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Abstract: Microbiological air sampling was performed in one fiberboard factory and
two chipboard factories located in south-eastern Poland. It was found that the levels of
bacteria, fungi, dust and bacterial endotoxin in the air of examined facilities were high
during initial stages of the production cycle (shredding of waste wood, storing of chips)
and then sharply decreased during further stages of this cycle (forming and formatting
of the boards). In the fiberboard factory, the concentration of airborne microorganisms
at the initial stages of production cycle was 71.8–95.2 × 103 cfu/m3 and dropped in
further stages to the level of 8.4–17.5 × 103 cfu/m3. Fungi (mostly Aspergillus fumigatus
and Penicillium spp.) were prevailing microorganisms in the air of the fiberboard
factory, forming 46.0–87.3% of the total airborne microflora. The concentrations of
microorganisms in the air of the chipboard factories were significantly lower compared
to the fiberboard factory (p < 0.05). During initial stages of production cycle they were
within the range of 12.9–101.5 × 103 cfu/m3, while during forming and formatting of
boards within the range of 5.3–12.4 × 103 cfu/m3. On average, the most common
microorganisms in the air of the chipboard factories were corynebacteria (mostly
Arthrobacter spp. and Corynebacterium spp.) which formed 24.4–64.6% of the total
microflora. The values of the respirable fraction of airborne microflora in the fiberboard
and chipboard factories varied within a fairly wide range and were between 20.5–
91.1%. Altogether, 38 species or genera of bacteria and 16 species or genera of fungi
were identified in the air of examined factories, of which respectively 14 and 9 species
or genera were reported as having allergenic and/or immunotoxic properties. The
concentration of bacterial endotoxin in the air of examined factories was greatest,
similarly to the concentration of microorganisms, during the initial stages of the
production cycle: 103.1–1974.0 EU/m3 in the fiberboard factory, and 3.2–217.4 EU/m3
in chipboard factories. In conclusion, the workers of fiberboard and chipboard factories
may be exposed during the initial stages of the production cycle (shredding of waste
wood, storing of chips) to high levels of airborne microorganisms and endotoxin posing
respiratory hazard.
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INTRODUCTION
Workers processing wood are under increased risk of
lung function impairment, bronchial hyperresponsiveness
Received: 3 September 2001
Accepted: 30 November 2001

and respiratory disorders of allergic, immunotoxic and
neoplastic etiology [10, 30, 64]. This is due to the
inhalation of various hazardous components of wood
dust, comprising wood derivatives (e.g. resin acids,
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monoterpenes) and microorganisms developing in wood
[10, 12, 14, 20, 32, 51].
The pollution of the air of wood processing facilities
with microorganisms results from the primary or
secondary infection of timber [20, 29, 58]. The primary
infection, initially with bacteria and then with fungi,
develops in timber logs stored in the forest and in lumber
yards [31, 36, 47, 59]. A study performed in the USA has
shown that the microflora of the apparently undecayed
timber may reach high levels and may contain allergenic
and/or toxic species which pose a potential risk for
woodworkers [22, 63]. Secondary infection of wood
proceeds on chopped wood (chips, planks) which are
stored and/or kiln dried in wood processing facilities in
conditions favoring microbial growth. It is characterized
by an abundant growth of molds and often causes
respiratory illnesses in workers [5, 28, 29, 34, 38, 58, 66].
The workers exposed to wood dust containing
microorganisms and their products may develop allergic
disease (allergic alveolitis, asthma) caused by protein or
glycoprotein allergens produced by bacteria and fungi, or
immunotoxic disease (mostly organic dust toxic
syndrome) caused by biologically potent microbial
substances such as bacterial endotoxins or fungal (1: -D-glucans which induce inflammatory reaction in lungs
[2, 10, 11, 12, 14, 15, 20, 21, 26, 50, 51, 54, 55, 61].
In an earlier work we described airborne microflora of
Polish sawmills [26]. The aim of the present work was to
study the concentration and species composition of the
microflora of air of fiberboard and chipboard factories
which, to the best of our knowledge, have so far not been
investigated. The production cycle in these facilities is
totally different compared to sawmills: the boards are
manufactured from waste wood which is shredded and
subjected to thermal and chemical processing.

chips in appropriate forms, with the use of glue containing
urea and formaldehyde, chemical fixation with
ammonium chloride, and subsequent compression at high
temperature.
c) Final stage: in which boards are finished by
trimming and sanding.
In fiberboard factory “A”, the air samples were taken in
the sequence of the production cycle, on the following 6
sites, marked A1-A6: • small chipper shredding mixed
waste wood from European alder (Alnus glutinosa) and
silver fir (Abies alba) (A1); • big chipper shredding waste
wood from Scots pine (Pinus sylvestris) (A2); • chip tanks
(A3); • forming of raw fiberboards on a conveyor belt
(A4); • machine trimming of fiberboards (A5); • machine
sanding of fiberboards (A6).
In chipboard factory “B”, the samples were taken at the
following 3 sites, marked B1-B3: • chipper shredding
mixed waste wood (B1); • turboslicers shredding chips
from mixed waste wood (B2); • slicer shredding silver fir
shavings (B3).
In chipboard factory “C”, the samples were taken at the
following 5 sites, marked C1-C5: • chipper shredding
mixed waste wood from silver fir and Scots pine (C1); •
two-stage shredding of Scots pine blocks into chips with
band saw and slicer (C2); • turboslicers shredding silver
fir waste wood into chips (C3); • forming of chipboards
on a conveyor belt (C4); • machine trimming and sanding
of chipboards (C5).
All samples in examined factories were taken indoors.
The samples were always collected during uninterrupted
work of machinery and full activity of all workers
engaged at the workplace. At each site, a full series of 20
double samples for viable microorganisms (as described
below) and samples for dust and endotoxin were collected
on the same day.

MATERIALS AND METHODS

Microbiological examination of the air. The
examination was performed as described earlier [26]. Air
samples were taken in fiberboard and chipboard factories
with a custom-designed particle-sizing slit sampler [16]
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 two
parallelly exposed agar plates: one “a” sampled directly
for all organisms and used for the estimation of 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, series of 5 double samples were
taken on each of the following agar media: blood agar for
total mesophilic Gram-negative and Gram-positive
bacteria, whey agar for lactobacilli, half-strength tryptic
soya agar for thermophilic actinomycetes, and malt agar
for fungi. The blood agar plates were subsequently
incubated for one day at 37ºC, then three days at 22ºC and
finally three days at 4ºC. The malt agar plates were

Examined facilities. Air sampling was performed in
three factories located in south-eastern Poland on the
territory of the Sub-Carpathian Province, of which one
(plant “A”) was a fiberboard factory and the other two
(“B” and “C”) were chipboard factories. In both types of
factories three basic stages of production cycle could be
distinguished:
a) Initial stage: shredding waste wood (branches, poles,
shavings, etc.) into chips. In the chipboard factories, chips
were repeatedly cut into very small pieces. Before further
processing, the chips were stored either indoors in tanks
or outdoors in piles.
b) Mid-stage: forming boards with the use of thermal,
mechanical and/or chemical processing. Fiberboards were
made by steaming chips under high pressure for getting
fiber mass, which was followed by mechanical milling
and glueing of the mass, and subsequent forming of
boards and compressing them at high temperature.
Chipboards were made by sticking together small wood
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Table 1. Microorganisms in the air of fiberboard factory “A”: concentrations and respirable fractions (Rf).
Sampling site

Mesophilic bacteria

Total microorganismsa

Fungi

Concentration
(mean ± S.D.,
cfu/m3 × 103)

Rf
(%)

Concentration
(mean ± S.D.,
cfu/m3 × 103)

Rf
(%)

Concentration
(mean ± S.D.,
cfu/m3 × 103)

Rf
(%)

A1. Small chipper (mixed waste wood from alder
and silver fir)

27.9 ± 8.0

69.5

43.9 ± 9.6

30.1

71.8 ± 7.9

45.4

A2. Big chipper (waste wood from Scots pine)

21.4 ± 8.7

63.2

52.8 ± 11.0

28.6

74.2 ± 6.0

38.6

A3. Chip tanks

12.1 ± 3.1

50.0

83.1 ± 13.0

64.5

95.2 ± 13.4

62.6

A4. Forming of raw fiberboards

2.5 ± 1.1

40.5

5.8 ± 3.5

56.3

8.4 ± 3.3

51.4

A5. Trimming of fiberboards

6.5 ± 0.9

32.4

5.5 ± 2.8

30.4

12.0 ± 1.9

31.5

A6. Sanding of fiberboards

7.4 ± 1.5

34.1

10.1 ± 2.1

19.5

17.5 ± 2.9

25.7

13.0 ± 9.1

48.3

33.5 ± 29.5

38.2

46.5 ± 35.4

42.5

Mean

a
Included are thermophilic actinomycetes which were detected in small concentration only at one sampling site A4 (mean ± S.D. = 0.1 ± 0.2 cfu/m3 × 103,
Rf = 0). Lactobacilli were not detected at any of examined sampling sites.

subsequently incubated for four days at 30ºC and four
days at 22ºC [17]. The prolonged incubation at lower
temperatures was aimed at isolating as wide a spectrum of
bacteria and fungi as possible. The whey agar plates were
incubated the same as the blood agar plates, and the
tryptic soya agar plates were incubated for five days at
55ºC. The colonies grown were counted and differentiated
and the data reported as cfu per one cubic meter of the air
(cfu/m3). The total concentration of microorganisms in the
air was obtained by the addition of the concentrations of
total mesophilic bacteria, lactobacilli, thermophilic
actinomycetes and fungi. Then, the percent composition
of the total microflora of the air was determined.
Bacterial isolates were identified by microscopic and
biochemical methods, as recommended by Bergey’s
Manual [39, 62, 68] 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 [45], Litvinov
[48], Ramirez [56], and Raper & Fennell [57].
The concentration of dust and endotoxin in the air was
determined at all sampling sites except for sites A2 and
B1. Air samples were collected on the polyvinyl chloride
filters by the use of a AS-50 one-stage sampler
(TWOMET, Zgierz, Poland). Two samples were taken on
each sampling site. The concentration of dust in the air
was estimated gravimetrically.
The concentration of bacterial endotoxin in the airborne
dust was determined by the Limulus amebocyte lysate
(LAL) test [46]. The filters were extracted with 5 ml of
sterile non-pyrogenic water (Travenol Laboratories Inc.,
Deerfield, IL, USA) by rocking for 60 min at room
temperature. The suspension was centrifuged at 1,000 g
for 10 min to remove particulate debris, and the
supernatant fluid was separated for further analysis.
Quantification of endotoxin content was performed in
duplicate by a chromogenic modification of the LAL test

(QCL-1000; Whittaker Bioproducts, Walkersville, MA,
USA). Results were reported in terms of Endotoxin Units
(EU) per 1 m3 of air. To convert to nanograms the value
was divided by 10 [15].
Most of the study was performed in the years 1986–
1989 and continued in 1998–2001. All the sampling and
determinations of the concentration and species
composition of the airborne microflora was completed in
all facilities during the first phase of the study (1986–
1989). In the second phase of the study (1998–2001), the
detailed taxonomic studies of the bacterial and fungal
isolates and statistical analyses of the results were carried
out. Preliminary results of this work have been reported
elsewhere [20].
RESULTS
The concentration of microorganisms in the air of
fiberboard factory “A” was large at the initial stages of
production cycle (shredding of waste wood, storing of
chips) ranging from 71.8–95.2 × 103 cfu/m3 (Tab. 1, Fig.
1). In further stages of production cycle (forming and
formatting of fiberboards), the concentration of airborne
microorganisms sharply decreased to the level of 8.4–17.5
× 103 cfu/m3 (Tab. 1). Fungi were the prevailing
microorganisms in the air of the fiberboard factory,
forming 61.1–87.3% of the total airborne microflora
during initial stages of production cycle and 46.0–69.1%
during later stages of the cycle (Fig. 2). The group second
to fungi, but much less numerous, were corynebacteria
which constituted 6.6–15.9% of the total airborne
microflora during initial stages of production cycle and
22.3–36.0% during later stages of the cycle (Fig. 2). The
other morphological types of microorganisms occurred in
relatively low proportion.
During shredding of waste wood with chippers,
Penicillium and Cladosporium strains were most often
recovered from the air, forming respectively 46.2–75.2%
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a

b

Figure 1. Photographs of air samples for fungi taken in fiberboard factory “A” at big chipper shredding pine waste wood (sampling site A2). Samples
taken by use of particle-sizing sampler on malt agar plates (a - total airborne fungi; b - respirable fraction of airborne fungi) each in volume of 3.33 l.
It may be seen that the concentration of fungi in the air at the initial stages of fiberboard and chipboard production (shredding of waste wood) is large,
posing a risk to workers. At the presented site, the potentially allergenic Penicillium strains prevailed among airborne fungi.

and 9.1–15.3% of the total fungal strains isolated from the
air. By contrast, in the air of the room where wood chips
were stored, strains of Aspergillus fumigatus distinctly
prevailed which constituted 79.7% of total fungal isolates.
Aspergillus fumigatus was also the most common species
during forming and formatting of fiberboards, forming
35.9–82.8% of total fungal isolates.
The concentrations of microorganisms in the air of
chipboard factories “B” and “C” were, on average, lower

compared to fiberboard factory “A” and the difference
proved to be statistically significant (t-test, p < 0.05). Out
of eight sampling sites in two chipboard factories, only at
one site, at the chipper shredding waste wood in factory
“B”, a large concentration of airborne microorganisms
was found equal to 101.5 × 103 cfu/m3 (Tab. 2). Of this
number, 65.2 × 103 cfu/m3 (64.2%) were fungi, among
which Penicillium strains distinctly prevailed that made
up 77.2 % of total fungal isolates. At the remaining seven

Table 2. Microorganisms in the air of chipboard factories “B” and “C”: concentrations and respirable fractions (Rf).
Plant, sampling site

Mesophilic bacteria

Total microorganismsa

Fungi

Concentration
(mean ± S.D.,
cfu/m3 × 103)

Rf
(%)

Concentration
(mean ± S.D.,
cfu/m3 × 103)

Rf
(%)

Concentration
(mean ± S.D.,
cfu/m3 × 103)

Rf
(%)

B1. Chipper (mixed waste wood )

36.3 ± 6.9

35.4

65.2 ± 24.9

12.2

101.5 ± 21.8

20.5

B2. Turboslicers shredding chips (mixed waste
wood)

12.7 ± 3.5

61.8

5.3 ± 2.5

46.6

18.0 ± 4.3

57.3

32.1 ± 18.2

37.0

2.1 ± 0.6

25.7

34.8 ± 16.0

36.3

C1. Chipper (mixed waste wood from silver fir
and Scots pine)

17.5 ± 1.7

35.3

2.6 ± 2.9

25.0

20.9 ± 3.8

34.1

C2. Two-stage shredding of pine blocks into
chips with band saw and slicer

10.9 ± 3.0

67.0

2.7 ± 0.7

53.3

14.3 ± 2.3

62.3

C3. Turboslicers shredding fir waste wood into
chips

11.6 ± 3.6

96.4

1.3 ± 0.3

42.9

12.9 ± 3.2

91.1

C4. Forming of chipboards on a conveyor belt

11.6 ± 2.6

76.8

0.8 ± 0.3

38.5

12.4 ± 2.8

74.4

Chipboard factory “B”

B3. Slicer shredding fir shavings
Chipboard factory “C”

C5. Trimming and sanding of chipboards
Mean

4.1 ± 0.9

42.6

1.1 ± 0.9

26.3

5.3 ± 1.4

38.4

17.1 ± 10.6

56.5

10.1 ± 21.1

33.8

27.5 ± 29.4

51.8

a
Included are thermophilic actinomycetes and lactobacilli, detected in small concentration only at four sampling sites. Thermophilic actinomycetes
were detected on sites C2 (mean ± S.D. = 0.1 ± 0.2 cfu/m3 × 103, Rf = 0) and C5 (mean ± S.D. = 0.1 ± 0.2 cfu/m3 × 103, Rf = 0). Lactobacilli were
detected on sites B3 (mean ± S.D. = 0.6 ± 0.0 cfu/m3 × 103, Rf = 50.0), C1 (mean ± S.D. = 0.8 ± 0.2 cfu/m3 × 103, Rf = 40.0), and C2 (mean ± S.D. =
0.6 ± 0.0 cfu/m3 × 103, Rf = 25.0).
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Figure 2. Composition of airborne microflora in a fiberboard factory
(total count, including mesophilic bacteria, thermophilic actinomycetes
and fungi).

Figure 3. Composition of airborne microflora in chipboard factories
(total count, including mesophilic bacteria, thermophilic actinomycetes
and fungi).

sampling sites in chipboard factories, the concentrations
of airborne microorganisms were much lower, ranging
from 5.3–34.8 × 103 cfu/m3 (Tab. 2). Similar to the
fiberboard factory, the smallest concentrations of airborne
microorganisms were noted during forming and
formatting of boards (respectively 12.4 and 5.3 × 103
cfu/m3) compared to initial stages of production cycle,
comprising shredding of waste wood and chips (12.9–
101.5 × 103 cfu/m3 at six sampling sites) (Tab. 2).

The composition of airborne microflora in the
examined chipboard factories differed from that found in
the fiberboard factory. In seven out of eight sampling
points the commonest microorganisms were corynebacteria
(mostly Arthrobacter spp. and Corynebacterium spp.)
ranging from 24.4–64.6% of the total airborne microflora,
while fungi, ranging from 6.0–64.3% of the total count,
prevailed at only one out of eight sampling points (Fig.
3). The third commonest microorganisms were Gram-

Table 3. List of microbial species and genera identified in samples of air from fiberboard and chipboard factories.
Gram-negative bacteria: Acinetobacter calcoaceticus*+ (A1-A4, B, C2-C5), Alcaligenes faecalis*+ (C3), Enterobacter aerogenes + (C2),
Enterobacter cloacae + (A1, C2, C3), Klebsiella pneumoniae ssp. ozaenae + (C4), Pantoea agglomerans*+ (synonyms: Erwinia
herbicola, Enterobacter agglomerans) (B2-B3, C2), Proteus vulgaris + (A1), Pseudomonas fluorescens (C3), Pseudomonas spp. (A1, A6,
B2, C2, C3, C5), Rahnella spp.+ (A2-A5, B).
Bacilli: Bacillus cereus (A, B, C1-C4), Bacillus megaterium (A1-A3, A6, C1-C4), Bacillus subtilis* (A, B, C), Bacillus spp. (A, B, C).
Corynebacteria: Arthrobacter globiformis* (A2, A3, A5, A6, B2, C1, C2), Arthrobacter spp. (A, B, C), Brevibacterium linens* (A, B, C),
Brevibacterium helvolum (B3), Corynebacterium nitrophilus (C3), Corynebacterium thomssenii (C2), Corynebacterium spp. (A, B, C),
Jonesia denitrificans (B1), Microbacterium imperiale (C5), Microbacterium lacticum (A, B, C).
Other mesophilic bacteria: Aerococcus viridans (B1, B3), Carnobacterium divergens (B1), Lactobacillus spp. (B3, C1, C2), Micrococcus
luteus (A5, B3), Micrococcus roseus (A4, A5, C2), Micrococcus spp. (A1-A3, A5, B, C2-C4), Staphylococcus epidermidis (A1-A3, A5, B2,
B3, C1, C2), Staphylococcus spp. (A, B, C1-C4), Streptococcus pneumoniae (A2), Streptococcus spp. (A1-A3, A5, B, C1-C4), Streptomyces
albus* (A1, B1), Streptomyces spp. (A1, A6, B, C1-C4).
Thermophilic actinomycetes: Saccharopolyspora rectivirgula* (synonyms: Faenia rectivirgula, Micropolyspora faeni) (A4),
Thermoactinomyces vulgaris* (C2).
Fungi: Alternaria alternata*+ (A5, A6), Aspergillus fumigatus*+ (A3-A6, B, C), Aspergillus niger*+ (A3, B2, C2, C3), Aspergillus repens
(A3, A6), Candida spp.* (A, B, C), Cladosporium brevi-compactum (A, B1, B2, C1), Geotrichum candidum (A6, C3), Mucor spp.* (A, B,
C2, C4, C5), Paecilomyces spp. (A3, B1, C4), Penicillium citrinum*+ (A1-A3, B1, B2, C1), Penicillium spp.*+ (A, B, C), Rhizopus
nigricans * + (A3), Rhodotorula graminis (A1-A5, B1, C3), Trichoderma album (A1-A4, B1, B2, C5), Trichoderma viride* (A1-A4, B,
C1, C3), Trichothecium roseum (A1, C4).
Sites of isolation are given in parentheses. Quoting only the letter attributed to a particular factory (“A”, “B” or C”, 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. The species Klebsiella pneumoniae ssp. ozaenae, Proteus
vulgaris, Streptococcus pneumoniae and Aspergillus fumigatus may be a cause of infectious disease.
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Table 4. Concentrations of dust and bacterial endotoxin in the air of fiberboard and chipboard factories.
Concentration of dust
(mean, mg/m3)

Concentration of
endotoxin
(mean, EU/m3)

35.6

1,974.02

A3. Chip tanks

2.2

284.53

A4. Forming of raw fiberboards

0.4

103.05

A5. Trimming of fiberboards

2.3

16.26

A6. Sanding of fiberboards

2.4

16.15

B2. Turboslicers shredding chips (mixed waste wood)

3.4

66.78

B3. Slicer shredding fir shavings

1.1

6.32

Plant, sampling site

Fiberboard factory “A”
A1. Small chipper (mixed waste wood from alder and silver fir)

Chipboard factory “B”

Chipboard factory “C”
C1. Chipper (mixed waste wood from silver fir and Scots pine)
C2. Two-stage shredding of pine blocks into chips with band-saw and slicer

6.2

89.16

29.1

217.38

C3. Turboslicers shredding fir waste wood into chips.

1.3

3.22

C4. Forming of chipboards on a conveyor belt

1.1

<0.125

C5. Trimming and sanding of chipboards

1.2

<0.125

negative bacteria which formed 3.6–25.6% of the total
count. The other types of microorganisms were less
numerous.
The values of the respirable fraction of airborne
microflora in the fiberboard and chipboard factories
varied within a fairly wide range, respectively between
25.7–62.6% and 20.5–91.1%. At 12 sampling sites out the
14 examined, the values of respirable fraction were
greater for bacteria than for fungi.
In the air samples taken in the examined fiberboard and
chipboard factories, 38 species or genera of bacteria and
16 species or genera of fungi were identified, of these,
respectively 14 and 9 species or genera were reported as
having allergenic and/or immunotoxic properties [21, 24,
27, 32, 35, 41, 42, 52] (Tab. 3). These figures are
certainly underestimated, as a number of bacterial and
fungal strains could be identified only to the generic level.
The concentration of dust in the air of the fiberboard
factory ranged from 2.2–35.6 mg/m3 during initial stages
of production cycle (shredding of waste wood, storing of
chips), and from 0.4–2.4 mg/m3 during forming and
formatting of the boards, while in chipboard factories the
corresponding figures were 1.1–29.1 mg/m3 and 1.1–1.2
mg/m3 (Tab. 4). Only at two sampling sites (A1, C2),
denoted values exceeded the Polish OEL value equal to 4
mg/m3 [60].
The concentration of bacterial endotoxin in the air of
the fiberboard and chipboard factories was greatest,
similar to the concentration of microorganisms, during the
initial stages of the production cycle. In the fiberboard
factory, a very distinct decrease of endotoxin concentration
with the progress of the production cycle could be
observed: this was 1,974.0 EU/m3 during shredding of

waste wood, 284.5 EU/m3 at chip tanks, 103.1 EU/m3
during forming of raw boards, and 16.2–16.3 EU/m3
during final trimming and sanding of the boards (Tab. 4).
Similar to the case of microbial concentrations, the
concentrations of endotoxin in the air of chipboard
factories were lower, ranging from 3.2–217.4 EU/m3
during shredding of waste wood and chips. During
forming and formatting of chipboards, the concentration
of endotoxin was below detection limit (0.125 EU/m3).
DISCUSSION
The greatest risk of exposure to hazardous bioaerosols
in fiberboard and chipboard factories occurs in the initial
stages of the production cycle during shredding of waste
wood, mostly with the use of chippers, and during
handling of wood chips. The concentrations of airborne
microorganisms at these places were of the order 104–105
cfu/m3, due mostly to the abundant presence of mold
fungi. These figures, on average, were higher compared to
those recorded in the Polish sawmills [26] and in wood
working shops in Egypt [1], and similar to those recorded
in wood processing facilities located in Australia and
North America [2, 11, 14, 50, 51], but lower compared to
the concentrations of airborne microorganisms reported
from Scandinavian sawmills where stored or kiln dried
wood products were heavily infected by molds [28, 29,
34].
During the further stages of the production cycle in
fiberboard and chipboard factories (forming and final
formatting of the boards), the concentrations of airborne
microorganisms notably decreased, being in the order of
103–104 cfu/m3. This may be explained by the sterilizing
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effect of the thermal processing of chips, and by the
microbicidal effect of formaldehyde used for glueing
boards. Generally, the levels of microorganisms in the air
of the examined fiberboard factory were higher than in
the chipboard factories.
To date, there are no internationally recognized
Occupational Exposure Limit (OEL) values for
bioaerosols, and thus 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 micoorganisms proposed by Malmros et al.
[49] was exceeded at 12 out 14 sampling sites examined,
while the OEL value proposed for this component by
'XWNLHZLF] DQG -DEáRVNL  î 3 cfu/m3 if respirable
fraction equals to or exceeds 50% of the total count, 100
× 103 cfu/m3 if respirable fraction is below 50% of the
total count) [21, 23] was exceeded at only 2 sampling
sites out of 14 examined. The OEL value proposed by the
latter authors [21, 23] for fungi (25 × 103 cfu/m3 if
respirable fraction equals to or exceeds 50% of the total
count, 50 × 103 cfu/m3 if respirable fraction is below 50%
of the total count) was exceeded at 3 sampling sites out 14
examined.
Airborne fungi pose a major biohazard in the
fiberboard and chipboard factories. They distintictly
prevailed at sites where the pollution of the air with
microorganisms was the greatest: at chippers shredding
waste wood and at the tanks with wood chips. Penicillium
strains, growing as a primary infection on various waste
wood shredded by chippers, formed a major component
of the airborne microflora in the vicinity of these
machines. At tanks with wood chips, the most common
species was Aspergillus fumigatus which abundantly
developed on stored chips as a secondary infection. The
latter observation conforms with reports of earlier authors
who noted the abundant occurrence of A. fumigatus on
wood chips and in the air near chip piles [18, 33, 34, 66].
Both Aspergillus fumigatus and Penicillium spp.
possess allergenic and immunotoxic properties and are
known risk factors of occupational respiratory disease
[41, 42]. Aspergillus fumigatus may cause allergic
alveolitis, asthma, pulmonary aspergillosis, and possibly
mycotoxicoses [13, 40, 44]. Aspergillus and Penicillium
strains were reported as causative agents of allergic
alveolitis or organic dust toxic syndrome in woodwoorkers
[3, 27, 65] and in people exposed to wood chips while
performing other occupations [37] or using chips as a fuel
[38, 67]. Minárik et al. [53] reported cases of a novel
form of allergic alveolitis described as “beech chips
disease” among the workers of a cellulose factory
exposed to dust from stored beech chips.
Corynebacteria prevailed among bacterial strains
isolated from the air of examined facilities, having been
particularly numerous in chipboard factories. So far, little
is known about the potentially pathogenic properties of
corynebacteria associated with organic dusts. Cases of
allergic alveolitis caused by Arthrobacter globiformis and
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Brevibacterium linens have been reported [52] and the
involvement of peptidoglycan produced by these bacteria
in causing organic dust toxic syndrome (ODTS) cannot be
excluded.
The levels of Gram-negative negative bacteria found in
the air of fiberboard and chipboard factories were lower
compared to those recorded earlier in sawmills [26].
Nevertheless, at 9 out of 14 examined sampling points
their concentration exceeded the value of 1 × 103 cfu/m3
proposed by Clark [7] and Malmros et al. [49] as the OEL
value, and many isolated strains (Rahnella spp., Pantoea
agglomerans, Proteus vulgaris, Alcaligenes faecalis,
Acinetobacter calcoaceticus) are known to possess strong
endotoxic and/or allergenic properties [19, 21, 52].
A potential health hazard created by endotoxinproducing bacteria for sawmill workers has been
confirmed by finding substantial exposure to airborne
endotoxin during shredding of waste wood and handling
of wood chips at the initial stages of production cycle. A
relatively high concentration of endotoxin has been found
also at the forming of raw fiberboards. At the final
formatting of the boards, the concentration of endotoxin
in the air was low and did not pose any health hazard for
the workers. Altogether, at 4 out of 12 sampling sites in
the examined facilities, concentration of 9 ng/m3 (90
EU/m3) - reported by Castellan et al. [6] as the threshold
value causing decrease of lung function in exposed men was exceeded, and the OEL value of 50 EU/m3 - proposed
by the Dutch Expert Committee on Occupational
Standards (DECOS) [15], was exceeded at 6 out of 12
sampling sites. At 3 sites the OEL value of 25 ng/m3 (200
EU/m3) - proposed by Laitinen [43] was exceeded, and on
one site the OEL value of 0.1 µg/m3 (1000 EU/m3) proposed by Clark [7], Rylander [61] and Malmros et al.
[49]. Compared to earlier studies on endotoxin pollution
in wood processing facilities, the values recorded in the
present work are higher compared to those obtained by
Dahlqvist et al. in Sweden [9], Laitinen in Finland [43],
Dennekamp et al. in Canada [12] and Alwis et al. and
Mandryk et al. in Australia [2, 50], but similar to those
obtained by Duchaine et al. in Canada [14]. They were
lower, however, than those noted in Polish sawmills [26],
and distinctly lower compared to those recorded during
the performing of various agricultural activities associated
with high exposure to grain dust and other dusts of plant
origin [21, 25, 43, 54, 55]. Nevertheless, the results of
endotoxin determination by Limulus test may vary to a
great extent between laboratories and thereby all the
comparisons are only of limited value.
CONCLUSION
In conclusion, during the initial stages of the
production cycle (shredding of waste wood, storing of
chips), the workers of fiberboard and chipboard factories
may be exposed to high levels of airborne microorganisms
and endotoxin, posing risk of respiratory disease. The
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greatest potential hazard is presented by the allergenic
fungi of the genera Penicillium and Aspergillus.
Acknowledgements
The skillful assistance of Ms. Halina Wójtowicz and Ms.
:LHVáDZD /LVRZVND DW SHUIRUPLQJ WKH VWXG\ LV JUDWHIXOO\
acknowledged.

REFERENCES
1. Abdel Hameed AA, Khoder MI, Farag SA: Organic dust and
gaseous contaminants at wood working shops. J Environ Monit 2000, 2,
73-76.
2. Alwis KU, Mandryk J, Hocking AD: Exposure to biohazards in
wood dust: bacteria, fungi, endotoxins, and (1→3)-beta-D-glucans. Appl
Occup Environ Hyg 1999, 14, 598-608.
3. Ávila R, Lacey J: The role of Penicillium frequentans in suberosis
(Respiratory disease in workers in the cork industry). Clin Allergy 1974,
4, 109-117.
4. Barron GL: The Genera of Hyphomycetes from Soil. Williams &
Wilkins, Baltimore 1968.
5. Belin L: Sawmill alveolitis in Sweden. Int Archs Allergy Appl
Immunol 1987, 82, 440-443.
6. Castellan RM, Olenchock SA, Kinsley KB, Hankinson JL: Inhaled
endotoxin and dectreased spirometric values. An exposure-response
relation for cotton dust. N Eng J Med 1987, 317, 605-610.
7. Clark CS: Workgroup report on prevention and control. Workshop
on Health Effects of Organic Dusts in the Farm Environment, Skokloster,
Sweden, April 23-25, 1985. Am J Ind Med 1986, 10, 267-273.
8. Cowan ST, Steel KJ: Manual for the Identification of Medical
Bacteria. University Press, Cambridge 1965.
9. Dahlqvist M, Johard U, Alexandersson R, Bergstrom B, Ekholm U,
Eklund A, Milosevich B, Tornling G, Ulfvarson U: Lung function and
precipitating antibodies in low exposed wood trimmers in Sweden. Am J
Ind Med 1992, 21, 549-559.
10. Demers PA, Teschke K, Kennedy SM: What to do about
softwood dust? A review of respiratory effects and recommendations
regarding exposure limits. Am J Ind Med 1997, 31, 385-398.
11. Demers PA, Kennedy SM, Teschke K, Davies H, Bartlett K:
Exposure to wood and microorganisms and respiratory disease among
sawmill workers. In: 12th International Symposium on Epidemiology in
Occupational Health (ISEOH), Harare, Zimbabwe, 16-19 September
1997, Abstracts, 38.
12. Dennekamp M, Demers PA, Bartlett K, Davies HW, Teschke K:
Endotoxin exposure among softwood lumber mill workers in the
Canadian province of British Columbia. Ann Agric Environ Med 1999,
6, 141-146.
13. DiSalvo AF (Ed): Occupational Mycoses. Lee and Febiger,
Philadelphia 1983.
14. Duchaine C, Meriaux A, Thorne PS, Cormier Y: Assessment of
particulates and bioaerosols in eastern Canadian sawmills. Am Ind Hyg
Assoc J 2000, 61, 727-732.
15. Dutch Expert Committee on Occupational Standards (DECOS):
Endotoxins, Health-based Recommended Occupational Exposure Limit.
Gezondheidsraad, The Netherlands 1998.
16. Dutkiewicz J, Kwapiszewski C: Nowy aparat do badania
mikrobiologicznego zanieczyszczenia powietrza (New sampler for
microbiological examination of the air). Ochrona Powietrza 1975, 9(2),
37-42 (in Polish).
17. Dutkiewicz J: Exposure to dust-borne bacteria in agriculture. I.
Environmental studies. Arch Environ Health 1978, 33, 250-259.
18. 'XWNLHZLF] - 0LQiULN / 6NyUVND & .U\VLVND-Traczyk E,
Votrubová V, Mayer M: Mikrobiologiczna i kliniczna analiza przypadków
]DFKRURZDZ\QLNá\FK]]DZRGRZHJRNRQWDNWX]H]U ENDPLEXNRZ\PL
w fabryce celulozy (Microbiological and clinical analysis of the cases of
disease due to occupational exposure to beech chips in a cellulose
factory). Pneum Pol 1984, 52, 57-69 (in Polish).
19. Dutkiewicz J, Skórska C, Sitkowska J, Ochalska B, Kaczmarski
F: Properties of the endotoxins produced by various gram-negative

bacteria present in occupational environments. In: Rylander R, Burrell
R, Peterson Y (Eds): Proceedings of Endotoxin Inhalation Workshop,
187-189. National Cotton Council, Memphis 1988.
20. Dutkiewicz J: Bacteria, fungi and endotoxin in stored timber
logs and airborne sawdust in Poland. In: O’Rear CE, Llewellyn GC
(Eds): Biodeterioration Research 2, 533-547. Plenum Press, New York
1989.
21. Dutkiewicz J, JaEáRVNL/%LRORJLF]QH6]NRGOLZRFL=DZRGRZH
(Occupational Biohazards). PZWL, Warsaw 1989 (in Polish).
22. Dutkiewicz J, Sorenson WG, Lewis DM, Olenchock SA: Levels
of bacteria, fungi and endotoxin in stored timber. Int Biodeterioration
1992, 30, 29-46.
23. Dutkiewicz J: Bacteria and fungi in organic dust as potential
health hazard. Ann Agric Environ Med 1997, 4, 11-16.
24. 'XWNLHZLF]-SLHZDN5-DEáRVNL/Klasyfikacja Szkodliwych
&]\QQLNyZ %LRORJLF]Q\FK :\VW SXMF\FK Z URGRZLVNX 3UDF\ RUD]
1DUD*RQ\FK QD 1LH *UXp Zawodowych (Classification of Occupational
Biohazards and the Exposed Professional Groups). 2nd Ed. Institute of
Agricultural Medicine, Lublin 1999 (in Polish).
25. 'XWNLHZLF] - .U\VLVND-Traczyk E, Skórska C, Sitkowska J,
3UD*PR=8UEDQRZLF]%([SRVXUHRf agricultural workers to airborne
microorganisms and endotoxin during handling of various vegetable
products. Aerobiologia 2000, 16, 193-198.
26. 'XWNLHZLF] - .U\VLVND-7UDF]\N ( 3UD*PR = 6NyUVND &
Sitkowska J: Exposure to airborne microorganisms in Polish sawmills.
Ann Agric Environ Med 2001, 8, 71-80.
27. Dykewicz MS, Laufer P, Patterson R, Roberts RN, Sommers
HM: Woodman's disease: Hypersensitivity pneumonitis from cutting live
trees. J Allergy Clin Immunol 1988, 81, 455-460.
28. Eduard W, Sandven P, Levy F: Relationships between exposure
to spores from Rhizopus microsporus and Paecilomyces variotii and
serum IgG antibodies in wood trimmers. Int Arch Allergy Immunol 1992,
97, 274-282.
29. Eduard W: Assessment of Mould Spore Exposure and Relations
to Symptoms in Wood Trimmers. Thesis. Agricultural University,
Wageningen 1993.
30. Enarson DA, Chan-Yeung M: Characterization of health effects
of wood dust exposures. Am J Ind Med 1990, 17, 33-38.
31. Greaves H: The bacterial factor in wood decay. Wood Sci
Technol 1971, 5, 6-16.
32. Halpin DM, Graneek BJ, Turner-Warwick M, Newman Taylor
AJ: Extrinsic allergic alveolitis and asthma in a sawmill worker: case
report and review of the literature. Occup Environ Med 1994, 51, 160-164.
33. +DOZHJ+.UDNyZND33RGVLDGáR%2ZF]DUHN-3RQDKDMED$
Pawlicka L: Badania nad zanieczyszczeniem powietrza przez zarodniki
grzybów na wybranych stanowiskach pracy w fabryce papieru (Studies
on pollution of the air with fungal spores on selected working posts in a
paper factory). Pneum Pol 1978, 46, 577-585 (in Polish).
34. Jäppinen P, Haahtela T, Liira J: Chip pile workers and mould
exposure. A preliminary clinical and hygienic survey. Allergy 1987, 42,
545-548.
35. Johnson CE, Bernstein L, Gallagher JS, Bonventre PF, Brooks
SM: Familial hypersensitivity pneumonitis induced by Bacillus subtilis.
Am Rev Respir Dis 1980, 122, 339-348.
36. Käärik A: Succession of microorganisms during wood decay.
In: Liese W (Ed): Biological Transformation of Wood by
Microorganisms, 39-51. Springer Verlag, Berlin 1975.
37. Kirsten D, Nowak D, Kanzow G, Magnussen H: Hypersensitivity
pneumonitis in a gardener: persistent bronchoalveolar lavage lymphocytosis
despite antigen avoidance. Ann Agric Environ Med 1994, 1, 77-79.
38. Kolmodin-Hedman B, Blomquist G, Lofgren F: Chipped wood
as a source of mould exposure. Eur J Respir Dis 1987, 71 (Suppl. 154),
44-51.
39. Krieg NR, Holt JG (Eds): Bergey's Manual of Systematic
Bacteriology. Vol. 1. Williams & Wilkins, Baltimore 1984.
40. KrysiVND-7UDF]\N ( 3OHQLH Aspergillus fumigatus jako
SU]\F]\QDVFKRU]HSáXFRFKDUDNWHU]H]DZRGRZ\P 0ROGVAspergillus
fumigatus as a cause of respiratory diseases of occupational origin). Med
Wiejska 1973, 8, 275-284 (in Polish).
41. Lacey J, Crook B: Review: Fungal and actinomycete spores as
pollutants of the workplace and occupational allergens. Ann Occup Hyg
1988, 32, 515-533.

Exposure to airborne microorganisms in fiberboard and chipboard factories
42. Lacey J, Dutkiewicz J: Bioaerosols and occupational lung
disease. J Aerosol Sci 1994, 25, 1371-1404.
43. Laitinen S: Exposure to Airborne Bacteria in Occupational
Environments. Doctoral Dissertation. Department of Environmental
Sciences, University of Kuopio, Kuopio 1999.
44. Land CJ, Hult K, Fuchs R, Hagelberg S, Lundström H: Tremorgenic
mycotoxins from Aspergillus fumigatus as a possible occupational health
problem in sawmills. Appl Environ Microbiol 1987, 53, 787-790.
45. Larone DH: Medically Important Fungi: A Guide to Identification.
American Society for Microbiology, Washington, D.C. 1993.
46. Levin J, Bang FB: The role of endotoxin in the extracellular
coagulation of Limulus blood. Bull Johns Hopkins Hosp 1964, 115, 265274.
47. Levy JF: Colonisation of wood by fungi. In: Liese W (Ed):
Biological Transformation of Wood by Microorganisms, 16-23.
Springer-Verlag, Berlin 1975.
48. Litvinov MA: Opredelitel' Mikroskopicheskikh Pochvennykh
Gribov (Guide for Determination of the Microscopic Soil Fungi). Izd.
Nauka, Leningrad 1967 (in Russian).
49. Malmros P, Sigsgaard T, Bach B: Occupational health problems
due to garbage sorting. Waste Manag Res 1992, 10, 227-234.
50. Mandryk J, Alwis KU, Hocking AD: Work-related symptoms
and dose-response relationships for personal exposures and pulmonary
function among woodworkers. Am J Ind Med 1999, 35, 481-490.
51. Mandryk J, Alwis KU, Hocking AD: Effects of personal
exposures on pulmonary function and work-related symptoms among
sawmill workers. Ann Occup Hyg 2000, 44, 281-289.
52. 0LODQRZVNL-'XWNLHZLF]-3RWRF]QD+.X/8UEDQRZLF]%
Allergic alveolitis among agricultural workers in eastern Poland: A
study of twenty cases. Ann Agric Environ Med 1998, 5, 31-43.
53. Minárik L, Mayer M, Votrubová V, Ürgeová N, Dutkiewicz J:
Exogenná alergická alveolitida z precitlivenosti na antigény z plesnivych
bukovych stiepok. Popis dvoch pripadov (Allergic alveolitis due to
antigens present in mouldy beech chips - description of two cases).
Studia Pneumol Phtiseol Cechoslov 1983, 43, 38-45 (in Slovak).
54. Olenchock SA, May JJ, Pratt DS, Piacitelli LA, Parker JE:
Presence of endotoxins in different agricultural environments. Am J Ind
Med 1990, 18, 279-284.

199

55. Olenchock SA: Endotoxins in various work environments in
agriculture. Developments in Industrial Microbiology 1990, 31, 193-197.
56. Ramirez C: Manual and Atlas of the Penicillia. Elsevier,
Amsterdam 1982.
57. Raper KB, Fennell DI: The Genus Aspergillus. Williams &
Wilkins, Baltimore 1965.
58. Rask-Andersen A, Land CJ, Enlund K, Lundin A: Inhalation
fever and respiratory symptoms in the trimming department of Swedish
sawmills. Am J Ind Med 1994, 25, 65-67.
59. Rossell SE, Abbot EGM, Levy JF: Bacteria and wood. A review
of the literature relating to the presence, action and interaction of
bacteria in wood. J Inst Wood Sci 1973, 6(2), 28-35.
60. 5R]SRU]G]HQLH 0LQLVWUD 3UDF\ L 3ROLW\NL 6RFMDOQHM ] GQLD 
F]HUZFD  U Z VSUDZLH QDMZ\*V]\FK GRSXV]F]DOQ\FK VW *H L
QDW *H F]\QQLNyZ V]NRGOLZ\FK GOD ]GURZLD ZURGRZLVNX SUDF\ ']
U. 1998, nr 79, poz. 513. Warszawa 1998 (in Polish).
61. Rylander R: The role of endotoxin for reactions after exposure to
cotton dust. Am J Ind Med 1987, 12, 687-697.
62. Sneath PHA, Mair N, Sharpe ME, Holt JG (Eds): Bergey's
Manual of Systematic Bacteriology. Vol. 2. Williams & Wilkins,
Baltimore 1986.
63. Sorenson WG, Simpson J, Dutkiewicz J: Yeasts and yeast-like
fungi in stored timber. Int Biodeterioration 1991, 27, 373-382.
64. Tatken RL (Ed): Health Effects of Exposure to Wood Dust: A
Summary of the Literature. U.S. Department of Health and Human
Services, Public Health Service, Centers for Disease Control, NIOSH,
Cincinnati, OH 1987.
65. Terho EO, Husman K, Kotimaa M, Sjoblöm T: Extrinsic allergic
alveolitis in a sawmill worker: A case report. Scand J Work Environ
Health 1980, 6, 153-157.
66. Thörnqvist T, Lundström H: Health hazards caused by fungi in
stored wood chips. For Prod J 1982, 32(11/12), 29-32.
67. Van Assendelft AHW, Raitio M, Turkia V: Fuel chip-induced
hypersensitivity pneumonitis caused by Penicillium species. Chest 1985,
87, 394-396.
68. Williams ST, Sharpe ME, Holt JG (Eds): Bergey’s Manual of
Systematic Bacteriology. Vol. 4. Williams & Wilkins, Baltimore 1989.

