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istanbul yakininda dért mobilya fabrikasinda malt-agar iceren Petri-kap-
lari ekspoze etme, yani bir sedimentasyon hizini 6lgcme, yontemi kullanilarak
havanin yasam yetenegdindeki mikrobik aerosol konsantrasyonu incelendi.

Saatte dm2ye diisen Koloni Olusturan Unite (KOU/dm2/saat) olarak ifade
edilen sedimentasyon hizi, genellikle, fabrikalarin ¢alismaya baslamalari ile
artim gosterdi.

Hava basinci ile calisan partikil toplama ve havalandirma sistemleri ile
donatilmis olan modern bir fabrikada yapilan 6lgmeler makinalarin ¢alismasi
siiresince fabrika ici aerosol konsantrasyonunun artim géstermekle bareber,

asiri derecede disuk kaldigini (4 6lgme ortalamasi 160 KOU/dm2/saat) goster-
di. Bu deger fabrika disinda agik havada ayni anda yapilan 6lgcmelerde sapta-
nan degerin de altinda kaldi.

Oteki fabrikalarda is siiresince fabrika ici aerosol konsantrasyonu fabrika
disi konstrasyonun ustiinde bulundu. Partikul toplama ve havalandirma sis-
temleri bulunmayan bir at6lyede ise sedimentasyon hizi ¢ok yiksek bir dize-

ye, 1587 KOU/dm2saat diizeyinde bir maksimuma, eristi (4 6lgme ortalamasi
1300 KOU/dm2saat).

1. GIRIsS

Odun igleyen fabrikalarda isyeri havasindaki mikrobik aerosoller is¢i saghigr ve islenen mad-
delerin mantar zararina karsi korunmasi bakimindan 6énemlidir. Bu kirleticilerin yonga tretme ve-
ya odun kurutma gibi islemlerin yapildigi yerlerde asin yogunluga eristikleri (HALLENBRAND,
READE 1992; HENNINGSSON 1979; KOTIMAA 1990), o civarda bulunanlar igin alerji veya
enfeksiyon rizikosu olusturduklari, ayni zamanda da islenen alisap malzemede mali zararlara yol
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acan leke ve c¢iriiklikler baslattiklari, bilinmektedir (BERKOW 1987; FLECHSIG, NEDO 1990;
LUND, LUNDSTROM, WERNER 1993; SURENSEN, SIMPSON DUTKIEWICZ 1991;
SCHEFFER 1973).

Sunulan bu calismanin amaci istanbul yakininda odun isleyen birkag fabrikada havanin mik-
robik aerosol konsantrasyonu hakkinda bilgi toplamak, bu yoldan ilerde yapilacak benzer calisma-
lara ve standartlarin gelistirilmesine katkida bulunmaktir. Elde edilen sonuclar fabrikalar arasinda
buyuk farklar bulundugunu ve uygun partikil toplama ve havalandirma sistemlerinin kullanilmasi
halinde problemin ¢6zllebilecegini gostermistir.

2. MATERYAL VE YONTEM

Havanin mikrobik aerosol konsantrasyonunu tayin igin bir sedimentasyoii teknigi olan Petri-
kabi ekspozur testi uygulandi. Bu yontem Andersen veya Biotest gibi volumetrik testlerin aksine
komplike aletleri gerektirmez ve basittir. Ayrica ahsap yuzeylerine partiklller sedimentasyoi yolu
ile ulastigindan bu test ahsapta enfeksiyon riskinin saptanmasinda daha uygundur.

Kullanilan Petri-kaplari 90 mm capinda ve camdan yapilmislardi. Her kaba son bir hafta igin-
de hazirlanmis 30 cm3, % 2'lik, malt-agar besi ortami kondu. Malt-agar genellikle odunda yasayan
saprofit, fakiltatif saprofit veya alerjen mantarlar i¢in uygun bir besi ortami sayiimaktadir.

Her ekspozur serisi sabahleyin fabrikanin'iretime gecmesinden dnce baslatildi, Uretimin sona
ermesinden sonraya kadar devam elti. Her ekspozur beklenen partikil konsantrasyonuna gére bes
ila on dakika strdu. Sekillerde verilen de@erler ayni anda, zeminin 0,6 ila 1,0 m Uzerinde ekspoze
edilmis dort Pelri-kabindan elde edilen ortalamalardir. Fabrika i¢i ekspozurlar binanin genel duru-
munu temsil edecedi tahmin edilen alanlarda, agik hava ekspozurlan ise fabrika binasinin 10-20 m
uzaginda yapildi. Sekiller ekzpozurun yapildigi saati tam olarak vermektedir.

Ekspoze edilmis kaplar kolonilerin gelismesi igin 25+2 C'de, karanlikta, tutuldu. Koloni sayi-
lari ekspozurdan sonraki alti giin zarfinda belirlendi. Kolonilerin ¢cogunun Penicillium, Alterna-
ria, Cladosporium ve Aereobasidium gibi her yerde bulunan mantar cinslerine girdigi gortld;
ancak kolonilerin tir diizeyinde teshisi veya mikrobik floranin kompozisyonunun belirlenmesi, de-
nenmedi.

3. TEST UYGULANAN FABRIKALAR

* SEM-Parke Fabrikasi. 5000-6000 irr/ay'hik Gretimi, 21 iscisi, 2000 m2'lik kapali is alani
olan bu abrikanin havalandirma sistemi yoktur. Odun isleyen makinalarin bazilarinda hava basinci
ile calisan partikul toplama sistemi vardir.

* Saray Mobilya Fabrikasi. 10.000 mz/ay'lik moduler mobilya Uretimi, 25 is¢isi ve 650
m2’lik kapali is alani olan bu fabrikada Tirkiye'de iretilmis, sabit ve hareketli, hava basinci ile ¢a-
lisan, partikil toplama sistemi vardir. Havalandirma zaman zaman hammadde giris kapisindan
saglanmaktadir.
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* fstanbul Universitesi Orman Fakiiltesi Atdlyesi. Bu atélyenin 100 nr/ay'lik dograma ve
300-400 m2/ay’lik mobilya Uretimi, 20 iscisi ve 900 m: ’lik kapali is alani vardir. Partikul toplama
ve havalandirma sistemleri yoktur.

* Eczaclibagl Mutfak Banyo Sanayi (INTEMA). 3000 m./ay’lik iretimi, 60 isgisi ve 3500
m2'lik kapali is alani olan bu fabrika test uygulanan en modem fabrikadir. Torba tipi filtreli hava-
landirma sistemi ve Alman standartlarina gore Turkiye'de Uretilmis hava basingh partikil toplama
sistemi vardir.

4. BULGULAR VE TARTISMA

Sekil-1 test uygulanan fabrikalarin iki tanesinden alinan sonuglari géstermektedir. Bu fabri-
kalarin disinda acik havada yapilan testlerde saptanan sedimentasyon hizlari distik olup (erisilen
maksimum 340 KOU/dm./saat'tir) test siiresi boyunca énemli dalgalanma gostermemistir. Fabrika
calismadigi surece fabrika icinde yapilan 6lgcmelerde elde edilen sedimentasyon hizlan fabrika di-
sinda bulunan sedimentasyon hizlarindan ¢ok farkli degildir.

Fabrika ici sedimentasyon hizlarinin’en bariz ézelligi bunlarin fabrikanin ¢calismaya baslama-
si ile baslangictaki alcak degerden artma gostermeleri ve fabrika calistigr stirece yuksek kalmalari-
dir. Ogle tatili sirasinda ve ginliik Gretimin sona ermesinden sonra bu degerler Gretimin baslangi-
cindan onceki diizey yakinina donmektedirler.

Sekil-2 diger iki fabrikadan alinan sonuglari géstermektedir. Sonugclar fabrika icinde isin bas-
lamasiyla gérilen artmalar bakimindan Sekil-lI'dekine benzemektedir. Ancak sonuclar asagidaki
sekilde farklilik gostermektedir:

* Orman Fakultesi Atolyesi yapi i¢i sedimentasyon hizi fabrika ¢alismaz durumda iken de
fabrika disinda acik havada bulunanlardan yuksektir. Fabrikanin ¢alismasi ile bu degerler
1587 KOU/dm2saat diizeyine kadar ulagip diger fabrikalarda bulunan sedimentasyon hiz-
larinin ¢ok Ustiine ¢ikmistir.

* Eczacibasi Fabrikasi'nda tretim yapilmayan sirelerde bulunan fabrika ici degerleri diger
fabrikalarda bulunan degerlerin asagisinda kalmistir. Bu durum fabrikanin dretime gegmesi
hali icin de dogrudur. Fabrika ici degerleri, saat 16.00'da yapilan dlgme harig, fabrika disi
degerlerinden de kuguktir.

Bu fabrikanin diger fabrikalaidan baska bir farki da fabrika ici degerleri ile fabrika disi de-
gerlerinin iliskili gibi gérinmeleridir. Bu belki fabrika icinde olusturulan partikillerin ha-
valandirma sistemi yolu ile disari atilmalari sonucudur.

Fabrika disi sedimentasyon hizlan genellikle agik havada elde edilen sedimentasyon hizlan
civarinda bulunmustur (UNLIGIL/SHIH/SHIELDS 1974; UNLITGIL/SHIRLIFFE 1988). Kapal
yerler icin énerilen degerler (ACGIH 1987; UNLIGIL 1989) géz 6niinde tutulunca test uygulanan
dort fabrikadan sadece bir tanesinin, hi¢bir partikill toplama ve havalandirma sistemi bulunmayan
Fakilte Atdlyesinin, bir problem olusturabilecegi anlasiilmaktadir. Sunulan bulgulara dayanarak
bu atélyede tamamlayici mikrobik aerosol testleri yapilmali, benzer sonuclar alinmasi halinde ise,
atolye ici hava kalitesinin yikseltilmesi i¢in uygun énlemler alinmalidir.
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Turkiyede odun isleyen endistrinin durumu hakkindaki bilgiyi artirmak icin, mikrobik hava
kirliliginin test uygulanan fabrikalardan daha yiiksek olmasi beklenen fabrikalarin ve/veya fabrika
is merkezlerinin arastirma kapsamina alinmalari gerekir. Bu gibi yerler arasinda fabrikalarin yonga
lretilen veya yonga isleyen kisimlari ile, uygulanan kurutma programina gdre, bazi mantarlar igin
optimum yetisme sartlarinin olustugu kurutma firinlari vardir.

Bu calismanin agik hava mantar sporu konsantrasyonunun yiksek oldugu yaz ve gliz aylarin-
da da yapilarak, genisletilmesi énerilir.

Sunulan bu ¢alisma hava basinci ile alisan modern partikiil toplama aletlerinin ve havalandir-
ma sistemlerinin odun endistrisinde mikrobik hava kirleticilerini de 6nemli derecede azaltabildigi-
ni ortaya koymustur.
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Sekil 1:  Yasam yetenegindeki mikrobik partikiillerin (Koloni Olusturan Uniteler) sedimentasyon hizlan, a) 5
Mayis 1993 giini SEM Parke Fabrikasi, b) 16 Subat 1993 glinu Saray Mobilya Fabrikasi. Degerler
ayni anda ekspoze olmus dort Petri kabindan elde edilen ortalamalardir.

Fig. 1: Sedimentation rates of viable mierobial particlcs (Colony Forming Units) measured on 5 May, 1993,

at the SEM Parquet Factory (a), and on 16 February 1993, at llie Saray Fumiture Faclory. Tiie values
are means from four Petri-plates.
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Yasam yetenegindeki mikrobik partikiillerin (Koloni Olusturan Uniteler) sedimentasyon hizlan: a) 5
Ocak 1993 giinii istanbul Universitesi Orman Fakiltesi Atdlyesi, b) 14 Nisan 1993 giinii Eczacibas!
Fabrikasi. Degerler ayni anda ekspoze olmus dort Petri kabindan elde edilen ortalamalardir.
Sedimentation rates of viable microbial particles measured on the 5th of January, 1993. at the fumi-
ture production facility of the Faculty of Forestry, Univcrsty of istanbul, in Bahgekéy (a), and on the
14th of April, 1993. at the Eczacbasl Factory, a modem kitchen fumiture manufacturing facility. The
values are niacns from 4 Petri-plates exposed simultaneously.
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Abstracl

Four furniture factories near istanbul, Turkey, \vere examined for the vi-
able microbial load of air by exposing Petri-plates containing malt-agar medi-
um.

Gencrally, the sedimentation rate, measured in number of Colony For-
ming Units (CFU/dm2h), increased \vith the start of operation of the machi-
nery. .-

In one of the factories, a modern facility equipped \vith a pneumatic partic-
le collection and air cleaning system, the microbial load of air remained extre-
mely low (average of 4 readings was 160 CFU/dm2/h) and belo\v that measu-
red simultaneously outdoors.

Indoor levels in the other three factories were higher than those measu-
red outdoors during operation time. The sedimentation rate was highest in one
of them which was not equipped with partide collecting and aeration systems,

reaching a maximum of 1587 CFU/dnr/h (average of 4 readings was -1300
CFU/dm2h).

1. INTRODUCTION

Microbial conlaminants of indoor air in wood processing plants are of special significance to
the health of workers and the protection of wooden materials being processed. (BERKOW 1987;
FLECHSIG / NEDO 1990; LUND / LUNDSTROM / WERNER 1993; SCHEFFER 1973; SO-
RENSEN/SIMPSON / DUTKIEWICZ 1991). Concentration of sucli contaminants may reach ext-
remely high levels in areas such as chip-liandling or timber-drying (HALLENBRAND / READE
1992; HENNINGSSON 1979; KOTIMAA 1990), thus constituting a risk of allergy or infection for
the vvorkers, as well as initiating fungal stain and decay in the timbers being processed, resulting in
Financial losses.
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The objective of the preseni investigation \vas to collect inital intermation on the microbial
load of indoor air in saveral forest products plants operating near istanbul, Turkey, in order to pro-
vide a basis for folovv-up examinations and eventually, for the development of air quality guideli-
nes for this industry. The results demonstrate major differences betvveen the factories, and suggest,
that significant improvements can be acliieved by using proper partide collecting and aeration
equipment.

2. MATERIALS AND METHODS

For the assesment of the microbial load of air, a sedimentation teclinique, the Petri-plate ex-
posure test, was applied, rather than one of the volumetric tests, whicli vvould require equipment
such as Andersen (cascade) or Biotest sampiers. The reasons were tlie suitability of the technique
- fungal propagulae settle on the timber mainly by sedimentation-, its simplicity, as well as the
availability of the equipmenl.

Glass Petri-plates of 90 mm diameter vvere used. Eacli plate received about 30 cms medium,
i.e. 2 % malt-agar, prepared less than one week before exposure. Malt-agar is generally recognized
as a proper medium for saprophytic, facultatively parasitic, or allergenic fungi inhabiting vvood or
vvooden materials.

Eacli series of exposures began in the morning before the start of tlie operation of the factory
and continued until after the end of the vvork-Tle'duration of eacli exposure was 5 or 10 niin de-
pendiiig on the expected concentration of the propagulae. For eacli value given in the figures, 4
plates vvere exposed simultaneously at about 0.5 to 1.0 m. above tlie ground. indoor exposures we-
re done in areas expected to represent the general conditions of tlie buildings. Outdoor exposures
vvere done at 20-30 m distance from the factory buildings. The exact time of eacli exposure is gi-
ven in the figures.

The exposed plates vvere incubated at about 25°C in the dark. Colony counts continued until
the ¢ th day after exposure. Most of tlie colonies abserved vvere formed by fungi belonging to the
ubiquitous genera of PeniciUium, Alternaria, Cladosporium, Alireobasidinim. No attempt wvas
made to identify colonies at tlie species level, or to ascertain the composition of the microbial flora
encoulitered.

3. FACTORIES INVESTIGATED

SEM-Parquet-Factory. This factory has 21 vvorkers, a production capacity of 5000-6000
nr/montii, and 2000 m2 floor space. It has no aeration system. Some of the vwood vvorking niachi-
nery are provided witl pneumatic partide collecting equipment.

Saray Furniture Factory. This factory has 25 vvorkers, a production capacity of 10.000
irr/montli (modular unils), and 650 m. floor space. It is equipped wvith statiotiary and mobile,
pneumatic partide collecting systems produced in Turkey. Tlie only aeration is provided occa-
tionally through the ravv-material entrance.
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Furniture Factory-Joinery of the Faculty of Forestry, Univcrsity istanbul. This facility
lias 20 workers, 1000 m2month joinery, 300-400 m2/inonth furniture production capacity, and 900
m: floor space. It contains no partide colecting and no aeration equipment.

Eczacibasi Kitchen and Bathroom Furniture Factory (INTEMA). This factory has 60
workers, 3000 m2/month production capacity, 3500 m: floor space. This is the most modern fac-
tory examined. It is equipped with modern aerasion systems with sack-type filters, and pneumatic
partide collection systems produced in Turkey according to the German Standards.

Figure 12>shows results obtained from two factories. Outdoor sedimentation rates on thes
factories were low, reacliing a maximum of 340 CFU/dm:/h, showing no major fluctuations thro-
ugliout the examination period. Indoor rates during vvork stoppage were in the range of those out-
doors. The most conspicuous characteristic of the indoor rates was, that they increased in both of
the factories from the start of the operation, from an initial low, and remailied so, as long as the
operation continued. During lunch break, and after termination of daily operations, the indoor va-
lues returned to the level measured before the initiation of operation.

Figure-2 sliows the results from the otlier two factories wlicl were similar to those shown in
Figure-1, as far as the rate increases observed indoors during the operation of the factories are con-
cerned. However, the results differed from thern as follows: In the facility of the Faculty of Fo-
restry (above), the indoor rates were liigher than those measured outdoors while the factory was
not in operation, and it reaclied, wlen in operation, levels up to 1587 CFU/dm.2/li, much higher
than tliose measured in the otlier three factories investigated.

In the factory of Eczacibasi the indoor rates were lower than those obtained from the otlier
factories investigated when not in operation, and remained so during tlie operation period. The in-
door rates were also lower than those measured outdoors simultaneously at this factory except for
the measurements made at 16.00 fir. One other peculiarity of this factory was apparent correlation
betvveen indoor and outdoor rates vvhich was absent in other factories. This was perhiaps the result
of emission of particles generated during the operation of the macliinery to the immediate viciity
of tlie factory.

4. CONCLUSIONS

Outdoor sedimentation rates measured in this study in a period from the 5th of January to tlie
15th of May, 1993, are in the same range observed in many other investigations (UNLIGIL/
SHIH / SHIELDS 1974; UNLIGIL / SHIRTLIFFE 1988).

indoor retas revealed that only one of the four factories studied, that of the Faculty of Fo-
restry, witl no partide collection and aeration systems, may constitute a problem, considering the
air quality guidelines suggested for indoor environment (ACGIH, 1987; UNLIGIL, 1988). Based
on the results presented, it appears to be necessary to further investigate this facility and provide
the proper systems to improve the air quality in the building if present results are confirmed.

2) For Figures seo preceding Turkish Text.
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To increase tlie Information available on the conditions of the woodworking industry in Tur-
key, tilis initial investigation should be extended to specific factories or specific areas in the facto-
ries, wliere microbial air pollution is expected to be higher tlhian those examined in this study. Such
areas include sections of the factories vvliere vvood particles are produced or handled, and wood se-
asoning kiliis, where, depending on tlie schedule, optimum conditions may prevail for the excessi-
ve grovvth of inoulds.

Complementary investigations are also required to reveal the conditions of the factories stu-
died during the summer and fail montlis, when the fuiigal spore concentration in outdoor air is ex-
pected to be higher.

The study presented demonstrates that the modern pneumatic partide collection equipment
on the machinery and aeration systems in the buildings can lielp significantly reduce microbial air
contaminiation as \vell in the wood vvorking industry.
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