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Abstract: Microbiological air sampling was performed in 2 furniture factories located

in eastern Poland. In one factory furniture were made from fibreboards and chipboards
while in the other from beech wood. It was found that the concentration of total
microorganisms (bacteria + fungi) in the air of the facility using beech wood for
furniture production (mean 10.7 x°I€fu/n?, range 3.3-27.5 x $6fu/nt) was
significantly higher (p < 0.01) compared to microbial concentration in the facility using
fibre- and chipboards (mean 3.6 > &fu/n?, range 1.9-6.2 x #@fu/n?). On average,

the commonest microorganisms in the air of the furniture factories were corynebacteria
(Corynebacteriunspp., Arthrobacter spp., Brevibacteriumspp.) which formed 18.1-
50.0% of the total airborne microflora, and fungi (mogtgpergillusspp.,Penicillium
spp.,Absidiaspp. and yeasts) which formed 6.2-54.4% of the total count. The values of
the respirable fraction of airborne microflora in the furniture factories varied within
fairly wide limits and were between 15.0-62.4%. Altogether, 28 species or genera of
bacteria and 12 species or genera of fungi were identified in the air of examined
factories, of which respectively 8 and 7 species or genera were reported as having
allergenic and/or immunotoxic properties. In conclusion, the workers of furniture
factories are exposed to relatively low concentrations of airborne microorganisms which
do not exceed the suggested occupational exposure limits. Nevertheless, the presence of
allergenic and/or immunotoxic microbial species in the air of factories poses a potential
risk of respiratory disease, in particular in sensitive workers.

Address for correspondence: Ewa Krysinska-Traczyk, PhD, Department of
Occupational Biohazards, Institute of Agricultural Medicine, Jaczewskiego 2, 20-090
Lublin, Poland. E-mail: ekt@galen.imw.lublin.pl

Key words: furniture factories, occupational exposure, wood dust, bioaerosols,
bacteria, fungi.

INTRODUCTION microorganisms associated with wood on the workers of

furniture factories. It is known that bacteria and fungi may

It was demonstrated that workers in the furniturdevelop in timber logs stored in the forest and in lumber

industry show an increased risk of work-relategards [15, 33, 45], or on chopped wood (chips, planks)
respiratory symptoms, bronchial hyperresponsiveness astdred and/or kiln dried in wood processing facilities in
lung function impairment [3, 6, 24, 40, 46, 53, 54] whicktonditions favouring microbial growth [21, 39, 44].

may be due to exposure to adverse biological factosiring wood processing, microorganims are released into

(wood dust and associated microorganisms) arnbe air and high concentrations of airborne bacteria, fungi

chemicals (dyes, varnishes, solvents) [3, 9, 23, 53]. So fand bacterial endotoxin may occur inside sawmills [2, 10,

litle is known about possible health effects ofl3, 17, 21, 36, 37], and inside factories producing wood
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pulp, fibreboards and chipboards [2, 19, 36, 37]. Airbornirst sawed into battens, then into small boards which
microorganisms were identified as a cause ofere trimmed and sanded. In the board processing
occupational pulmonary disease (allergic alveolitigjepartment of factory “A”, the boards were coated with
asthma, organic dust toxic syndrome) in the woodworkeveneer, and in both factories the boards were precisely
exposed to large quantities of wood dust [5, 14, 20, 2formatted by repeated trimming, planing and sanding. The
22, 30, 39, 44, 54]. boards were then painted with polyester or nitric
Until recently, only a few studies have been conductedrnishes in the varnishing department and put together
on the exposure of furniture industry workers tdanto ready furniture in the assembly department.
microorganisms [1, 3, 40, 56]. Al Zuhadt al. [3] found In furniture factory “A”, the air samples were taken in
in 2 English furniture factories microbial concentrationghe sequence of production cycle at the following 5 sites,
averaging between 5.3 x?40.2 x 16cfu/n?, with prevalence marked A1-A5:e sawing chipboards into battens with
of fungi (62% of total microbial count) in one factory anctircular saw (Al)» sawing battens into small boards with
of Gram-negative bacteria (53%) in the other factorynachine “Steton” (A2)s machine sanding of fibreboards
Abdel Hameedbt al.[1] recorded in 2 Egyptian workshops(A3); e trimming of veneered chipboards with a machine
producing furniture, concentrations of bacteria, actinomycet@4); « sanding of veneered chipboards with a machine
and fungi ranging from 3.1 x 3@.5 x 16 cfu/m®, 0- (A5).
8.2 x 1Gcfu/n?, and 8.0 x 19-3.5 x 18 cfu/nt, respectively.  In furniture factory “B”, the samples were taken at the
Gram-positive bacteria (cocci, spore-forming bacilli) distinctifollowing 5 sites, marked B1-B5s frame sawing of
prevailed among bacteria forming 93% of the total courtbeech planks into battens (Bls;trimming of beech
Streptomycespp. dominated among actinomycetes whilbattens with a sawing machine (B3)four-side planing
Peniciliumspp.,Aspergillusspp.,Cladosporiunmspp., and of beech battens with a machine (B&)nanual planing
yeasts were most abundant among fungi. A number of beech battens (B4, sanding of beech battens with a
bacterial and fungal species isolated by these authonschine (B5).
possess potential allergenic and/or immunotoxic properties.Sites A1-A3 and B1-B3 belonged to the initial
Wilhelmsson et al. [56] found at 11 out of 12 processing departments, while sites A4-A5 and B4-B5
measurement sites in 6 Swedish wood furniture factoridsgelonged to the board processing departments. All
concentrations of filamentous fungi between 1.7 %-10 samples were taken indoors.
1.9 x 10 cfu/n?, similar to those recorded by the above-
mentioned authors. At one site, the concentration of fungi Microbiological examination of the air. The examination
was much greater, equal to 6.5xXdd/m®. The was performed as previously described [17, 19]. Air
potentially allergenic fungPaecilomycespp. prevailed samples were taken in furniture factories with a custom-
in the air of the examined factories. The concentration désigned particle-sizing slit sampler [11] enabling
airborne bacterial endotoxin inside these factories rangestimations of both total and respirable fractions of the
from 0.0012—0.35 pg/in Petretskiiet al. [40] examined microbial aerosol. Each air sample was a duplicate, taken
settled dust in Ukrainian furniture factories with a higlat a flow rate of 20 I/min. It consisted of 2 parallelly
prevalence of respiratory diseases among workers agxposed agar plates: one “a” sampled directly for all
found the presence of potentially pathogenic bacterial andganisms and used for the estimation of the total
fungal species. concentration of cfu per Inand the other “b” sampled
The aim of the present work was to study théhrough a pre-selector for the respirable fraction. The
concentration and species composition of the microfloralue of respirable fraction was expressed as a percent
of air of 2 Polish furniture factories which differed in thg%) of the total count.

kind of material used for furniture production. At each sampling site, a series of 5 double samples
were taken on each of the following agar media: blood
MATERIALS AND METHODS agar for total mesophilic Gram-negative and Gram-

positive bacteria, half-strength tryptic soya agar for
Examined facilities. Air sampling was performed in 2 thermophilic actinomycetes, and malt agar for fungi. The
furniture factories located in eastern Poland on tH#ood agar plates were subsequently incubated for 1 day
territory of Lublin Province. In the factory marked “A” at 37°C, then 3 days at 22°C and finally 3 days at 4°C. The
furniture was made from fibreboards and chipboardmalt agar plates were subsequently incubated for 4 days at
while in the factory marked “B” it was made from beecl80°C and 4 days at 22°C [12]. The prolonged incubation
wood. Despite different materials used for makingt lower temperatures was aimed at isolating as wide a
furniture, the production process in both factories waspectrum of bacteria and fungi as possible. The tryptic
similar and comprised 4 basic departments, described sgya agar plates were incubated for 5 days at 55°C. The
initial processing, board processing, varnishing angrown colonies were counted and differentiated and the
assembly. data reported as cfu per 1 cubic meter of air (hu/fihe
In the initial processing departments of factories “A'total concentration of microorganisms in the air was
and “B”, large fibre- and chipboards or beech planks wenbtained by the addition of the concentrations of total
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mesophilic bacteria, thermophilic actinomycetes ang@ <0.01) (Tab.1). In both factories, the largest
fungi. The percent composition of the total microflora o€oncentrations of airborne microorganisms were noted at
the air was then determined. the beginning of the production cycle, at first sawing of
Bacterial isolates were identified with microscopic anthoards or planks.
biochemical methods, as recommended by Bergey'sCorynebacteria Gorynebacteriumspp., Arthrobacter
Manual [26, 50, 57] and Cowan & Steel [8]. Additionally,spp., Brevibacterium spp.) were the most common
the selected isolates were identified with microtests: ARhicroorganisms in the air of both furniture factories,
Systems 20E and NE (bioMérieux, Marcy [I'Etoileforming 31.9-50.0% of the total airborne microflora in
France) and BIOLOG System (Biolog, Inc., Haywardfactory “A” and 18.1-41.9% of the total count in factory
CA, USA). Fungi were classified by microscopic'B” (Fig. 1). In factory “A”, they were followed by a
methods, according to Barron [4], Larone [32], Litvino\group described as “other mesophilic bacteria” which
[34], Ramirez [42], and Raper & Fennell [43]. consisted mostly of cocci Staphylococcus spp.,
The study was performed in the greater part in the yedwkicrococcusspp.) and formed 17.5-51.1% of the total
1987-1989 and continued in the years 1998-200tount. By contrast, in factory “B” the second group to
Preliminary results of this work have been reportedorynebacteria were fungi which constituted 16.9-54.4%
elsewhere [28]. of the total airborne microflora. In factory “A” fungi
formed 5.8-35.9% of the total courRenicillium spp.,
RESULTS Aspergillusspp., Absidia spp., and yeastRbodotorula
spp., Candidaspp.) were the most common fungi in the
The concentration of total microorganisms in the air ddir of the examined furniture factories.
the facility using beech wood for furniture production The proportion of Gram-negative bacteria was very
(mean 10.% 1Ccfu/m®, range 3.3-27.8 10°cfu/m®) small in factory “A” (0-6.2% of the total) and greater in
was significantly higher (p < 0.01) compared to microbidhctory “B” (1.8-20.6% of the total). A relatively large
concentration in the facility using fibre- and chipboardsoncentration of Gram-negative bacteria, mostly
(mean 3.6< 10°cfu/n?, range 1.9-6.& 10°cfu/n?) (Tab. identified asRahnellaspp., was found at the first sawing
1). Significant differences between these 2 facilities we@f beech planks (5% 10°cfu/m®, 20.6% of the total
noted, also with regard to particular components @firborne microflora). The proportions of spore-forming
airborne microflora: mesophilic bacteria (p < 0.01)bacilli and thermophilic actinomycetes were low in both
thermophilic actinomycetes (p <0.05), and fungiactories (Fig. 1).

Table 1.Microorganisms in the air of furniture factories “A” and “B”: concentrations and respirable fractions (Rf).

Plant, sampling site Mesophilic Thermophilic Fungi Total
bacteria actinomycetes microorganisms

Concentration Rf  Concentration Rf  Concentration Rf  Concentration Rf
(meant S.D., (%) (meantS.D., (%) (meantS.D., (%) (meantS.D., (%)
cfuln® x 10°) cfuln®x 10°) cfu/n® x 10°) cfulntx 10°)

Factory “A”
Al. Sawing chipboards into battens with circular saw 2.8+0.4 45.8 0.2+ 0.1 50.0 0.6+ 0.3 0 3.6+0.7 39.8
A2. Sawing battens into small boards with machine “Steton” 3.8+ 1.3 53.1 0.2+ 0.3 0 2.2+3.0 135 6.2+ 4.3 34.8

A3. Machine sanding of fiberboards 1.8+ 0.5 30.0 0 0 0.1+0.1 0 1.9+0.6 375
A4. Trimming of veneered chipboards with a machine 2.8+1.1 234 0.1+0.1 100 0.2+ 0.2 0 3.1+14 272
A5. Sanding of veneered chipboards with a machine 25+17 143 0.2+ 0.2 50.0 0.3+0.2 0 3.0+19 150
Mean 2.8+1.3 333 0.2+ 0.2 40.0 0.7+16 2.7 3.6+25 30.9
Factory “B”

B1. Frame sawing of beech planks into battens 16.9+7.5 355 0.2+ 0.1 50.0 10.4+6.8 23.7 275+11.2 31.1
B2. Trimming of beech battens with a sawing machine 7.7+1.4 60.2 0.5+0.3 375 1.6+0.6 185 9.8+1.4 522
B3. Four-side planing of beech battens with a machine 3.0£0.5 40.0 0.1+£0.1 100 0.7+ 0.2 36.4 3.8£0.7 40.8
B4. Manual planing of beech battens 3.9+16 754 0.3£0.2 0 48+1.3 51.9 9.0+2.8 624
B5. Sanding of beech battens with a machine 23+1.1 411 0.2+0.2 0 0.8+0.3 154 33+11 321
Mean 6.8+ 6.3** 50.4 0.3+ 0.2 37.5 3.7+4.2% 29.2 10.7+£9.9* 43.7

*-** concentration significantly greater than in factory “A”; *p < 0.05, **p < 0.01.
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100 ¢ DISCUSSION

The concentrations of airborne microorganisms in the
examined furniture factories ranged from %£.90°-2.75
x 10*cfu/m® and conformed to the values of the order
10—10 cfu/m®, recorded in this environment by other
authors [1, 3, 56]. The level of microbial pollution in
furniture factories is much lower compared to sawmills
and various wood processing facilities [2, 10, 13, 17, 19,
21, 36, 37]. As, so far, there are no internationally
recognized Occupational Exposure Limit (OEL) values
for bioaerosols, the results obtained in the present work
could be compared only to the proposals raised by
particular authors. The OEL value of 2a0°cfu/m® for
total airborne microorganisms proposed by Malnatosl.

M A2 A3 A4 As B1 B2 B3 B BS [35] was exce_eded at only 1 sampling site out of _10
examined, while the OEL value proposed for this
. N _ component by Dutkiewicz and Jabtonski (100 x 10°
® Gram-negative bac. ® Bacilli = Corynebacteria 3 N
0 Other mes. bac. O Th. actinomycetes O Fungi cfu/m) [14] was never exceeded. Slmllarly, the
concentration of Gram-negative bacteria (recovered on
Figure_l.Co_mposition qf airborn_e microflora_i_n furr_1iture factories (tota_lb|00d agar plates among other mesophilic bacteria)
count, including mesophilic bacteria, thermophilic actinomycetes and fungl)éXCee ded at only one site the OEL value sf 1T cfu/m?
proposed by Clark [7] and Malmres al. [35], while the

The values of the respirable fraction of airborn®EL value of 20x 10 cfu/n? proposed for these bacteria
microflora in the furniture factories “A” and “B” varied by Dutkiewicz and Jabtonski [14] was never exceeded.
within a fairly wide range, respectively between 15.0Fhe OEL values proposed by Dutkiewicz and Jabtonski
39.8% and 31.1-62.4%. At all sampling sites, the valugs4] for thermophilic actinomycetes and fungi
of respirable fraction were greater for bacteria than fgrespectively 26« 10°cfu/m® and 50x 10°cfu/m®) were
fungi. not exceeded at any site.

In the air samples taken in the examined furniture It is noteworthy that concentration of airborne microbes
factories, 28 species or genera of bacteria and 12 spedeshe facility using beech wood for furniture production
or genera of fungi were identified, of these, respectively\8as significantly higher compared to the facility using
and 7 species or genera were reported as having allergditice- and chipboards. This may be explained by the fact
and/or immunotoxic properties [14, 16, 20, 25, 29, 30, 38hat beech planks were provided from a sawmill without
(Tab. 2). These figures are certainly underestimated, aarsy additional processing, while the production of fibre-
number of bacterial and fungal strains could be identifiemhd chipboards involved the use of high pressure and
only to the generic level. temperature which killed most microbes.

80 +

60 +

40 1

Percent of total microflora (%)

20 +

Sampling sites

Table 2. List of microbial species and genera identified in samples of air from furniture factories.

Gram-negative bacteria: Acinetobacter calcoacetictis (B2-B4), Pseudomonas maltophili@1), Pseudomonas marginali®1), Pseudomonas
(Stenotrophomonas) boreopo{B1), Pseudomonaspp. (B1, B4, B5)Rahnellaspp.+ (Al, A3-A5, B), Sanguibacter keddiefB1).

Bacilli: Bacillus licheniformigB4), Bacillus subtilist (A5, B4, B5),Bacillusspp. (A1-A3, A5, B).

Corynebacteria: Arthrobacter globiformig (A, B), Arthrobacterspp. (A, B),Brevibacterium linens (A, B2, B5), Brevibacterium helvolunfA1-
A4, B5), Corynebacterium xeros{$\2, B2-B4),Corynebacteriunspp. (B1).

Other mesophilic bacteria: Micrococcusroseus(Al, A2, A5), Micrococcus luteugA, B2-B5), Micrococcusspp. (A3, A4, B)Nocardiaspp. (A2,
B4), Rhodococcuspp. (A2, B4) Staphylococcus epidermidia1, A2, B1-B3, B5) Staphylococcuspp. (A, B),Streptococcuspp. (A2, A4, A5, B1-
B4), Streptomyces albdqA2, B4), Streptomycespp. (A, B).

Thermophilic actinomycetes:Saccharopolyspora rectivirguta(synonyms:Faenia rectivirgula, Micropolyspora faefi(A2), Thermoactinomyces
vulgaris* (A, B).

Fungi: Absidiaspp.* (B2-B5), Alternaria alternata+ (A1, A5, B1),Aspergillus fumigatus+ (Al, A2, A4, B2-B5) Aspergillus repengA2, B1,
B5), Candidaspp* (A2, B1, B5), Geotrichum candidurtA3, B1), Monosporiunspp. (A4, A5, B3)Mucor spp.* (A1), Paecilomycespp. (B2, C4),
Penicillium spp.*+ (A1, A2, A5, B1, B5) Rhizopus nigricans® + (B2-B4), Rhodotorula rubraA2, B1, C3).

Sites of isolation are given in parentheses. Quoting only the letter attributed to a particular factory (“A” or “B”, without numbers) means that the
species was isolated from all sampling sites within the factory. Names of species reported as having allergenic and/or immunotoxic properties (see
text) are in bold and marked as follows: * allergenic species; + immunotoxic species.
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