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Abstract: Microbiological air sampling was performed in four sawmills located in
eastern Poland, of which two were processing coniferous wood (pine, fir) and other two
deciduous wood (oak, birch). Total concentration of microorganisms (bacteria and
fungi) in the air of sawmills processing coniferous wood was on average: Z0&2x

10° cfu/m® (meanz S.E.) and significantly (p <0.05) higher compared to those
processing deciduous wood where the mean concentration of airborne microorganisms
was 9.8+ 3.0x 10 cfu/nT. The greatest concentrations of microorganisms in the sawmills
processing coniferous wood were noted at debarking and at first-cut frame sawing of
pine logs (42.% 7.6 x 10° cfu/nPand 39.8¢ 7.0 x 1C° cfu/nt, respectively). Microflora
released into air during debarking consisted mostly of allergenic fungi (PAajpdygillus
fumigatu3y and corynebacteria, whereas airborne microflora recovered during first-cut
frame sawing constituted mostly of endotoxin-producing Gram-negative bacteria of the
genusRahnella developing in the sapwood of pine. In the sawmills @%ing deciduous

wood, the largest concentration of microorganisms (364 x 10° cfu/nt) was found

at sorting of the oak parquet boards and was due to the secondary infection of the boards
with mouldsPenicillium citrinumduring prolonged storing in the open air. Values of the
respirable fraction of airborne microflora in the examined sawmills varied within fairly
wide limits and were between 22.5-86.6%. Altogether, 34 species or genera of bacteria
and 21 species or genera of fungi were identified in the air of sawmills, of which
respectively 13 and 9 species or genera were reported as having allergenic and/or
immunotoxic properties. The concentrations of airborne bacterial endotoxin which were
determined on two sampling sites in the sawmills processing pine and fir, were 0.24
pg/n? and 4.00 pg/frespectively, distinctly exceeding the suggested safe level. In
conclusion, the workers of Polish sawmills may be exposed on some working stands to
airborne microorganisms posing respiratory hazard, of which the greatest risk is
represented by allergenic fungi developing on bark of logs or stored wood products and
endotoxin-producing Gram-negative bacteria of the geRabnella developing in
sapwood of coniferous logs.
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INTRODUCTION hyperresponsiveness and respiratory disorders, such as:
organic dust toxic syndrome (ODTS), allergic alveolitis,
Sawmill workers may be exposed at work to thasthma, non-asthmatic chronic airflow obstruction,
inhalation of various allergenic and immunotoxic agentghronic bronchitis, mucous membrane irritation syndrome
comprising wood derivatives (e.g. terpenes, resin acid®MI) and rhinitis [5, 12, 30, 31, 34, 50, 51, 58, 64, 69].
and microorganisms associated with timber [8, 9, 11, 3Blicroorganisms and their products known as potential
33, 64]. They cause decrease in lung function, bronchizdusative agents of these disorders (Gram-negative
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bacteria, endotoxin, mould fungi, {43)-p-D-glucans) logs (B1). Except for site “Al", all samples in sawmills
has been detected in the air of sawmills in the course ‘éf" and “B” were taken indoors.
studies performed on different continents: Africa [1], In sawmill “C”, the samples were taken at the
Australia [2, 50, 51], Europe [27, 28, 37, 40, 65] antbllowing sites: frame sawing of oak logs (C1); multi-
North America [10, 11, 13]. stage machine, sawing planks into raw parquet boards
The concentration and composition of airborn€C2); sorting of raw parquet boards stacked in piles,
microflora in sawmills may vary to a great degreearlier stored in the open air for 6-9 months (C3). In
depending on the kind of timber being processed and teawmill “D”, the samples were taken at the following
technology of production [11, 50, 51]. The pollution of aisites: cutting of oak logs for veneer (D1); feeding oak
with microorganisms results from the primary oweneer to a dryer (D2); trimming of dried oak veneer
secondary infection of timber [19, 27, 58]. The primaryD3); machine finishing oak parquet boards (D4); multi-
infection develops in timber logs stored in forests and Btage machine, manufacturing floor mosaic boards from
lumber vyards, initially with bacteria (described adirch wood (D5). All samples in sawmills “C” and “D”
“pioneer organisms”) and then with fungi which maywere taken indoors.
eventually cause wood decay [32, 39, 46, 59]. A study of
six kinds of stored wood performed in the USA has Microbiological examination of the air. Air samples
shown that bark usually contains large amounts of Gramvere taken in sawmills with a custom-designed particle-
positive bacteria and moulds while inner wood (sapwoagzing slit sampler [15] enabling estimations of both total
and heartwood) contains great quantities of Granand respirable fractions of the microbial aerosol (Polish
negative bacteria and yeasts [21, 63]. Secondary infectiBatent 87612 assigned on 6 June 1977). Each air sample
of wood proceeds on chopped wood (chips, planks) whietas a duplicate, taken at a flow rate of 20 I/min. It
are stored in sawmills and other wood processimpnsisted of two parallelly exposed agar plates: one "a"
facilities in conditions favouring microbial growth. It issampled directly for all organisms and used for the
characterized by abundant growth of moulds and oftesstimation of the total concentration of colony forming
causes respiratory illnesses in workers [27, 28, 37, 4@yits (cfu) per My and another “b” sampled through a pre-
58]. selector (consisting of a system of glass tubes and
The aim of the present work was to study theegulated deposition disks covered with a sticky
concentration and species composition of the microflosubstance) for the respirable fraction. The value of
of air in Polish sawmills processing coniferous andespirable fraction was expressed as a percent (%) of the

deciduous wood. total count, calculated by division of the number(s) of cfu
on plate(s) “b” through the number(s) of cfu on plate(s)
MATERIALS AND METHODS “a” and multiplication by 100. The median cut point for

the respirable fraction was 3.0 um, approximating the

Examined sawmills. Air sampling was performed in recommendations of the American Conference of
four sawmills located in eastern Poland, of which tw&overnmental Industrial Hygienists [66]. The used
(“A” and “B") were processing coniferous wood andsampler enables the determinations of concentrations of
other two (“C” and “D”) were processing deciduousmnicroorganisms in the air in the range of-10° cfu/n?.
wood. The plants included (bracketed figures indicate On each sampling site, series of five double samples
numbers of sampling sites in each facility): sawmill “A"were taken on each of the following agar media: blood agar
processing wood of Scots pin®ifus sylvestris (6), for total mesophilic Gram-negative and Gram-positive
sawmill “B” processing wood of silver firApies albd bacteria, whey agar for lactobacilli, half-strength tryptic
(1), sawmill “C” processing wood of English oaksoya agar for thermophilic actinomycetes and malt agar for
(Quercus robuy (3), and sawmill “D” processing wood of fungi. The blood agar plates were subsequently incubated
English oak Quercus robur and white warty birch for one day at 37°C, then three days at 22°C and finally
(Betula verrucosp(5). The sampling sites in subsequenthree days at 4°C. The malt agar plates were subsequently
sawmills were marked as: A1-A6, B1, C1-C3 and D1-Dincubated for four days at 30°C and four days at 22°C [16].
In the sawmills “A”, “B”, “C” and “D” were employed The prolonged incubation at lower temperatures aimed to
43, 18, 33 and 57 workers, respectively. isolate as wide a spectrum of bacteria and fungi as possible.

In sawmill “A” the air samples were taken, in theThe whey agar plates were incubated as the blood agar
sequence of production cycle, at following sites: manuplates and the tryptic soya agar plates were incubated for
sawing of long pine logs into shorter blocks (Al)five days at 55°C. The grown colonies were counted and
machine debarking of logs (A2); first-cut frame sawingdifferentiated and the data were reported as cfu per one
removing sapwood (A3); cellar under sawing machinesubic meter of the air (cfuffin The total concentration of
housing conveyor belt removing sawdust (A4); secondnicroorganisms in the air was obtained by the addition of
cut frame sawing, slicing heartwood core into plankte concentrations of mesophilic bacteria, thermophilic
(A5); plank trimming (A6). In sawmill “B”, the samples actinomycetes and fungi. The percent composition of the
were taken at only one site, at first-cut frame sawing of fiotal microflora of the air was then determined.
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Bacterial isolates were identified with microscopic andendotoxin) oEscherichia colD111:B4 (Difco Laboratories,
biochemical methods, as recommended by BergeyBetroit, USA) as positive control. The formation of a
Manual [41, 62, 68] and Cowan & Steel [7]. Additionallystable clot was regarded as a positive result. The
the selected isolates were identified with microtests: ARstimated concentration of endotoxin in dust (ng/mg) was
Systems 20E and NE (bioMérieux, Marcy [I'Etoile,multiplied per estimated concentration of dust in the air
France) and BIOLOG System (Biolog, Inc., Hayward(mg/n?) and the results were reported as micrograms of
CA, USA). Fungi were classified with microscopicthe equivalents of thE. coli0111:B4 endotoxin per 13n
methods, according to Barron [4], Larone [44], Litvinowof air. To convert to Endotoxin Units (EU), multiply the
[47], Ramirez [56], and Raper & Fennell [57]. value in nanograms by 1.2 [53].

On two sampling sites (A3, B1) the concentration of The study was performed mostly during the years 1981-
dust and endotoxin in the air was determined. The &iP86 and continued during 1995-2000. Preliminary results
samples were collected on the polyvinyl chloride filtersf this work have been reported elsewhere [17, 19, 23].
by the use of an AS-50 one-stage sampler (TWOMET,

Zgierz, Poland). Two samples were taken at each RESULTS

sampling site. The concentration of dust in the air was

estimated gravimetrically. The concentration of bacterial The concentrations of microorganisms in the air of
endotoxin in the airborne dust was determined by tleawmills processing coniferous wood are presented in
Limulus amebocyte lysate gel tube test (LAL) [45]. TheéTable 1 and composition of microflora depicted in Figure
filters were extracted for one hour in 10 ml of pyrogent. In the course of production cycle in the pine processing
free water at room temperature, heated to 100°C insawmill, noteworthy changes both in the concentration and
Koch apparatus for 15 min (for better dissolving o€omposition of airborne microflora could be observed. At
endotoxin and inactivation of interfering substances), aride initial stage, the transverse cutting of long logs in the
after cooling, serial dilutions were prepared. The 0.1 nopen air, the concentration of microorganisms in the air
dilutions were mixed equally with the “Pyrotellimulus was very low. At debarking, the airborne microflora
reagent (Associates of Cape Code, Inc., Woods Holagcreased about six times up to the level of 4.2 % 10
Mass., USA). The test was incubated for one hour inciu/m® and was clearly dominated by two groups of
water bath at 37°C, using pyrogen-free water as maicroorganisms: corynebacteria (mos@igrynebacterium
negative control and the commercial lipopolysaccharidgp.) forming nearly 50% of the total count, and fungi

Table 1.Microorganisms in the air of sawmills processing coniferous wood: concentrations and respirable fractions (Rf).

Plant, sampling site Mesophilic bacteria Thermophilic actinomycetes Fungi Total microordanisms
Concentration Rf Concentration Rf  Concentration Rf  Concentration Rf
(meant S.E., (%) (meant S.E., (%) (meant S.E., (%)  (meant S.E., (%)
cfu/n x 10°) cfu/nt® x 10%) cfu/mtx 10°) cfu/n x 10°)

Sawmill “A” processing pine

Al. Transverse cutting of logs 5.2+.0.8 50.9 0.4+0.2 0 16+08 75.0 72+1.1 53.5
A2. Debarking room 26.4+ 3.7 34.1 0.3+0.3 0 154+ 11.8 11.7 421+ 7.6 25.7
A3. First-cut frame sawing 36.2+ 7.3 19.7 0.3+0.3 100 3.3+0.7 455 39.8+7.0 22.5
A4. Cellar under sawing machines 15.6£ 2.7 23.8 0.2+0.2 100 3.5+0.6 20.7 19.3+ 2.7 23.8
A5. Second-cut frame sawing 8.4+1.0 48.9 0.3+ 0 0 2.0+0.6 455 10.7+£1.0 46.9
AB6. Trimming of planks 6.2+ 2.3 70.2 0.1+0.1 0 1.3+0.6 100 76122 86.6

Sawmill “B” processing fir

B1. First-cut frame sawing 12.7£ 0.6 37.3 0 2.0+13 54.5 148+ 1.5 39.2

Mean 15.8+4.4 40.7 0.2+0.1 33.3 42+1.9 50.4 20.2+5.6 42.6

#Samples for lactobacilli taken on whey agar were negative in all cases except for small amount detected at frame sawirgSiE(méatx 0.1
cfuimx 1¢°, Rf = 0).
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Figure 1. Photographs of air samples for mesophilic bacteria taken in sawmill “A” processing pine at following sites: 1a-1b debarking room; 2a-2b
first-cut frame sawing; 3a-3b second cut frame sawing; 4a-4b trimming of planks. The samples were taken using particle-sizing sampler on blood agar
plates, each in volume of 3.33 I. Photographs 1a, 2a, 3a, 4a show total bacterial flora of the air, while photographs 1b, 2b, 3b, 4b show the respirable
fraction. It may be seen that the concentration of bacteria in the air was high at initial stages of wood processing (debarking, first-cut sawing) and
decreased in the further stages. Corynebacteria, growing in the form of colonies of uniform consistency of variable size and colour, dominated during
debarking, whereas during first-cut frame sawing Gram-negative bacteria of theRgmellaprevailed, growing in the form of characteristic
glistening, transparent colonies with dark centre (indicated by letters “RA”).

(mostly Aspergillus fumigatysforming 30% of the total were Gram-negative bacteria, released into air with the
count (Tab. 1, Figs 1-2). A high level of microbialpine sapwood sawdust. They formed 55% of the total count
pollution (approximating 4.0 x f@fu/n?) persisted at the and the dominant genus among them vRehnella
next production stage, the first-cut frame sawing; howevégRahnella aquatilis, Rahnellapp.) which alone formed
the composition of airborne microflora was quite differermearly half (47.9%) the total count (Tab. 1, Figs 1-2, 4). At
compared to the former stage. The dominant organisti®e next production stages, the second-cut frame sawing

Table 2.Microorganisms in the air of sawmills processing deciduous wood: concentrations and respirable fractions (Rf).

Plant, sampling site Mesophilic bacteria Thermophilic actinomycetes Fungi Total microordanisms
Concentration Rf Concentration Rf  Concentration Rf  Concentration Rf
(meant S.E., (%) (meant S.E., (%)  (meant S.E., (%)  (meant S.E., (%)
cfulm? x 10°) cfu/m? x 10°%) cfu/m?x 10°) cfu/m? x 10°)

Sawmill “C” processing oak

C1. Framesawing 5.1+ 0.6 41.4 0.6+ 0.3 0 0.8+ 0.3 0 6.5+ 0.6 32.6

C2. Making of parquet boards 8.3x1.0 41.2 0.3+ 0 0 1.3+0.1 18.2 9.9+1.0 36.9

C3. Sorting of parquet boards 13.2+ 2.5 36.2 0.1+0.1 0 17.3+5.9 50.5 30.6£3.4 44.2

Sawmill “D” processing oak and birch

D1. Cutting of oak logs for veneer 3.3+x0.2 74.5 0.1+0.1 0 2.0+09 24.2 54+04 54.7

D2. Drying of oak veneer 3.7+0.2 78.9 0 0.8+0.2 57.1 45+0.3 74.8

D3. Trimming of oak veneer 43+04 60.8 0.1+0.1 0 0.6+0.1 40.0 55+04 55.2

D4. Making of oak parquet boards 2.7+0.3 80.0 0.1+0.1 100 40+1.7 47.0 6.8+1.1 60.9

D5. Making of floor mosaic boards 4.0+06 57.6 0.3+0.2 0 4.6+0.8 487 89+09 52.8

from birch wood
Mean 56+x1.2 58.8 0.2+ 0.1 14.3 3.9+20 35.7 9.8+ 3.0 51.5

#Samples for lactobacilli taken on whey agar were negative in all cases except for small amount detected at trimming of oak ven&eE (mean
0.5+ 0.2 cfu/nix 1%, Rf = 33.3%).
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Figure 2. Composition of airborne microflora in sawmills processingFigure 3. Composition of airborne microflora in sawmills processing
coniferous wood (total count, including mesophilic bacteria, thermophil@eciduous wood (total count, including mesophilic bacteria, thermophilic
actinomycetes and fungi). actinomycetes and fungi).

and trimming of planks, a sharp decrease in thamounts and lactobacilli were detected in trace quantity
concentration both of total microorganisms and Granonly on one sampling site.

negative bacteria was noted (Tab. 1, Figs 1-2). The meariThe concentrations of microorganisms in the air of the
concentration of microorganisms in the sawmilsawmills processing deciduous wood were distinctly lower
processing fir was lower compared to that processing pinempared to those processing coniferous wood (Tab. 2)
(Tab. 1). Corynebacteria prevailed in the air of the fiand the difference proved to be statistically significant

processing sawmill, forming about 50% of the total coungt-test, p < 0.05). Out of eight sampling sites in two oak

and Gram-negative bacteria constituted 25% of the totakocessing sawmills, the highest concentration of

Generally, the most common organisms in the air of thmicroorganisms was found at sorting of parquet boards
sawmills processing coniferous wood were corynebacter{8.2 x 10 cfu/nt) (Tab. 2). This was due to the secondary

Thermophilic actinomycetes occurred in very smalhfection of the boards, stored earlier in the open air, by the

Table 3. List of microbial species and genera identified in the samples of air from sawmills.

Gram-negative bacteria: Acinetobacter calcoaceticéis (B, C, D2, D3),Alcaligenes faecalis+ (A2, A5), Enterobacterspp+ (A3-A5, B, C1,
C3, D1),Pantoea agglomerarts- (synonyms:Erwinia herbicola, Enterobacter agglomerapgAl, A3, A5), Pseudomonaspp. (C3) Rahnella
aquatilis+ (A3-A5, B), Rahnellaspp.+ (A2-A5, B).

Bacilli: Bacillus cereugA, C), Bacillus megateriurfA, C, D), Bacillus subtilis (A, B, C, D),Bacillus licheniformigC), Bacillusspp. (A, B, C, D).

Corynebacteria: Arthrobacter globiformi¢ (A, B, C2, C3), Arthrobacter spp. (A, B, C, D),Brevibacterium linens (A, B, D2, D3),
Brevibacterium helvolurfA, C3), CorynebacteriunpseudodiphteriticunfA5, C1, C3, D3)Corynebacterium xeros{€1), Corynebacteriunspp.
(A, B, C, D),Microbacterium lacticuntA, B, C3).

Other mesophilic bacteria: Lactobacillusspp. (B, D3),Micrococcusluteus (A), Micrococcusspp. (A, B, C, D1-D4)Nocardia spp. (Al),
Rhodococcuspp. (C2) Staphylococcus epidermidid, D), Staphylococcuspp. (A, B, C, D)Streptococcus lacti€C3), Streptococcuspp. (A5,
C, D1-D3),Streptomyces albdqAl, A2, A4), Streptomycespp. (A, B, C, D).

Thermophilic actinomycetes: Saccharomonospora viridis(Al, A3, A4), Saccharopolyspora rectivirguta(synonyms: Faenia rectivirgula,
Micropolyspora faenj (A3), Thermoactinomyces vulgarts(A, C, D3-D5).

Fungi: Alternaria alternatat+ (Al-A4, A6, C), Aspergillus candidus+ (Al, A3-A6, C3), Aspergillus fumigatus+ (A, B, C1, D3, D6)

Aspergillus repeng§Al, A3-A5), Botryotrichumspp. (Al),Botrytis cineregD5), Candidaspp* (A, B), Cephalosporium glutineut3, D1-D5),

Geotrichum candidunfA3-A5), Monosporium olivaceunfA1-A2), Monosporiumspp. (Al),Mucor spp.* (Al, A4, B, C1, C2, D1, D3-D5),
Paecilomycesspp. (A2, D4),Penicillium citrinum*+ (C3), Penicillium spp.*+ (A, C, D1-D3, D5) Rhinocladiopsisspp. (A3), Rhizopus
nigricans* + (A5), Rhodotorulaspp. (C1, C2)Trichodermaalbum(B), Trichoderma viridé (A1, A2, A6, B, C3, D5),Trichothecium roseumn)
(A5, A6).

Sites of isolation are given in parentheses. Quoting only the letter attributed to particular sawmill (“A”, “B”, “C” or “D”, without numbers) means that
the species was isolated from all sampling sites within sawmill. The names of the 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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Figure 3. Peritrichous bacterium determined as Rahnella sp. isolated from the air of sawmill “A” processing pine at first-cut frame sawing (strain TR-
2). EM preparation shadowed with silica oxide, x 17,000. Photograph by Dr Barbara Urbanowicz, Laboratory of Electron Microscopy, Institute of
Pediatrics, Collegium Medicum of Jagiellonian University, Krakow.

fungi of the specieBenicillium citrinumwhich constituted exceeded the level of 1.0 x“dfu/n® (Tab. 2). The
52.3% of the total microflora of the air (Fig. 3). It was theommonest microorganisms were funGephalosporium
only case of secondary infection of wood products founglutineum, Botrytis cinerea, Penicilliuapp.), endospore-
in the course of the present study. It was confirmed by thferming bacilli Bacillus spp.) and corynebacteria
dilution plating analysis of the samples of settled dugArthrobacterspp.,Corynebacteriunspp.) (Fig. 3). Similar
from the room where parquet boards were sorted (data tot sawmills processing coniferous wood, thermophilic
shown) which revealed a high contamination of dust witactinomycetes and lactobacilli occurred in only small
the spores oPenicillium citrinum(1.2 x 10 cfu/g, 97.2% quantities (Tab. 2).
of total microflora). At the remaining seven sampling The values of the respirable fraction of airborne
sites in the sawmills processing deciduous wood, the totalcroflora in all sawmills (both processing coniferous and
concentration of microorganisms was low and neveteciduous wood) varied within fairly wide limits and
were between 22.5-86.6%. For reason unknown, these
Table 4.Concentrations of dust and bacterial endotoxin in the air of wyere  unusually higher at lower concentrations of
sawmills processing coniferous wood. microorganisms andce versa
In the air samples taken in the examined sawmills 34

Plant, sampling site Concentration of Conceg;?é't%?dﬂf species or genera of bacteria and 21 species or genera of
(mean, mg/i) (mean, pgiy  fungi were identified, of these, 13 and 9 species or genera

respectively were reported as having allergenic and/or

Sawmill “A” processing pine immunotoxic properties [20, 25, 26, 38, 42, 43, 52] (Tab.
A3. First-cut frame sawing 153 3). These figures are certainly an underestimation, as a

part of bacterial and fungal strains could be identified
Sawmill “B” processing fir only to the generic level. . _
Table 4 presents the concentrations of airborne dust and

B1. First-cut frame sawin 68.9 . . . . .
9 endotoxin which were determined on two sampling sites
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in the samills processing coniferous wood (Tab. 4). Thassociated with organic dusts. Nevertheless, cases of
stated values were high, posing a potential risk of elicitirglergic alveolitis caused birthrobacter globiformisand
inflammatory reaction in the lungs of workers exposed tBrevibacterium linenswere reported [52] and the
the inhalation of sawdust from pine or fir [14, 25, 60].  involvement of peptidoglycan produced by these bacteria
in causing ODTS cannot be excluded.
DISCUSSION Workers engaged in first-cut frame sawing of pine were
exposed mostly to Gram-negative bacteria which prevailed
The woodworkers in the examined Polish sawmills aiie the airborne microflora on this working stand.
exposed to the concentrations of airborne microorganissminant isolates, preliminarily determinedeagerobacter
of the order 18-10' cfu/n, comparable with the degreesp. [17, 19], were finally identified as belonging to the
of exposure found in the sawmills located in various partewly described genudRkahnella, closely related to
of the world [1, 2, 10, 13, 50, 51, 65]. HigherEnterobacter[35, 41]. The ecological position of this
concentrations of microorganisms were reported frogenus, comprising so far only one speckRahnella
Scandinavian sawmills where wood products weraquatilis is as yet poorly known. It was isolated from
secondarily infected by moulds [27, 28, 37, 40], as well agater, soil, breweries and humans [35]. Our observations
from some agricultural facilities, such as grain storing amtesented in this paper and another report [55] indicate
processing plants, animal feed factories, animal farms [24at wood represents a novel, important ecological niche
29]. Because to date there are no internationaltf Rahnella. The typical milieu of these bacteria is
recognized Occupational Exposure Limit (OEL) valuesapwood, mostly of pine, where its concentration may
for bioaerosols, the results obtained in the present wamkach a level of f0cfu per gram [19]. These bacteria
could be compared only to the proposals raised hyere also isolated by us from the wood of European
particular authors. The OEL value of 10 ¥ tu/n? for beech Fagus sylvaticy silver fir (Abies alba and
total airborne micoorganisms proposed by Malnebal. Norwegian spruceRicea excelsg[55, unpublished data].
[49] and the OEL values of 1 x 4@fu/n? for airborne Among the Rahnellaisolates from wood, a part show
Gram-negative bacteria proposed by Clark [6] antypical properties oRahnella aquatilisbut the majority
Malmroset al.[49] were exceeded on five sampling site®f strains reveal some different features and it cannot be
out seven examined in the sawmills processing coniferoescluded that they represent a new taxon.
wood and on one site out eight examined in sawmills It was found that the strains Blahnellaisolated from
processing deciduous wood. Nowhere was the OEL valuemod produce endotoxin possessing strong biological
of 100 x 18 cfu/nm® proposed for total airborne activity [18]. In an inhalation experiment in rabbits, the
microorganisms by Dutkiewicz and Jablonski [20, 24] endotoxin of Rahnella induced strong immunologic
exceeded and on one site, at first-cut frame sawing of piresponse with significant elevation of cytokine levels
logs, was exceeded the OEL value of 20 % éfu/n® [61]. The presence of these bacteria producing strong
proposed by these authors for Gram-negative bacter@ndotoxin, may explain, at least in part, the increased
These figures indicate that the risk of exposure toronchial responsiveness in workers sawing Scots pine,
microorganisms is usually greater in sawmills processirdgscribed by Malmbergt al. [48]. Scots pine is one of
coniferous wood compared to those processing decidudhe most common industrial woods in Europe and hence
wood. Nevertheless, this rule is not always valid, as in tiee problem of the protection of sawyers against the
course of other work we have found greater concentratiendotoxin produced byRahnellais an important one.
of Gram-negative bacteria in the air of sawmill processinighaled endotoxin may cause non specific inflammatory
beech wood compared to that processing pine wood [55feaction in the lungs and ODTS symptoms [2, 8, 11, 14,
The greatest degree of risk, associated both with tb&, 60]. BesidesRahnella spp., also other species of
concentration and composition of airborne microflora waandotoxin-producing Gram-negative bacteriarftoea
found on two working stands in the sawmill processinggglomerans, Enterobacterspp., Klebsiella spp.,
pine wood and on one working stand in the sawmiPseudomonaspp.) may develop in the sapwood and
processing oak wood. The elevated risk related teeartwood of stored timber logs from various species of
processing pine occurred at debarking and first-cut frangeniferous and deciduous trees [3, 21, 22, 36, 54, 55].
sawing. In both cases the risk was due to primaBacteria developing in wood tissues release, by the
infection of stored pine logs with microorganisms whicliragmentation of outer membrane, abundant guantities of
later, during processing of logs, were released togethtbe endotoxin-containing globular particles, measuring
with sawdust into the air of breathing zone. The peop&0-50 nm in diameter [22, 54].
working at debarking were exposed mostly to moulds of A potential health hazard created by endotoxin-
the speciedspergillus fumigatusnd to corynebacteria. producing bacteria for sawmill workers has been
Aspergillus fumigatuss a known hazardous agent whichconfirmed by finding high concentrations of airborne
may cause allergic alveolitis, asthma, and pulmonagndotoxin in the sawmills processing coniferous wood.
aspergillosis [20, 42, 43]. Much less is known about thEhe stated values exceeded 1.5-40 times the OEL values
potentially pathogenic properties of corynebacteriaf 0.1-0.2 pg/r proposed by Clark [6], Rylander [60]
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and Malmroset al. [49] and 60-800 the OEL value of 5 7. Cowan ST, Steel KManual for the Identification of Medical

cteria.University Press, Cambridge 1965.
ng/m°’ proposed by DECOS [14]. These values were alﬁ?& Crook B, Olenchock SA: Industrial workplacds: Cox CS,

higher compared tO.the results ObFained by _Dennek&mp\Nathes CM (Eds)Bioaerosols Handbogks31-545. CRC Press, Boca
al. [11] and Duchaineet al. [13 ] in Canadian lumber Raton 1995.

mills, and by Alwiset al.[2] and Mandryket al.[50, 51] 9. Demers PA, Teschke K, Kennedy SM: What to do about softwood

; ; ; ; ust? A review of respiratory effects and recommendations regarding
in Australian sawmills, which may be due both tdéx osure limitsAm J Ind Med 997:31, 385-398.

geographical differences and.tO more advanced tthnOIOg 0. Demers PA, Kennedy SM, Teschke K, Davies H, Bartlett K:
and lower dust concentrations in the Canadian ammlposure to wood and microorganisms and respiratory disease among
Australian facilities. sawmill workersln: 12th International Symposium on Epidemiology in
The only observed case of increased microbial polluti(ﬁf”pagona' Health (ISEOH), Harare, Zimbabwe, 16-19 September
7 . . 97, Abstracts38.
of the air in oak processing sawmills was due to the 11 pennekamp M, Demers PA, Bartlett K, Davies HW, Teschke K:

secondary infection of the raw parquet boards which weEadotoxin exposure among softwood lumber mill workers in the
stored on open air for 69 months. The boards wefanadian province of British Columbiann Agric Environ Med 999,

. L . . . 6, 141-146.
colonised by mould#enicillium citrinum posing a risk 12. De Zotti R, Gubian F: Asthma and rhinitis in wooding workers.

of allergy to the workers handling the contaminategjiergy Asthma Prod996,17, 199-203.
boards and inhaling airborne spores [26, 42, 43, 67]. 13. Duchaine C, Meriaux A, Thorne PS, CormierAssessment of
particulates and bioaerosols in eastern Canadian sawAmildnd Hyg
Assoc 2000,61, 727-732.
CONCLUSION 14. Dutch Expert Committee on Occupational Standards (DECOS):
Endotoxins, Health-based Recommended Occupational Exposure Limit.
The workers of Polish sawmills may be exposed &ezondheidsraad, The Netherlands 1998.

some working stands to airborne microorganisms posingl>: Dutkiewicz J, Kwapiszewski C: Nowy aparat do badania mikro-
brjlogicznego zanieczyszczenia powietrza (New sampler for microbiological

respwatqry haz_ard' of Wh'Ch the greatest risk represef}hmination of the airpchrona Powietrzd975 9(2) 37-42 (in Polish).
allergenic fungi developing on bark of logs or stored 16. Dutkiewicz J: Exposure to dust-borne bacteria in agriculture. |.

wood products and endotoxin-producing Gram-negativenvironmental studiesrch Environ Health1978,33, 250-259.

; ; ; 17. Dutkiewicz J: Bacteria and fungi in wood dust as occupational
bacteria of the genuBahnella developing in sapwood of allergensVIth Czechoslovak Congress of Pneumology and Phtisiology,

coniferous logs. Vy&né Hagy, 29-31 May 1985, Abstracta |
18. Dutkiewicz J, Skorska C, Sitkowska J, Ochalska B, Kaczmarski
F: Properties of the endotoxins produced by various gram-negative
bacteria present in occupational environmeints.Rylander R, Burrell
The authors wish to thank Dr. Peter B. Smith from th&, Peterson Y (Eds): Proceedings of Endotoxin Inhalation Workshop,
Centers for Diseases Control in Atlanta for helpful advic&87-189. National Cotton Council, Memphis 1988.

concemning the taxonomic position Bahnellaisolates and for jgéir'?)‘;tr'r‘]i:";ig\fv dJijsEia‘iateF[EéL“dﬂgio‘j‘g:aer”ggoﬂg\j\:‘eﬁ;%regéiTé’gsr)'_ogs
performing identification tests. Thanks are additionally due tgiodeterioration Research 833-547. Plenum P’ress, New York 1989.
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