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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 × 103 cfu/m3, range 3.3–27.5 × 103 cfu/m3) was
significantly higher (p < 0.01) compared to microbial concentration in the facility using
fibre- and chipboards (mean 3.6 × 103 cfu/m3, range 1.9–6.2 × 103 cfu/m3). On average,
the commonest microorganisms in the air of the furniture factories were corynebacteria
(Corynebacterium spp., Arthrobacter spp., Brevibacterium spp.) which formed 18.150.0% of the total airborne microflora, and fungi (mostly Aspergillus spp., Penicillium
spp., Absidia spp. 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.
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INTRODUCTION
It was demonstrated that workers in the furniture
industry show an increased risk of work-related
respiratory symptoms, bronchial hyperresponsiveness and
lung function impairment [3, 6, 24, 40, 46, 53, 54] which
may be due to exposure to adverse biological factors
(wood dust and associated microorganisms) and
chemicals (dyes, varnishes, solvents) [3, 9, 23, 53]. So far,
little is known about possible health effects of
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microorganisms associated with wood on the workers of
furniture factories. It is known that bacteria and fungi may
develop in timber logs stored in the forest and in lumber
yards [15, 33, 45], or on chopped wood (chips, planks)
stored and/or kiln dried in wood processing facilities in
conditions favouring microbial growth [21, 39, 44].
During wood processing, microorganims are released into
the air and high concentrations of airborne bacteria, fungi
and bacterial endotoxin may occur inside sawmills [2, 10,
13, 17, 21, 36, 37], and inside factories producing wood
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pulp, fibreboards and chipboards [2, 19, 36, 37]. Airborne
microorganisms were identified as a cause of
occupational pulmonary disease (allergic alveolitis,
asthma, organic dust toxic syndrome) in the woodworkers
exposed to large quantities of wood dust [5, 14, 20, 21,
22, 30, 39, 44, 54].
Until recently, only a few studies have been conducted
on the exposure of furniture industry workers to
microorganisms [1, 3, 40, 56]. Al Zuhair et al. [3] found
in 2 English furniture factories microbial concentrations
averaging between 5.3 × 102–2.2 × 103 cfu/m3, with prevalence
of fungi (62% of total microbial count) in one factory and
of Gram-negative bacteria (53%) in the other factory.
Abdel Hameed et al. [1] recorded in 2 Egyptian workshops
producing furniture, concentrations of bacteria, actinomycetes
and fungi ranging from 3.1 × 103–3.5 × 104 cfu/m3, 0–
8.2 × 103 cfu/m3, and 8.0 × 101–3.5 × 103 cfu/m3, respectively.
Gram-positive bacteria (cocci, spore-forming bacilli) distinctly
prevailed among bacteria forming 93% of the total count.
Streptomyces spp. dominated among actinomycetes while
Penicilium spp., Aspergillus spp., Cladosporium spp., and
yeasts were most abundant among fungi. A number of
bacterial and fungal species isolated by these authors
possess potential allergenic and/or immunotoxic properties.
Wilhelmsson et al. [56] found at 11 out of 12
measurement sites in 6 Swedish wood furniture factories,
concentrations of filamentous fungi between 1.7 × 102–
1.9 × 104 cfu/m3, similar to those recorded by the abovementioned authors. At one site, the concentration of fungi
was much greater, equal to 6.5 × 105 cfu/m3. The
potentially allergenic fungi Paecilomyces spp. prevailed
in the air of the examined factories. The concentration of
airborne bacterial endotoxin inside these factories ranged
from 0.0012–0.35 µg/m3. Petretskii et al. [40] examined
settled dust in Ukrainian furniture factories with a high
prevalence of respiratory diseases among workers and
found the presence of potentially pathogenic bacterial and
fungal species.
The aim of the present work was to study the
concentration and species composition of the microflora
of air of 2 Polish furniture factories which differed in the
kind of material used for furniture production.
MATERIALS AND METHODS
Examined facilities. Air sampling was performed in 2
furniture factories located in eastern Poland on the
territory of Lublin Province. In the factory marked “A”
furniture was made from fibreboards and chipboards,
while in the factory marked “B” it was made from beech
wood. Despite different materials used for making
furniture, the production process in both factories was
similar and comprised 4 basic departments, described as:
initial processing, board processing, varnishing and
assembly.
In the initial processing departments of factories “A”
and “B”, large fibre- and chipboards or beech planks were

first sawed into battens, then into small boards which
were trimmed and sanded. In the board processing
department of factory “A”, the boards were coated with
veneer, and in both factories the boards were precisely
formatted by repeated trimming, planing and sanding. The
boards were then painted with polyester or nitric
varnishes in the varnishing department and put together
into ready furniture in the assembly department.
In furniture factory “A”, the air samples were taken in
the sequence of production cycle at the following 5 sites,
marked A1-A5:  sawing chipboards into battens with
circular saw (A1);  sawing battens into small boards with
machine “Steton” (A2);  machine sanding of fibreboards
(A3);  trimming of veneered chipboards with a machine
(A4);  sanding of veneered chipboards with a machine
(A5).
In furniture factory “B”, the samples were taken at the
following 5 sites, marked B1-B5:  frame sawing of
beech planks into battens (B1);  trimming of beech
battens with a sawing machine (B2);  four-side planing
of beech battens with a machine (B3);  manual planing
of beech battens (B4);  sanding of beech battens with a
machine (B5).
Sites A1-A3 and B1-B3 belonged to the initial
processing departments, while sites A4-A5 and B4-B5
belonged to the board processing departments. All
samples were taken indoors.
Microbiological examination of the air. The examination
was performed as previously described [17, 19]. Air
samples were taken in furniture factories with a customdesigned particle-sizing slit sampler [11] enabling
estimations of both total and respirable fractions of the
microbial aerosol. Each air sample was a duplicate, taken
at a flow rate of 20 l/min. It consisted of 2 parallelly
exposed agar plates: one “a” sampled directly for all
organisms and used for the estimation of the total
concentration of cfu per m3; and the other “b” sampled
through a pre-selector for the respirable fraction. The
value of respirable fraction was expressed as a percent
(%) of the total count.
At each sampling site, a series of 5 double samples
were taken on each of the following agar media: blood
agar for total mesophilic Gram-negative and Grampositive bacteria, half-strength tryptic soya agar for
thermophilic actinomycetes, and malt agar for fungi. The
blood agar plates were subsequently incubated for 1 day
at 37ºC, then 3 days at 22ºC and finally 3 days at 4ºC. The
malt agar plates were subsequently incubated for 4 days at
30ºC and 4 days at 22ºC [12]. The prolonged incubation
at lower temperatures was aimed at isolating as wide a
spectrum of bacteria and fungi as possible. The tryptic
soya agar plates were incubated for 5 days at 55ºC. The
grown colonies were counted and differentiated and the
data reported as cfu per 1 cubic meter of air (cfu/m3). The
total concentration of microorganisms in the air was
obtained by the addition of the concentrations of total
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mesophilic bacteria, thermophilic actinomycetes and
fungi. The percent composition of the total microflora of
the air was then determined.
Bacterial isolates were identified with microscopic and
biochemical methods, as recommended by Bergey's
Manual [26, 50, 57] and Cowan & Steel [8]. Additionally,
the selected isolates were identified with microtests: API
Systems 20E and NE (bioMérieux, Marcy l’Etoile,
France) and BIOLOG System (Biolog, Inc., Hayward,
CA, USA). Fungi were classified by microscopic
methods, according to Barron [4], Larone [32], Litvinov
[34], Ramirez [42], and Raper & Fennell [43].
The study was performed in the greater part in the years
1987-1989 and continued in the years 1998-2001.
Preliminary results of this work have been reported
elsewhere [28].
RESULTS
The concentration of total microorganisms in the air of
the facility using beech wood for furniture production
(mean 10.7 × 103 cfu/m3, range 3.3–27.5 × 103 cfu/m3)
was significantly higher (p < 0.01) compared to microbial
concentration in the facility using fibre- and chipboards
(mean 3.6 × 103 cfu/m3, range 1.9–6.2 × 103 cfu/m3) (Tab.
1). Significant differences between these 2 facilities were
noted, also with regard to particular components of
airborne microflora: mesophilic bacteria (p < 0.01),
thermophilic actinomycetes (p < 0.05), and fungi

(p < 0.01) (Tab. 1). In both factories, the largest
concentrations of airborne microorganisms were noted at
the beginning of the production cycle, at first sawing of
boards or planks.
Corynebacteria (Corynebacterium spp., Arthrobacter
spp., Brevibacterium spp.) were the most common
microorganisms in the air of both furniture factories,
forming 31.9–50.0% of the total airborne microflora in
factory “A” and 18.1–41.9% of the total count in factory
“B” (Fig. 1). In factory “A”, they were followed by a
group described as “other mesophilic bacteria” which
consisted mostly of cocci (Staphylococcus spp.,
Micrococcus spp.) and formed 17.5–51.1% of the total
count. By contrast, in factory “B” the second group to
corynebacteria were fungi which constituted 16.9–54.4%
of the total airborne microflora. In factory “A” fungi
formed 5.8–35.9% of the total count. Penicillium spp.,
Aspergillus spp., Absidia spp., and yeasts (Rhodotorula
spp., Candida spp.) were the most common fungi in the
air of the examined furniture factories.
The proportion of Gram-negative bacteria was very
small in factory “A” (0–6.2% of the total) and greater in
factory “B” (1.8–20.6% of the total). A relatively large
concentration of Gram-negative bacteria, mostly
identified as Rahnella spp., was found at the first sawing
of beech planks (5.7 × 103 cfu/m3, 20.6% of the total
airborne microflora). The proportions of spore-forming
bacilli and thermophilic actinomycetes were low in both
factories (Fig. 1).

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

Mesophilic
bacteria

Thermophilic
actinomycetes

Fungi

Total
microorganisms

Concentration Rf Concentration Rf Concentration Rf Concentration Rf
(mean ± S.D., (%) (mean ± S.D., (%) (mean ± S.D., (%) (mean ± S.D., (%)
cfu/m3 × 103)
cfu/m3 × 103)
cfu/m3 × 103)
cfu/m3 × 103)
Factory “A”
A1. 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 13.5

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 37.5

A4. Trimming of veneered chipboards with a machine

2.8 ± 1.1 23.4

0.1 ± 0.1

100

0.2 ± 0.2

0

3.1 ± 1.4 27.2

A5. Sanding of veneered chipboards with a machine

2.5 ± 1.7 14.3

0.2 ± 0.2 50.0

0.3 ± 0.2

0

3.0 ± 1.9 15.0

Mean

2.8 ± 1.3 33.3

0.2 ± 0.2 40.0

0.7 ± 1.6

2.7

3.6 ± 2.5 30.9

16.9 ± 7.5 35.5

0.2 ± 0.1 50.0

10.4 ± 6.8 23.7

27.5 ± 11.2 31.1

Factory “B”
B1. Frame sawing of beech planks into battens
B2. Trimming of beech battens with a sawing machine

7.7 ± 1.4 60.2

0.5 ± 0.3 37.5

1.6 ± 0.6 18.5

9.8 ± 1.4 52.2

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 ± 1.6 75.4

0.3 ± 0.2

0

4.8 ± 1.3 51.9

9.0 ± 2.8 62.4

B5. Sanding of beech battens with a machine

2.3 ± 1.1 41.1

0.2 ± 0.2

0

0.8 ± 0.3 15.4

3.3 ± 1.1 32.1

0.3 ± 0.2* 37.5

3.7 ± 4.2** 29.2

10.7 ± 9.9** 43.7

Mean

6.8 ± 6.3** 50.4

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

Figure 1. Composition of airborne microflora in furniture factories (total
count, including mesophilic bacteria, thermophilic actinomycetes and fungi).

The values of the respirable fraction of airborne
microflora in the furniture factories “A” and “B” varied
within a fairly wide range, respectively between 15.0–
39.8% and 31.1–62.4%. At all sampling sites, the values
of respirable fraction were greater for bacteria than for
fungi.
In the air samples taken in the examined furniture
factories, 28 species or genera of bacteria and 12 species
or genera of fungi were identified, of these, respectively 8
and 7 species or genera were reported as having allergenic
and/or immunotoxic properties [14, 16, 20, 25, 29, 30, 38]
(Tab. 2). These figures are certainly underestimated, as a
number of bacterial and fungal strains could be identified
only to the generic level.

The concentrations of airborne microorganisms in the
examined furniture factories ranged from 1.9 × 103–2.75
× 104 cfu/m3 and conformed to the values of the order
102–104 cfu/m3, 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 10 × 103 cfu/m3 for
total airborne microorganisms proposed by Malmros et al.
[35] was exceeded at only 1 sampling site out of 10
examined, while the OEL value proposed for this
component E\ 'XWNLHZLF] DQG -DEáRVNL  × 103
cfu/m3) [14] was never exceeded. Similarly, the
concentration of Gram-negative bacteria (recovered on
blood agar plates among other mesophilic bacteria)
exceeded at only one site the OEL value of 1 × 103 cfu/m3
proposed by Clark [7] and Malmros et al. [35], while the
OEL value of 20 × 103 cfu/m3 proposed for these bacteria
E\ 'XWNLHZLF] DQG -DEáRVNL >@ ZDV QHYHU H[FHHGHG
7KH 2(/ YDOXHV SURSRVHG E\ 'XWNLHZLF] DQG -DEáRVNL
[14] for thermophilic actinomycetes and fungi
(respectively 20 × 103 cfu/m3 and 50 × 103 cfu/m3) were
not exceeded at any site.
It is noteworthy that concentration of airborne microbes
in the facility using beech wood for furniture production
was significantly higher compared to the facility using
fibre- and chipboards. This may be explained by the fact
that beech planks were provided from a sawmill without
any additional processing, while the production of fibreand chipboards involved the use of high pressure and
temperature which killed most microbes.

Table 2. List of microbial species and genera identified in samples of air from furniture factories.
Gram-negative bacteria: Acinetobacter calcoaceticus*+ (B2-B4), Pseudomonas maltophilia (B1), Pseudomonas marginalis (B1), Pseudomonas
(Stenotrophomonas) boreopolis (B1), Pseudomonas spp. (B1, B4, B5), Rahnella spp.+ (A1, A3-A5, B), Sanguibacter keddieii (B1).
Bacilli: Bacillus licheniformis (B4), Bacillus subtilis* (A5, B4, B5), Bacillus spp. (A1-A3, A5, B).
Corynebacteria: Arthrobacter globiformis* (A, B), Arthrobacter spp. (A, B), Brevibacterium linens* (A, B2, B5), Brevibacterium helvolum (A1A4, B5), Corynebacterium xerosis (A2, B2-B4), Corynebacterium spp. (B1).
Other mesophilic bacteria: Micrococcus roseus (A1, A2, A5), Micrococcus luteus (A, B2-B5), Micrococcus spp. (A3, A4, B), Nocardia spp. (A2,
B4), Rhodococcus spp. (A2, B4), Staphylococcus epidermidis (A1, A2, B1-B3, B5), Staphylococcus spp. (A, B), Streptococcus spp. (A2, A4, A5, B1B4), Streptomyces albus* (A2, B4), Streptomyces spp. (A, B).
Thermophilic actinomycetes: Saccharopolyspora rectivirgula* (synonyms: Faenia rectivirgula, Micropolyspora faeni) (A2), Thermoactinomyces
vulgaris* (A, B).
Fungi: Absidia spp.* (B2-B5), Alternaria alternata*+ (A1, A5, B1), Aspergillus fumigatus*+ (A1, A2, A4, B2-B5), Aspergillus repens (A2, B1,
B5), Candida spp.* (A2, B1, B5), Geotrichum candidum (A3, B1), Monosporium spp. (A4, A5, B3), Mucor spp.* (A1), Paecilomyces spp. (B2, C4),
Penicillium spp.*+ (A1, A2, A5, B1, B5), Rhizopus nigricans * + (B2-B4), Rhodotorula rubra (A2, 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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A rich and diverse microflora may develop in beech
logs stored in lumber yards before processing in sawmills.
3UD*PR et al. [41] found an abundant occurrence of
Gram-negative bacteria in stored beech timber and in the
air of a sawmill processing beech wood, with a distinct
prevalence of Rahnella strains which have been isolated
from over 70% of the total samples. This report
corroborates with the results of the present work
demonstrating abundant occurrence of Rahnella spp. in
the air of a furniture factory during initial sawing of raw
beech planks. Of the Gram-negative bacteria recovered
from the air of furniture factories, Rahnella spp. and
Acinetobacter calcoaceticus are known to possess strong
endotoxic and/or allergenic properties [18, 47, 48, 49].
So far, little is known about the potentially pathogenic
properties of dust-borne corynebacteria which prevailed
among microbial strains isolated from the air of the
examined furniture factories. The cases of allergic
alveolitis caused by Arthrobacter globiformis and
Brevibacterium linens were reported [38] and the
involvement of peptidoglycan produced by these bacteria
in causing organic dust toxic syndrome (ODTS) cannot be
excluded [31].
The concentration of fungi in the factory using beech
wood for producing furniture, on average was 5 times
greater compared to that using fibre- and chipboards.
Although the level of fungal pollution of air in furniture
factories is by 1-3 orders of magnitude lower compared to
those reported from sawmills and other wood processing
facilities [2, 10, 13, 17, 19, 21, 36, 37], the presence of
potentially pathogenic species poses a risk to the
furniture-producing workers. Of the fungi commonly
occurring in the air of furniture factories, Aspergillus
fumigatus, Penicillium spp. and Absidia spp. possess
allergenic and immunotoxic properties and are known risk
factors of occupational respiratory disease [20, 27, 29, 30,
39, 55]. Sorenson et al. have demonstrated that yeasts are
common contaminants of stored wood [51] and pose a
potential risk of organic dust toxic syndrome in exposed
woodworkers [52].
CONCLUSIONS
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.
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