (15.0);

1.L1.9  Species of genudoraxella M. lacunata(syn.Bacillus lacunatus, M. liquefacien&.7),M. spp. (6.7);

11.1.10 Species of gendscinetobacterA. junii/johnsonii(syn.A. calcoaceticus(1.7),A. lwoffii (syn.A. calcoaceticusar. lwoffii) (1.7),A. spp
(6.7);

11.1.11 Species of genidavobacteriumF. breve(syn.Bacillus brevi$ (1.7),F. indologenegsyn. Chryseobacterium indologends aureumCDC
gr. lIb) (6.7),F. odoratum(syn. CDC gr. M-4f) (1.7);

11.1.12 Species of genWeeksellaW. zoohelcunfsyn.Bergeyella zoohelcun€DC gr.llj) (1.7);

11.1.13 Species of genudcaligenesA. faecalis(syn.A. odorans, Achromobacter xylosoxidp(®.3);

11.2 Facultatively anaerobic Gram-negative rods

1.2.1  Species of genu=clercia L. adecarboxylatgsyn.Escherichia adecarboxylat41.7);

1.2.2  Species of genudebsiella K. pneumoniassp.ozaenagsyn.K. ozaenag(1.7);

11.2.3  Species of genunterobacterspp. (3.3);

1.2.4  Species of genu&antoea P. agglomerangsyn.Enterobacter agglomerans, Erwinia herbicprwinia milletiag (10.0);

1.2.5 Species of geni&winia spp. (10.0);

1.2.6  Species of genBerratia S. plymuthicg1.7), S. rubidaegsyn.S. marinorubra (3.3),S.spp. (5.0);

1.2.7  Species of genwroteusspp. (1.7);

1.2.8  Species of genuRatumella T. ptyseo$1.7);

1.2.9  Species of genusstonella L. damselgsyn.Photobacterium damsel&ibrio damsela (1.7);

11.2.10 Species of genuseromonasA. hydrophila/cavia€25.0),A. salmonicidassp masoucida/achromogené&7), A. salmonicidassp
salmonicida(6.7), A. sobria(3.3);

11.2.11 Species of geniasteurella P. haemolytic48.3), P. multocidassp.multocida(syn.P. multocida (1.7),P. spp (10.0);

11.2.12 Species of gentisaemophiluspp. (1.7);

11.2.13 Species of gen@hromobacteriumC. violaceun(1.7);

Il Thermophilic actinomycetes

.1 Species of genuSaccharopolyspotés. rectivirgula(syn.Micropolyspora faeni, Faenia rectivirgul¢8.3);
.2 Species of genuStreptomycesS.spp. (11.7);
1.3 Species of genuShermoactinomyced. vulgaris(11.7);
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V. Fungi

V.1 Yeasts

IV.1.1 Species of genuBandida C. famatasyn.Torula candida Torulopsis candidaCryptococcus candidg1.7),C. lambica(5.0), C. lipolytica
(syn.Mycotorula lipolyticg (1.7),C. lusitaniag(1.7),C. maris(1.7), C. parapsilosigsyn.C. parakruseiMonilia parapsilosi$ (6.7),C.
zeylanoide$1.7),C. spp (21.7);

IV.1.2 Species of gen@ryptococcuspp. (1.7);

IV.1.3 Species of genuBeotrichum G. candidun{15.0), G. flavo-brunneun(5.0);

IV.1.4 Species of geni®Bhodotorula R. glutinis(syn.Rhodosporidium toruloides, Rhodosporidium diobovat(88), R. rubra(syn.R.pilimanae
R.mucilaginosa (10.0),R. spp. (15.0);

IV.1.5 Species of genuiichosporon T. cutaneungsyn.T. beigeli) (1.7);

IV.1.6 Species of genuBaccharomyces. cerevisia€l.7);

V.2 Filamentous fungi

IV.2.1 Species of genusbsidia A. corymbifera5.0);

IV.2.2 Species of genwternaria: A. alternata(syn.A. tenui$ (23.3) A. fasciculatg5.0),A. spp. (1.7);

IV.2.3 Species of genusspergillus A. candidug5.0), A. flavug(1.7), A. fumigatug21.7) A. niger(syn.A. awamori, A. ficcum, A. foetidus, A.
intermedius, A. nanus, A. phoenicis, A. pulverulentus, A. tubingensis, A.){&8ci),A. ochraceug¢8.3), A. repeng5.0), A. restrictus
(1.7), A. terreug10.0), A. wentii(1.7), A.spp. (11.7);

IV.2.4 Species of genuephalosporiumC. charticola(6.7), C. terricola(6.7);

IV.2.5 Species of genBladosporiumC. atroseptun(3.3),C. cladosporioide¢syn.Hormodendrum cladosporioideél.7),C. spp. (1.7);

IV.2.6 Species of gendusariumspp (3.3);

IV.2.7 Species of genGilmaniella G. humicola(5.0);

IV.2.8 Species of genBliocladiumspp. (5.0);

IV.2.9 Species of genddumicola H. brevis(3.3),H. grisea(3.3);

IV.2.10 Species of genidducor. M. mucedd6.7), M. spp. (15.0);

IV.2.11 Species of gen@idiodendron O. citrinum(1.7), O. flavum(3.3), O. rhodogenun3.3), O. tenuissimur(iL.7);

IV.2.12 Species of gentenicillium P. atro-sanguineur(B.3), P. aurantio-violaceun(l1.7),P. brasilianum(6.7),P. chrysogenurfsyn.P.
cyaneofulvum, P. griseoroseum, P. meleagrinum, P. nojg®i8),P. communéP. album P. camembertiP. candidun) (8.3), P.
echinulatum(6.7),P. fuscun{10.0),P. goldweski{6.7),P. italicum(13.3),P. janthinellum(5.0), P. kazachstanicurt5.0), P. mirabile(8.3),
P. onobensé8.3),P. roqueforti(P. gorgonzolae, P. stiltgr(6.7),P. sclerotiorum(5.0), P. spinulosun{8.3),P. spp. (46.7);

IV.2.13 Species of gendghinocladiopsisR. vesiculos&10.0);

IV.2.14 Species of gentghinocladiumR. sporotrichoide$5.0);

IV.2.15 Species of gendhizopusspp. (1.7);

IV.2.16 Species of gen@&porotrichumS. salmonicolo(1.7);

IV.2.17 Species of gentgichodermaT. album(5.0), T. lignorum(3.3), T. sympodianurfl1.7);

IV.2.18 Species of gendsitirachiumsp. (5.0).

Garaskoet al. [13] found the microbial concentration oftwice: according to their service appropriation into 3
2.7 x 1@ cfu/m’in the air at initial stages of the productioncategories (dwellings, classrooms, offices) and into 4
cycle in wool weaving mills, and a significant decrease afategories taking into account the absence or presence of
pollution in further stages of the cycle. mold spots on walls, as well as absence or presence of

Bukharin et al. [1] stated that performing drilling health complaints of the occupants. It was found that
operations caused a significant decrease in the totagher concentrations of fungi were detected mainly in the
number of microorganisms and increase in the number aivellings rather than in the classrooms and offices, as
staphylococci in the ambient air. well as in rooms with a low temperature and high humidity.

Based on correlation analysis between health complaints

Ukraine. Tsapkoet al [33] and Chudnovets [2, 3], on and fungi concentrations, the authors suggest that a
the basis of the studies performed in the Kiev region, fourncentration of fungi in indoor air above 2000 cfuim
that bioaerosols, particularly mycotoxin-producing fungia serious risk factor for the health of the occupants.
present a significant risk for workers of the animal feed Pieckova and Jesenska [29] reported that among the
industry. Chudnovets [3] stated in this environment largaost important species of fungi in indoor air of dwellings
concentrations of microorganisms varied within 1.5 % 10 Aspergillus nigerwas isolated from 1-2% of homes in
2.6 x 10 cfu/m®. The most common organisms were fungiPlzen, Czech Republic. From the 16 strainAspergillus
spore-forming bacilli and Gram-negative bacteria. Out ofersicolor isolated in the Czech and Slovak Republics
39 identified fungal species, 11 possessed the ability sterigmatocystin was produced by 69% of strains [34].
produce mycotoxins, which should be considered as aHolcatovaet al. [18] studied microbial contamination
potential occupational risk factor in the animal feedh the operating theatre and intensive care units of the
industry. Kuchuket al. [23] found that the concentration surgery clinic in Prague. Microbial contamination of the
of airborne endotoxin in facilities of the Ukrainian animahir was determined using an aeroscope. Saprophytic flora,
feed industry was within the range of 0.031-240.0 Ag/m mostly Micrococcus albusindSarcina luteawere present

in the investigated rooms. Presence Sihiphylococcus

Czech Republic and SlovakiaKlanova and Drahonovska epidermidis Corynebacteriunspp.,Streptococcus faecalis
[21] investigated fungal flora in 68 rooms located irPseudomonaspp., and fungi (including yeasts) were also
Prague, Czech Republic. Air samples were taken usingcorded. Average airborne concentration of microorganisms
RCS Plus aeroscope. The investigated rooms were divideds between 150-250 cfulm
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Table 2.Concentration (cfu/f) of bacterial and fungal indoor aerosols in Upper Silesia conurbation, Poland.

Type of premises/microorganisms Range Median Mean Standard deviation

Dwellings [14, 17]

Gram-positive mesophilic bacteria 88-3442 409 602 563
Gram-negative mesophilic bacteria 0-228 35 51 53
Thermophilic actinomycetes 0-627 0 12 81
Fungi 2-1997 78 189 351
Total indoor microflora 90-3445 647 854 682
Offices [25, 27]

Bacteria 112-956 272 295 N/A
Fungi (summer) 50-1689 136 245 N/A
Fungi (winter) 18-109 53 49 N/A

Moldy homes [24, 27]

Bacteria 178-4751 1100 980 N/A
Fungi (summer) 103-16968 504 834 N/A
Fungi (winter) 49-3852 239 256 N/A

N/A - not available.

Table 3.Endotoxin concentration (ngfnin the air of Upper Silesia conurbation dwellings [15].

Method Range Median Mean Standard deviation
Classic Limulus test (gel-clot procedure) 0.028-0.868 0.087 0.191 0.211
Kinetic chromogenic LAL method 0.03-5.417 0.162 0.531 1.032

Bulgaria. In Bulgaria, Ikonomoveet al. [19] found in  Alternaria spp. andFusarium spp. were most common
the air of the tricot knitting mills concentrations ofamong fungal isolates. Levels of airborne microbes were
airborne microbes of the order 2A00° cfu/n®. Among significantly higher during the warm period of the year
bacteria, théacillus species prevailed, followed by Gram-compared to the cold one.
positive cocci, whereaSladosporiunmspp.,Penicilliumspp., Other Bulgarian authors, Dimitrost al. [4], reported

high concentrations of potentially allergenic and toxinogenic
Table 4. Proposal for occupational exposure limits (OEL) [11] andungi (Cladosporium Alternaria, Aspergillus Penicillium
resi_dential limit va]ueg (RLV) fqr variogs bioaeroso_l components measurqijsariun) in the air of plants processing cotton and
as inhalable fraction in industrial settings and residential dwellings. hemp, posing a risk of respiratory disease for the exposed

Type of setting, bioaerosol component Proposal of OEL/RL\Workers'

Industrial settings contaminated by organic ¢ e Hungary. Szamet al.[30, 31] characterized the factors

Fungi s50x 1@ cfu/m®  influencing the microflora of indoor air in the metro
stations and in the highest tower building in the

Total mesophilic bacteria 100x 10° cfu/nt” . .
Hungarian capital of Budapest.
Gram-negative bacteria 20x 10° cfu/m®
Thermophilic actinomycetes 20x 10° cfu/m? VALUES FOR BIOAEROSOL REFERENCE
Endotoxin 200 ng/f(2000 EU) LIMITS
Residential dwellings RLV To ensure the reliability of bioaerosol measurement
Fungi 5x 10 cfund  Methods and their proper interpretation, in the first place
it is necessary to unify the methodology, i.e., to recommend
Total mesophilic bacteria 5x 10° cfu/n?®

the use of volumetric methods. The active air sampling
Endotoxin 5ng/m(50 EU) should allow the measurement of a concentration of indoor
* For respirable fraction the proposed limits should be twice as low, i air microorganisms and describe their taxonomical origin.
25 x 10 cfu/n?® for fungi, 50x 10°cfu/n? for total mesophilic bacteria, For easier |nterpretat|on of the results, t.he reference I.Imlt
10x 1Gcfuln? for Gram-negative bacteria, and 1aGcfumn? for ~ vValues for bacterial, fungal, and endotoxins concentrations

thermophilic actinomycetes. EU - endotoxin unit. in indoor air should be recognized by the international




Indoor bioaerosols in Central and Eastern Europe 23

scientific community. Such categorization in indoor 13.Garasko EV, Zhuravleva LT, Sedova EA, Milovanova MA:

; ; ; ienic characteristics of the air and air microflora in the weaving mill
bioaerosol studies should describe the parameters gy{%e wool textile industryGig Tr Prof Zabol1990,2, 45-47 (in Russian).

interpretation of the investigated events (particularly 14 Gemy RL: Characterization of Particulate Aerosols and
important for medical statements on occupational diseaseasipaerosols in the Dwellings Located on the Territory of the Upper
The proposed occupational exposure limits (OEL) [11?ilesia ConurbationPh.D. Thesis. Silesian Medical Academy, Katowice
and residential limit values (RLV) of various bioaerosof?98 (in Polish). . o

in ind ial ) d idential dwelli 15.Gorny RL, Douwes J, Versloot P, Heederik D, Dutkiewicz J:
components In industrial settings and residential dwelling@pication of the classidimulus test and the quantitative kinetic
are presented in Table 4. Independently of these referer@@mogenic LAL method for evaluation of endotoxin concentration in
values, in an assessment of indoor exposure the genéregor air.Ann Agric Environ Med.999,6, 45-51.

assumption should be that in certain circumstances thgl8-Gomy RL, Dutkiewicz J, Krysifska-Traczyk E: Size distribution
. . of bacterial and fungal bioaerosols in indoor Aimn Agric Environ Med
microbial pathogen may be a cause of health problemggg g 105-113.

even at concentrations below the reference limit. The 17.Gérmy RL, Krysinska-Traczyk E: Quantitative and qualitative
presence in indoor air of microorganisms from the riskructure of fungal bioaerosol in human dwellings of Katowice province,
groups 3 and 4 of the European Community DirectivléolandProceedlngs of Indoor Air 99999,1, 873-878.

. . - 18. Holcatova |, Bencko V, Binek B: Indoor air microbial
2000/54/EC (e-g-MyCObaCter'um tuberculosisBacillus contamination in the operating theatre and intensive care units of the

anthracis Coxiella burneti) [5], independently of the surgery clinicProceedings of Indoor Air 93993,4, 375-378.
concentration, should always be inadmissible and result,\i/lnlg-bl_k?nomtova ZIIT, Cffligilska tN, KFU!ev? trlrl’t Anflskta_tstwa A_Iri
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