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The aim of this investigation was to monitor the densities and
distribution of indoor airborne fungal spores that can cause an allergic
response in three educational institutions placed in different location of lasi
City, Romania. Areas monitored were two lecture halls and one laboratory
from the university campus, one classroom from a primary school and one
from high school.

Air samples from all location were taken using the Koch
sedimentation method, which suppose that Petri dishes which contained
potato-dextrose-agar (PDA) and peptone-glucose-agar (PGA) media in three
different compositions (classic, with rose-bengal and with streptomycin) are
exposed to room air for a 5-min period. Samples were collected from April to
May 2009. A total of 333 microfungal colonies were counted on 90 plates.
Identification of these showed 11 genera and 10 colonies of indeterminate
spores from the indoor air samples. The identification of the fungi was made
according to their microscopic properties and through references.

The results showed that in all three locations were differences in the
distribution of fungal genera, but Penicillium, Cladosporium and Aspergillus
were the most prevalent fungal genera (43.8, 22.2 and 18.0% of the total,
respectively). Indoor concentration of fungal spores in the university
laboratory and high school classroom were found to be higher as the
international standards and has potential to develop adverse health effects to
the occupants.
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Fungal spores and other airborne structures are ubiquitous in the indoor
environments. Some species from Cladosporium, Penicillium and Asperigillus
fungi genera can cause extreme allergic reaction or respiratory and other related
diseases in humans. The physicall condition from different building structures,
such as humidity level, temperature and the presence of organic and anorganic
substrates, influence the fungal concentration in their indoor air. Collection of
airborne spores can provide valuable information about the indoor air quality in
many types of buildings [8].

518



Lucrari $tiintifice — vol. 52, seria Agronomie

The aim of this investigation was to monitor the densities and distribution of
indoor airborne fungal spores that can cause an allergic response in three
educational institutions placed in different location of lasi City, Romania.

MATERIAL AND METHOD

The fungal composition of the air from different educational institutions was
investigated. Areas monitored were two lecture halls and one laboratory from the
university campus, one classroom from a primary school and one from high school.
Samples were collected from April to May 2009. Air samples from all location were
taken using the Koch sedimentation method, which suppose that Petri dishes which
contained potato-dextrose-agar (PDA) and peptone-glucose-agar (PGA) media in three
different composition (classic, with rose-bengal and with streptomycin) are exposed to
room air for a 5-min period. Petri plates used were incubated aerobically at 28 ° C for 5
days.

After incubation and identification, concentration of airborne fungi was calculated
as colony forming units (CFU)/cm®. Light microscope was used to determine the
colonial features and the morphological structures of the fungi. The determination of the
morphological structures of fungi was carried out on material mounted in lactophenol.
Fungi were identified to genus level based on micromorphology and using the books by

Barnett and Ellis [3, 6].

RESULTS AND DISCUSSIONS

On the basis of the analyses of the air samples collected from different
educational institutions by Koch sedimentation (passive) method, the microbial
contamination was determined. This method was used because of its inherent
practicalities, low cost and ease of use to obtain preliminary or qualitative
information regarding the air fungal spores [2, 7].

A total of 333 microfungal colonies were counted on 90 plates. Identification
of these showed 11 genera and 10 colonies of indeterminate spores from the indoor
air samples. The identification of the fungi was made according to their
microscopic properties and through references.

The results showed that in all three locations were differences in the
distribution of fungal genera, but Penicillium, Cladosporium and Aspergillus were
the most prevalent with 43.8, 22.2 and 18.0% of the total, respectively. Other fungi
genera included Alternaria, Botrytis, Trichoderma, Verticillium, Fusarium,
Stemphyllium, Rhizopus, and Mucor. Fungi isolated from sampled air are presented
in Figure 1.

Aspergillus and Penicillium spores are the most frequent and predominant
aeroallergens in the world. Hu et al. [8] indicated that airborne Penicillum,
Cladosporium and Aspergillus spores represent the highest average counts in
school buildings. The most common indoor fungus are Cladosporium, Alternaria,
Aspergillus and Penicillium species [18].These results are compatible with our
findings; the above mentioned genera were found in high frequency in our work
(84.0% —fig. 1).
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Figure 1 Frequency of isolated fungi

The quality of indoor air from the educational institutions depends on
internal sources, such cleaning procedures, air ventilation, temperature and relative
humidity. The air contamination in educational rooms was measured and the results
varied from 120.8 to 862.0 CFU/m® (tab. 1).

No established guidelines are available regarding the permissible limits for
exposure to airborne fungal spores to assess health impact, due to the complexity of
their composition, variations in human response to exposure, and difficulties in
recovering microorganisms that can pose a hazard during routine sampling [10].
However, there are some recommended concentrations for building environments.
For clean areas the normal level of airborne fungi should be under 550 CFU/m?®
Rooms with airborne fungi between 550 and 700 CFU/ m® are regarded as
contaminated, while those with CFU/m® greater than 700 were regarded as highly
contaminated [11].
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Table 1
Indoor airborne fungi concentration in different educational institutions
Concentratie . .
: . Normele orientative
. . micromicete PN .
Sala Genuri identificate (UFC/m3 pentru incarcarea fungica
a aerului din Tncaperi
aer)
IAmfiteatrul A1 al USAMV Ezﬂggugiuﬂteg:)?r”ai’s 244 3valori normale
lasi porium, Botrytis, (< 550 UFC/m® aer)
IAspergilus, Fusarium
IAmfiteatrul A2 al USAMV |Penicilium, Cladosporium, 483 9valori normale
lasi Alternaria (< 550 UFC/m® aer)
Laboratorul L7 al USAMY | 200sporium, Periciium, 11 qlnfestare maxim3
lasi » ASPETGIUS, (> 700 UFC/m® aer)

Stemphyllium, Rhizopus
Clasa I-a A din Scoala Cladosporium, Alternaria,
Generala “Elena Cuza”  |Penicilium, Aspergillus, 120,8
din lasi Mycelia sterilla
Caladosporium,
Alternaria, Aspergillus,
Penicilium, Botrytis, 86
\Verticillium, Trichoderma,
Mucor

\valori normale
(< 550 UFC/m® aer)

Infestare maxima
(> 700 UFC/m*® aer)

Clasa a Xll-a E din Liceul
IAgricol “V.Adamachi” lagi

N

Indoor concentration of fungal spores in the university laboratory and high
school classroom were found to be higher as the recommended concentration and
has potential to develop adverse health effects to the occupants (tab. 1).

According to Pastuszka et al. [16], Cladosporium, Alternaria and
Aspergillus are the main fungi to which children may be sensitised and to which
allergic symptoms can be provoked. Exposure to the aeroallergen Alternaria is a
risk factor for respiratory arrest in children and young adults with asthma.
Alternaria, Cladosporium, Curvularia, Fusarium, Trichoderma and Verticillium
may produce mycotoxicosis in humans. Moreover, Daisey et al. [5] reported that
asthma and “sick building syndrome” symptoms are common in schools.
Aspergillus and Penicillium genera produce more spores than other species.

In case of the other three location the airborne fungal spores concentration
was lower as the normal level, so that no negative health effects for occupants were
expected.

CONCLUSIONS

1. Indoor concentrations of fungal spores in the university laboratory and
high school classroom were found to be higher as the recommended concentration
(>700 CFU/m® and have potential to develop adverse health effects to the
occupants.

2. In case of the two lecture halls and the primary school classroom the
airborne fungal spores a concentration was lower that 550 CFU/m® so that no
negative health effects for occupants were expected.
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3. The maximal number of fungal genera was found in the high school
classroom: Penicillium, Cladosporium, Alternaria, Aspergillus, Botrytis,
Trichoderma, Verticillium and Mucor.

4. The fungal genera Penicillium, Cladosporium and Aspergillus were the
most prevalent with 43.8, 22.2 and 18.0% of the total, respectively. Other fungi
genera included Alternaria, Botrytis, Trichoderma, Verticillium, Fusarium,
Stemphyllium, Rhizopus, and Mucor.

BIBLIOGRAPHY

1. Asan, A., Sen, B., Sarica, S., 2002 - Airborne fungi in urban air of Edirne city (Turkey),
Biologia, 57:59-68.

2. Atlas, R.M., Bartha, R., 1998 - Microbial Ecology. Fundamentals and Applications, 4th
edn, 694 pp, Benjamin/Cummings Publishing Comp. Inc., Menlo Park, CA.

3. Barnett, H.L., 1960 - llustred genera of imperfect fungi, Burgess Publishing Company,
USA.

4. Colakoglu, G., 2003 - Airborne fungal spores at the Belgrad forest near the city of Istanbul
(Turkey) in the year 2001 and their relation to allergic diseases, J. Basic Microbiol.,
43: 376-384.

5. Daisey, J.M., Angell, W.J., Apte M.G., 2003 - Indoor air quality, ventilation and health
symptoms in schools: an analysis of existing information, Indoor Air, 13:53-64.

6. Ellis, M.B., Ellis P.J., 1985 - Microfungi on land plants, Macmillan Publishing Company,
USA.

7. Hoekstra, E.S., Samson, R.A., Summerbell, R.C., 2002 - Methods for the detection and
isolation of fungi in the indoor environment. In: Samson R.A., Hoekstra E.S., Frisvad
J.C., Filtenborg O. - Introduction to Food- and Airborne Fungi, 6th edn, 389 pp
Centraalbureau Voor Schimmelcultures, Utrecht, The Netherlands.

8. Hu, F., Barnes, C.S., Kusko, G., Portnoy, J., 2002 - Comparison of indoor airborne spore
collections in residential, commercial and school buildings. J. Allergy Clin. Immunol.,
109:116-120.

9.Kirk, P.M., Ansell, A.E. 1992 - Authors of Fungal Names. Index of Fungi Supplement, 95
pp, International Mycological Institute. An Institute of CAB International Kew, Surrey
(UK). (New online version of this revised book can be obtained from:
http://www.indexfungorum. org/ AuthorsOfFungalNames.htm).

10. Macher, J., Ammann, H.A., Burge, H.A., Milton, D.K., Morey, P.R., 1999 - Bioaerosols:
Assessment and Control, Cincinnati, American Conference of Governmental
Industrial Hygienists, pp. 1-5.

11. Macher, J.M., Streifel, A.J., Vesley, D., 1995 - Problem buildings, laboratories and
hospitals: in Cox CS, Wathes CM (eds): Bioaerosols Handbook, New York, Lewis
publishers, pp. 505-530.

12. Manescu, S., 1989 - Microbiologie sanitara, Ed. Medicala Bucuresti, Roméania.

13. Martin, J.P., 1950 - Use of acid, rose bengal and streptomycin in the plate method for
estimating soil fungi, Soil Sci., 69:215-232.

14. Mui, KW., Chan, W.Y., Wong, L.T., Hui, P.S., 2007 — Fungi and Indoor Air Quality
Assesment Parameter of Air-conditioned Offices, Building Serv. Eng. Res. Technol.

15. Oykutuk, A., Ceylan, E., Ergor, G., Yucesoy, M., Itil, O., Caymaz, S., Cimrin, A., 2008 —
The Relationship between Moulds Isolated from Indoor Air and Features of the
House Environment, Indoor and Built Environment.

16. Pastuszka, J.S., Paw, UKT, Lis, DO, WIlazlo, A, Ulfig, K, 2000 - Bacterial and fungal
aerosol in indoor environment in Upper Silesia, Poland. Atmos Environ
2000;34:3833-3842.

522



Lucrari Stiintifice — vol. 52, seria Agronomie

17. Portnoy, J.M., Charles, S.B., Kevin, K., 2008 - Importance of Mold Allergy in Asthma,
Current Allergy and Asthma Reports, 8, 71-78.

18. Sarica, S., Ahmet, A., Muserref, T.O., Mevlut T., 2002 - Monitoring Indoor Airborne Fungi
and Bacteria in the Different Areas of Trakya University Hospital, Edirne, Turkey,
Indoor and Built Environment, 11:285-292.

19. Zarnea, G., 1994 - Tratat de Microbiologie generala, Vol - V, Ed. Academiei Roméane,
Bucuresti.

523





