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INTRODUCTION

Agriculture and related industries belong to the most 
hazardous occupations [1, 17, 28]. Workers involved in 
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Abstract: The objective of present work was to determine and compare the components 
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and peptidoglycan. Total concentrations of viable airborne microorganisms ranged from 
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observed at fl ax farms, in grain elevators and in a herb processing plant. Gram-positive 
bacteria and fungi were detected at all sampling sites and their median concentrations 
were respectively 18.1 × 103 cfu/m3 and 0.66 × 103 cfu/m3. The concentration of Gram-
negative bacteria ranged from 0.0–168.0 × 103 cfu/m3. The concentration of thermophilic 
actinomycetes ranged from 0.0–1.45 × 103 cfu/m3. Qualitatively, Gram-positive bacte-
ria constituted 23–93% of the total microbial count. The most common species were: 
Staphylococcus spp., Curtobacterium pusillum, Rhodococcus fascians, Aureobacterium 
testaceum, Sanguibacter keddieii, Microbacterium spp., and Bacillus spp. Gram-negative 
bacteria formed 0–48% of the total count. The species Pantoea agglomerans dominated 
in all examined air samples. Fungi constituted 2.5–76.9% of the total microbial count. 
Among them, Penicillium spp., Mucor spp., Alternaria spp., Aspergillus niger, and As-
pergillus spp. were found. The dust concentration ranged from 0.18–86.9 mg/m3. The 
concentration of endotoxin was large and ranged from 0.0041–1562.6 μg/m3. Muramic 
acid, the chemical marker of peptidoglycan, was detected in 9 out of 13 (69.2%) collected 
samples. The concentration of peptidoglycan ranged from 1.93–416 ng/m3. A highly sig-
nifi cant correlation was found between the individual components of bioaerosol deter-
mined in this study. The concentration of endotoxin was correlated with the concentration 
of Gram-negative bacteria, total microorganisms, and peptidoglycan (R>0.9, p<0.001). 
The concentration of peptidoglycan was correlated with the concentration of Gram-posi-
tive bacteria, Gram-negative bacteria, and total microorganisms (R>0.9, p<0.001).
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cultivating, harvesting, storing or processing of agricul-
tural products may be exposed, via the respiratory route, to 
a wide range of airborne biological agents such as micro-
organisms, endotoxin, peptidoglycan, glucans, lipoteichoic 
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acid, and allergens. This complex and heterogeneous mix-
ture of particles is collectively regarded as bioaerosols [1, 
14, 15, 17, 20, 26, 51, 59]. The concentration of bioaero-
sols at a work place may vary between different sectors of 
production, but in most branches of agricultural industry it 
often exceeds existing recommended limits [1, 10, 11, 12, 
20, 26, 51]. Inhalation of high levels of bioaerosols may 
lead to lung function decline and the rise of respiratory 
diseases such as asthma, chronic obstructive pulmonary 
diseases (COPD) or allergic alveolitis [9, 28, 46]. Endo-
toxin (LPS), the major constituent of the outer membrane 
of Gram-negative bacteria, has been recognised as impor-
tant but not the only causative agent of both short-term and 
long-term effects on human health [55]. 

There is also a growing evidence of modifying infl am-
matory effects of other components of bioaerosols such 
as peptidoglycan (PGN). Chemically, peptidoglycan is a 
polymer formed by (1,4) linked N-acetylglucosamine and 
N-acetylmuramic acid. It is a main cell wall component 
of almost all bacteria, especially Gram-positive bacteria. 
Although the biological potency of PGN is much lower 
compared to endotoxin, inhalation of this substance may 
result in the increased infl ux of polymorphonuclear cells 
into the alveolar compartment, and the local production of 
proinfl ammatory cytokines and chemokines, such as TNF-
α, which may have pirogenic properties [30, 31, 56]. The 
epidemiologic study by Zhiping et al. [61] confi rmed that 
inhalation of PGN from swine-dust may cause a fever. On 
the other hand, in vitro study demonstrated that PGN can 
inhibit human mast cells development from pluripotent 
progenitor cells CD34+, and decreases the number of ma-
ture mast cells in culture by stimulation of apoptotic pro-
cesses [23]. Therefore, the environmental exposure to PGN 
could be protective from asthmatic symptoms, as shown in 
epidemiologic studies [57, 60]. Moreover, the animal stud-
ies carried recently by Murphey et al. [40, 41] showed that 
exposure to PGN may induce resistance to Gram-positive 
and Gram-negative bacteria challenge, induce cross-toler-
ance to LPS, and non-specifi cally enhance innate immune 
functions. This suggests that airborne PGN may modify in-
fl ammatory reaction to other components of bioaerosol. 

During the last two decades, occupational exposure to 
endotoxin has been intensively studied [13, 29, 42, 46, 48, 
53]; however, there is only scant evidence of exposure to 
peptidoglycan at a work place [22, 24, 29]. The objective 
of our study was to determine and compare the concentra-
tion of airborne dust, microorganisms, endotoxin and pepti-
doglycan in several sectors of plant processing industries. 
This is the fi rst study assessing exposure to peptidoglycan 
in Poland. 

MATERIAL AND METHODS

Examined facilities. The study was conducted in 10 fa-
cilities located in eastern Poland, engaged in the processing 
of agricultural plants’ products. The following plants were 

included in our study: herb processing plant “P”, grain 
mills (“D”, “M”, and “W”), fl ax farms (“S” and “K”), grain 
elevators (“T” and “L”), bakery “L”, plant producing cere-
als from barley “L”. The air samples were taken on fi lters 
by the use of an AS-50 sampler (TWOMET, Zgierz, Po-
land), at the fl ow rate of 50 l/min. Glass fi bre fi lters, with 1 
μm pore size and 37 mm diameter were used. At each site, 
3 samples were collected: 1 for the determination of mi-
croorganisms’ concentration and composition, the second 
for the determination of dust and endotoxin concentration, 
and the third for determination of peptidoglycan concen-
tration. The concentration of dust in the air was estimated 
gravimetrically from the difference between weight of the 
fi lter measured before and after sampling. The measure-
ments were performed on 2 consecutive days, during daily 
performance, on the sites showing exposure typical for 
examined branches. The air samples were collected dur-
ing: • cleaning, crumbling and granulating the peppermint 
leaves at the herb plant “P”; • threshing fl ax in the barns 
(farm “S” and “K”); • sacking wheat brans (mill “W”); 
• pouring cleaned wheat grain (mill “D”); • production of 
semolina, half-product for the production of noodles (mill 
“M”); • transport of uncleaned wheat grain (elevators “T” 
and “L”); • sieving the rye fl our (bakery “L”); • production 
of pearl barley (cereals producing plant).

Determination of the concentration of microorgan-
isms in the air. The concentration and species composi-
tion of microorganisms in collected air samples were de-
termined by dilution plating. The fi lters were extracted in 
5 ml of sterile saline (0.85% NaCl) with 0.05% Tween 80, 
and after shaking, serial 10-fold dilutions were made. The 
0.1 ml aliquots of each dilution were spread on duplicate 
sets of the 4 following media: blood agar for estimation of 
Gram-positive mesophilic bacteria, eosin methylene blue 
agar (EMB agar, Merck, Darmstadt, Germany) for estima-
tion of Gram-negative mesophilic bacteria, half-strength 
tryptic soya agar (Trypticase Soy Agar, Difco, Baltimore, 
MI, USA) for estimation of thermophilic actinomycetes, 
and malt agar (Malt Agar, Difco, Baltimore, MI, USA) for 
estimation of fungi. The incubation conditions have been 
described earlier [6, 15]. Blood agar plates and EMB agar 
plates were incubated for 1 day at 37°C, then 3 days at 
room temperature (22°C), and fi nally 3 days at 4°C. The 
prolonged incubation at lower temperatures aimed to iso-
late as wide a spectrum of bacteria as possible. The tryptic 
soya agar plates were incubated for 5 days at 55°C. The 
malt agar plates were incubated for 4 days at 30°C, and for 
next 4 days at 22°C. After incubation, the grown colonies 
were counted and differentiated and the results reported as 
cfu per 1 cubic metre of air (cfu/m3). The total concen-
tration of microorganisms in the air was estimated by the 
addition of the concentrations of Gram-positive bacteria, 
Gram-negative bacteria, thermophilic actinomycetes and 
fungi. Bacterial isolates were identifi ed with microscopic 
and biochemical methods as recommended by Bergey’s 
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Manual [25, 52, 59]. Additionally, the selected isolates 
were identifi ed with microtests: API Systems 20E and NE 
(bioMérieux, Marcy l’Etoile, France) and BIOLOG Sys-
tem (Biolog, Inc., Hayward, CA, USA). The species com-
position of isolated fungi was identifi ed by microscopic 
methods according to Barron [2] and Litvinov [33].

Determination of the concentration of endotoxin in 
the air. The air samples for the detection of endotoxin were 
stored at -20°C until further processing. Concentration of 
bacterial endotoxin was determined by the Limulus ame-
bocyte lysate (LAL) gel clot test [32]. The fi lters were ex-
tracted for 1 hour in 10 ml of pyrogen-free water at room 
temperature, heated to 100°C in a Koch apparatus for 15 
min (for better dissolving of endotoxin and inactivation of 
interfering substances), and after cooling, serial dilutions 
were prepared. The 0.1 ml dilutions were mixed equally 
with the “Pyrotell” Limulus reagent (Associates of Cape 
Code, Falmouth, MA, USA), The test was incubated for 
1 hour in a water bath at 37°C, using pyrogen-free water 
as a negative control and the standard lipopolysaccharide 
(endotoxin) of Escherichia coli 0113:H10 (Difco) as posi-
tive control. The formation of a stable clot was regarded as 
a positive result. The estimated concentration of endotoxin 
in the airborne dust (ng/mg) was multiplied per estimated 
concentration of dust in the air (mg/m3) and the results 
reported as micrograms of the equivalents of the E. coli 
0113:H10 endotoxin per 1 m3 of air. To convert to Endo-
toxin Units (EU), the value in micrograms was multiplied 
by 10,000. 

Determination of the concentration of peptidoglycan 
in the air. The concentration of muramic acid (MuAc, the 
chemical marker of peptidoglycan) in collected air sam-
ples was estimated by gas chromatography – tandem mass 
spectrometry (GC-MS/MS) technique. The analyses were 
carried out at the Department of Laboratory Medicine, 
Division of Medical Microbiology, Lund University, Swe-
den. The air samples were frozen at -20°C, until the time 
of analyses. 

The test was performed as described previously [49, 54]. 
Briefl y, the dust samples were heated overnight at 85°C in 
2 M methanolic HCl. This procedure resulted in the release 
of chemical markers from larger bacterial structures. Next, 
the internal standard (13 C-labelled MuAc in a methanoly-
sate of 13 C-labelled algal cells) was added to each sample, 
and the mixture was extracted with 1 ml of heptane to re-
move hydrophobic compounds. The lower phase (contain-
ing more hydrophilic compounds) was evaporated to dry-
ness under nitrogen at 50°C and further dried under vacu-
um in a desiccator. The samples were acetylated by heating 
in a mixture of acetic anhydride and pyridine at 60°C for an 
hour. Then the reaction mixtures were evaporated and dis-
solved in dichloromethane, and subsequently washed with 
0.05 M HCl and water. The samples were evaporated to 
dryness, dissolved in chloroform and analysed. 

The prepared samples were analysed using Saturn 2000 
ion trap GC-MS instrument (Varian, Palo Alto, CA, USA) 
equipped with a fused-silica capillary column (CP-Sil 8 
CB, low bleed, 0.25 μm fi lm thickness, 30 m, 0.25 mm 
i.d.) (Chompack, Middelburg, The Netherlands). Volume 
of 2 μl was injected in the splitless mode with a helium 
head column pressure of 69 kPa using the Combi Pal auto 
sampler. The temperature of the column was programmed 
from 90–280°C, the temperature of the injector was 280°C, 
of the ion trap 220°C, and of the transfer line 290°C. All 
analyses were made in electron impact mode [49]. The 
results are shown as the amount of peptidoglycan per the 
cubic meter of air (ng/m3). The calculations were made 
based on the fact that muramic acid constitutes about 15% 
of peptidoglican. 

Statistical analysis. The data were analysed by Kol-
mogorov-Smirnov test for distribution. Not-normal distrib-
uted data were analysed with Mann-Whitney and Spear-
man’s tests. The analyses were conducted using Statistica 
for Windows v. 5.0 package (Statsoft©, Inc., Tulsa, Okla-
homa, USA). 

RESULTS

The microbial pollution of the air of examined plants 
and farms is presented in Table 1. Concentrations of the 
total viable airborne microorganisms ranged from 0.18– 
861.4 × 103 cfu/m3 (median 25.6 × 103 cfu/m3). The highest 
microbial contamination of the air was observed on fl ax 
farms (median 630.9 × 103 cfu/m3), in elevators (median 
49.7 × 103 cfu/m3) and in herb processing plant (median 
26.0 × 103 cfu/m3). Gram-positive mesophilic bacteria and 
fungi were detected at all sampling sites, and their median 
concentrations were respectively 18.1 × 103 cfu/m3 (range 
0.045–724.0 × 103 cfu/m3) and 0.66 × 103 cfu/m3 (range 
0.03–80.6 × 103 cfu/m3). 

Gram-positive bacteria constituted 23–93% of the total 
microbial count (Fig. 1). The most common species found 
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Figure 1. Composition of airborne microfl ora in different sectors of plant 
processing industry. 
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in the examined air samples were: Staphylococcus spp. 
Curtobacterium pusillum, Rhodococcus fascians, Aureo-
bacterium testaceum, Sanguibacter keddieii, Microbacte-
rium spp., Bacillus spp. Some mesophilic actinomycetes 
such as Streptomyces albus and Streptomyces spp. were 
also found. 

Gram-negative bacteria were detected in 77% of collect-
ed air samples, and formed 0–48% of the total count. Their 
concentration ranged from 0–168.0 × 103 cfu/m3 (median 
1.9 × 103 cfu/m3). The highest concentrations were detected 
on fl ax farms (median 112.2 × 103 cfu/m3) and in elevators 
(median 20.45 × 103 cfu/m3). No Gram-negative bacteria 
were found in the air during fl our and barley processing. 
The species Pantoea agglomerans dominated in all air 
samples where the growth of Gram-negative bacteria was 
observed. In addition, the species of Enterobacter amnige-
nus, Pseudomonas spp., Sphingomonas paucimobilis, Fla-
vimonas oryzihabitans and Rahnella aquatilis were also 

found. The concentration of thermophilic actinomycetes 
ranged from 0–1.45 × 103 cfu/m3 (median 0.1 × 103 cfu/m3).
The species Thermomonospora fusca, Thermoactinomyces 
thalpophilus, and Thermoactinomyces vulgaris prevailed 
among thermophilic actinomycetes. 

Fungi constituted 2.5–76.9% of the total microbial count. 
They dominated only at one sampling side (in mill “M” at 
semolina production). Among fungi, we identifi ed Penicilli-
um spp., Mucor spp., Alternaria spp., Aspergillus niger, As-
pergillus penicillioides, Aspergillus spp., Ulocladium spp., 
Fusarium spp., Rhizopus spp., and Scopulariopsis spp.

The concentrations of airborne dust, endotoxin and 
muramic acid, the chemical marker of peptidoglycan, are 
presented in Table 2. In general, the airborne dust concen-
tration at all examined workplaces ranged from 0.18–86.9 
mg/m3 (median 6.27 mg/m3), being the highest during fl ax 
threshing (median 53.2 mg/m3), fl our processing (median 
15.82 mg/m3) and grain storing ( median 6.52 mg/m3). The 

Table 1. Concentrations of microorganisms in the air (cfu ×103/m3) during processing of different plant products. 

Type of production, 
facilities

Activity Mesophilic bacteria Thermophilic 
actinomycetes

Fungi Total 
microorganismsGram-positive Gram-negative

Herb processing

Plant “P” Production of granulates from 
the peppermint leaves

52.5 19.0 0.21 5.1 76.8

Cleaning and crumbling of 
the peppermint leaves

9.0 0.1 0.1 0.46 9.7

Cleaning of the peppermint 
leaves (1)

19.4 1.9 0.38 3.9 25.6

Cleaning of the peppermint 
leaves (2)

23.6 2.0 0.1 0.66 26.4

Median 21.5 1.95 0.16 2.28 26.0

Flax processing

Farm “S” Flax threshing 724.0 56.4 0.44 80.6 861.4

Farm “K” Flax threshing 183.0 168.0 1.45 48.0 400.4

Median 453.5 112.2 0.95 64.3 630.9

Grain processing

Mill “W” Sacking wheat brans 0.975 0.79 0.0 0.45 1.8

Mill “D” Pouring cleaned wheat grain 0.345 0.075 0.0 0.03 0.45

Mill “M” Production of semolina 0.045 0.0 0.0 0.15 0.19

Median 0.345 0.075 0 0.15 0.45

Grain storing

Elevator “T” Transport of uncleaned wheat 
grain

35.1 35.5 0.3 3.0 73.7

Elevator “L” Transport of uncleaned wheat 
grain

18.1 5.4 0.345 1.96 25.8

Median 26.6 20.45 0.32 2.48 49.7

Flour processing

Bakery “L” Sieving the rye fl our 0.56 0.0 0.0 0.18 0.74

Barley processing 

Plant “L” Production of pearl barley 0.1 0.0 0.01 0.07 0.18

Total (median, range) 18.1
(0.045–724.0)

1.9 
(0.0–168.0)

0.1 
(0.0–1.45)

0.66 
(0.03–80.6)

25.6 
(0.18–861.4)
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lowest exposure to dust (0.18 mg/m3) was recorded dur-
ing barley processing. However, it must be noticed that 
only one plant was examined in this sector, so it may be 
not representative for the whole barley processing branch. 
Overall, almost 70% of the measurements exceeded Polish 
OEL of 4 mg/m3 [43]. 

The median concentration of endotoxin in the air of the 
examined plants was large and amounted to 41.7 μg/m3. The 
values varied within wide limits (0.0041–1562.6 μg/m3)
between different branches. The highest concentrations of 
airborne endotoxin were detected in the fl ax sector (me-
dian 881.4 μg/m3), and in the grain storing sector (234.0 
μg/m3). The proposed exposure limit of 0.2 μg/m3 [21] was 
exceeded in all branches except barley processing. 

Muramic acid, the chemical marker of peptidoglycan, 
was detected in 9 out of 13 (70%) collected samples. In 4 
collected air samples the concentration of dust was so high 
that amount of muramic acid could not be estimated, even 
after 3-fold dilution of the samples in chloroform. In gen-
eral, the concentration of muramic acid ranged from 0.29–
62.4 ng/m3 (median 10.8 ng/m3) while the concentration 

of recalculated peptidoglycan ranged from 1.93–416.0 ng/
m3 (median 72.0 ng/m3) (Tab. 2). The highest amounts of 
peptidoglycan were recorded during fl ax processing, grain 
storing and herb processing. 

A highly signifi cant correlation was found by Spearman’s 
test between the individual components of bioaerosol de-
termined in this study. The concentration of endotoxin was 
correlated with the concentration of Gram-negative bacteria, 
total microorganisms, and peptidoglycan (R>0.9, p<0.001). 
The concentration of peptidoglycan was correlated with the 
concentration of Gram-positive bacteria, Gram-negative 
bacteria, and total microorganisms (R>0.9, p<0.001).

DISCUSSION

The present study demonstrates that workers employed 
in a broad spectrum of plant processing agricultural indus-
try facilities in Poland may be exposed to large concentra-
tions of microorganisms, dust, endotoxin and peptidogly-
can. There was a considerable variability in exposure be-
tween examined sectors of agriculture. Overall, the highest 

Table 2. Concentrations of dust, bacterial endotoxin and peptidoglycan in the air during processing of different plant products. 

Type of production, facilities Activity Dust 
[mg/m3]

Endotoxin 
[μg/m3]

Muramic acid 
(Peptidoglycan) 

[ng/m3]

Herb processing

Plant “P” Production of granulates from the peppermint leaves 68.33 62.5 N.d.

Cleaning and crumbling of the peppermint leaves 2.22 41.7 10.3(68.7)

Cleaning of the peppermint leaves (1) 4.22 41.7 10.9 (72.6)

Cleaning of the peppermint leaves (2) 4.53 42.7 10.8 (72.0)

Median 4.37 42.2 10.8 (72.0)

Flax processing

Farm “S” Flax threshing 19.52 200.3 62.4 (416.0)

Farm “K” Flax threshing 86.9 1562.6 N.d.

Median 53.2 881.4 62.4 (416.0)

Grain processing

Mill “W” Sacking wheat brans 20.57 3.2 N.d.

Mill “D” Pouring cleaned wheat grain 0.47 0.00625 2.4 (15.0)

Mill “M” Production of semolina 0.37 0.29 0.47 (3.13)

Median 0.47 0.29 1.43 (9.53)

Grain storing

Elevator “T” Transport of uncleaned wheat grain 6.27 156.3 38.4 (256.0)

Elevator “L” Transport of uncleaned wheat grain 6.77 312.5 20.1 (134.0)

Median 6.52 234.0 29.5 (196.7)

Flour processing

Bakery “L” Sieving the rye fl our 15.82 8.34 N.d.

Barley processing

Plant “L” Production of pearl barley 0.18 0.0041 0.29 (1.93)

Total (median, range) 6.27 
(0.18-86.9)

41.7 
(0.0041-1562.6)

10.8(0.29-62.4) 
72.0 (1.93-416.0)

N.d. – not determined
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levels of microbial air contamination were found during 
primary processing of raw plant material such as fl ax, 
herbs and grain. The recorded concentrations of airborne 
microorganisms in these sectors were of the order of 104–
105 cfu/m3, comparable to microbial pollution observed in 
such hazardous sectors as animal production [12, 34] or 
potato processing [18]. Flax threshing especially seems 
to generate the greatest hazards to the health of exposed 
workers as during this occupation the highest concentra-
tions of all types of microorganisms were detected. This 
data is in line with a previous study conducted in this sector 
of agriculture by Krysińska-Traczyk et al. [26]. It must be 
noticed, however, that both in the quoted study and in our 
work the samples were taken on small private farms, where 
the old types of threshing machines were used.

The concentrations of airborne microorganisms found in 
the present study in the herb processing sector were one 
order of magnitude lower compared to microbial pollution 
detected in a previous study carried out in herb processing 
plants 20–25 years ago [15], and 2 orders of magnitude 
lower compared to exposure found on herb farms engaged 
in processing peppermint [51]. Similarly, the concentra-
tions of airborne microorganisms found in the present 
study in the big grain storing and processing plants were 
1–2 orders of magnitude lower compared to those recorded 
30–35 years ago in the similar facilities located in the same 
area of Poland [6, 8]. The above-mentioned data suggest 
the signifi cant improvement of working conditions and 
marked progress in the reduction of airborne biohazards 
in the big Polish agricultural industry facilities after the 
change of the economic system in the last 20 years. 

As, so far, there are no internationally recognised Oc-
cupational Exposure Limit (OEL) values for bioaerosols, 
the results obtained in the present work could be compared 
only to the proposals raised by particular authors. As re-
gards total viable airborne microorganisms, the OEL value 
proposed by Dutkiewicz and Jabłoński (100 × 103 cfu/m3) 
[11] was exceeded only at 2 sampling sites associated with 
fl ax threshing while that proposed by Malmros et al. (10 
× 103 cfu/m3) [36] was exceeded at 7 out of 13 sampling 
sites, associated with fl ax threshing, herb processing and 
grain storage. The OEL value for airborne Gram-negative 
bacteria proposed by Dutkiewicz and Jabłoński [11] and 
Górny and Dutkiewicz [21] (20 × 103 cfu/m3) was exceed-
ed at 3 sampling sites associated with fl ax threshing and 
grain storage while that proposed by Clark [3] and Malm-
ros et al. [36] (1 × 103 cfu/m3) was exceeded at 7 sampling 
sites, associated with fl ax threshing, herb processing and 
grain storage. The OEL value proposed by Dutkiewicz and 
Jabłoński [11] and Górny and Dutkiewicz [21] for airborne 
fungi (50 × 103 cfu/m3) was exceeded only on 2 farms pro-
cessing fl ax, while nowhere was the OEL value proposed 
by these authors for airborne thermophilic actinomycetes 
(20 × 103 cfu/m3 ) exceeded.

Gram-positive bacteria dominated at all but 2 sampling 
sites, while Gram-negative bacteria and fungi dominated 

at 1 sampling site each. Gram-positive bacteria consisted 
mostly of corynebacteria and cocci which are so far poorly 
known as occupational pathogens. Among Gram-negative 
bacteria, the dominant species was the epiphytic bacterium 
Pantoea agglomerans (synonyms: Erwinia herbicola, En-
terobacter agglomerans) possessing strong endotoxic and 
allergenic properties [5, 27, 37, 38, 44, 47]. It has been 
documented that Pantoea agglomerans evokes a strong 
immunologic response in agricultural workers processing 
grain and herbs [7, 16, 19] and could be a cause of allergic 
alveolitis in these workers [9, 27, 35, 39]. The results of the 
present work confi rm the potential role of this bacterium as 
an occupational allergen in plant dust. Among fungi iso-
lated in the examined facilities, the representatives of the 
genera Aspergillus, Penicillium, and Fusarium may pose a 
hazard for exposed workers as a potential source of aller-
gens and mycotoxins (ochratoxin, zearalenon, fumonisins, 
nivalenol and others) [1, 11, 28]. 

The median concentrations of airborne dust and endo-
toxin were large, amounting to 6.27 mg/m3 and 41.7 μg/
m3, respectively. Both endotoxin and dust showed a large 
variability between different branches of agriculture. For 
dust, the Polish occupational exposure limit of 4 mg/m3 
[43] was exceeded at 9 out of 13 sampling sites (almost 
70%). The greatest concentrations of airborne dust were 
observed during production of herb granulates (68.3 mg/
m3), fl ax processing (19.5–86.9 mg/m3), sieving rye fl our 
in a bakery (15.8 mg/m3), and grain storage in elevators 
(6.3–6.8 mg/m3). The concentrations of airborne dust and 
endotoxin recorded in the present study were similar to or 
lower compared to earlier investigations conducted on Pol-
ish fl ax farms [26], in herb processing plants [15], on herb 
farms [50, 51], and during grain processing [10, 13], but 
much higher then those observed in the corresponding sec-
tors in the Netherlands [53]. 

As, to date, there is no legal occupational exposure limit 
(OEL) for endotoxin, the results obtained in the present 
work may be compared to some proposals based on health 
effects. Altogether, the concentrations of airborne endotox-
in exceeded at 11 out of 13 sampling sites (84.6%) the OEL 
values proposed by Clark [3] (0.1 μg/m3), Rylander [45] 
(0.1–0.2 μg/m3), Malmros et al. [36] (0.1 μg/m3), Górny 
and Dutkiewicz [21] (0.2 μg/m3), and Laitinen et al. [29] 
(0.025 μg/m3), and at 12 sites (92.3%) proposed by the 
Dutch Expert Committee on Occupational Standards (DE-
COS) [4] (0.005 μg/m3). At 10 out of 13 examined sites 
(76.9%), airborne endotoxin occurred in very large quan-
tities of the order 100–103 μg/m3, exceeding values sup-
posed to cause decrease of lung function over work shift 
and ODTS symptoms [46]. These data show that the work 
in most of plant processing facilities in Poland may be as-
sociated with a serious health hazard to the employees. 

The present study, providing the fi rst data on exposure to 
airborne muramic acid in Polish agriculture, showed rather 
low concentrations, ranging from 0.29–62.4, which corre-
spond to peptidoglycan concentration of 1.93–416 ng/m3.
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The highest levels were measured during fl ax threshing 
and grain storing. Compared to PGN concentrations re-
corded in the air of agricultural facilities in other countries, 
the present results are similar to those reported by Krahmer 
et al. [24], slightly lower compared to those reported by 
Laitinen et al. [29], and distinctly lower compared to those 
obtained by Jolie et al. [22] and Wang et al. [58]. 

To summarize, the results of this work suggest that al-
though viable bacteria may be largely inactivated during 
plant processing in modern facilities, the thermo resistant 
high molecular components of the cell wall, such as bacte-
rial endotoxin and peptidoglycan, persist in the work envi-
ronment and may pose a signifi cant hazard to the workers. 

Acknowledgements

This study was supported by the Polish Ministry of Science 
and Higher Education (Grant No. 2 P05D 06529). The skillful 
assistance of Ms. Wiesława Lisowska and Ms. Halina Wójtowicz 
at performing the study is gratefully acknowledged. 

REFERENCES

1. American Thoracic Society: Respiratory health hazards in agricul-
ture. Am J Respir Crit Care Med 1998, 158, s1-s76.

2. Barron GL: The Genera of Hyphomycetes from Soil. Williams & 
Wilkins, Baltimore 1968.

3. Clark CS: Report on prevention and control. In: Rylander R, Peter-
son Y, Donham KJ (Eds): Health Effects of Organic Dusts in the Farm En-
vironment. Proceedings of an International Workshop held in Skokloster, 
Sweden, April 23-25, 1985. Am J Ind Med 1986, 10, 267-273.

4. Dutch Expert Committee on Occupational Standards (DECOS): 
Endotoxins, Health-based Recommended Occupational Exposure Limit. 
Gezondheidsraad, The Netherlands 1998. 

5. Dutkiewicz J: Studies on endotoxins of Erwinia herbicola and 
their biological activity. Zbl Bakt Hyg I Abt Orig A 1976, 236, 487 508.

6. Dutkiewicz J: Exposure to dust-borne bacteria in agriculture. I. 
Environmental studies. Arch Environ Health 1978, 33, 250-259.

7. Dutkiewicz J: Exposure to dust-borne bacteria in agriculture. II. 
Immunological survey. Arch Environ Health 1978, 33, 260-270. 

8. Dutkiewicz J: Airborne bacteria as occupational allergens. In: 
Frankland AW, Stix E, Ziegler H (Ed): The 1st International Conference 
on Aerobiology, München 13-15 August 1978: Proceedings, 232-242. 
Umweltbundesamt Berichte 5/79. Erich Schmidt Verlag, Berlin 1980.

9. Dutkiewicz J, Kuś L, Dutkiewicz E, Warren CPW: Hypersensitiv-
ity pneumonitis in grain farmers due to sensitization to Erwinia herbicola. 
Ann Allergy 1985, 54, 65-67.

10. Dutkiewicz J: Microbial hazards in plants processing grain and 
herbs. Am J Ind Med 1986, 10, 300-302.

11. Dutkiewicz J, Jabłoński L: Biologiczne Szkodliwości Zawodowe 
[Occupational Biohazards]. PZWL, Warsaw 1989.

12. Dutkiewicz J: Bacteria and fungi in organic dust as potential health 
hazard. Ann Agric Environ Med 1997, 4, 11-16.

13. Dutkiewicz J, Krysińska-Traczyk E, Skórska C, Sitkowska J, 
Prażmo Z, Urbanowicz B: Exposure of agricultural workers to airborne 
microorganisms and endotoxin during handling of various vegetable 
products. Aerobiologia 2000, 16, 193-198. 

14. Dutkiewicz J, Krysińska-Traczyk E, Prażmo Z, Skórska C, 
Sitkowska J: Exposure to airborne microorganisms in Polish sawmills. 
Ann Agric Environ Med 2001, 8, 71-80.

15. Dutkiewicz J, Krysińska-Traczyk E, Skórska C, Sitkowska J, 
Prażmo Z, Golec M: Exposure to airborne microorganisms and endotoxin 
in herb processing plants. Ann Agric Environ Med 2001, 8, 201-211.

16. Dutkiewicz J, Skórska C, Milanowski J, Mackiewicz B, Krysińska-
Traczyk E, Dutkiewicz E, Matuszyk A, Sitkowska J, Golec M: Response 

of herb-processing workers to work-related airborne allergens. Ann Agric 
Environ Med 2001, 8, 275-283.

17. Dutkiewicz J, Górny R: Biologiczne czynniki szkodliwe dla zdrowia 
– klasyfi kacja i kryteria oceny narażenia. Med Pracy 2002, 53, 29-39.

18. Dutkiewicz J, Krysińska-Traczyk E, Skórska C, Cholewa G, 
Sitkowska J: Exposure to airborne microorganisms and endotoxin in a 
potato processing plant. Ann Agric Environ Med 2002, 9, 225-235. 

19. Golec M, Skórska C, Mackiewicz B, Dutkiewicz J: Immunologic 
reactivity to work-related airborne allergens in people occupationally ex-
posed to dust from herbs. Ann Agric Environ Med 2004, 11, 121-127.

20. Góra A, Skórska C, Sitkowska J, Prażmo Z, Krysińska-Traczyk 
E, Urbanowicz B, Dutkiewicz J: Exposure of hop growers to bioaerosols. 
Ann Agric Environ Med 2004, 11, 129-138. 

21. Górny RL, Dutkiewicz J: Bacterial and fungal aerosols in indoor 
environment in Central and Eastern European countries. Ann Agric Envi-
ron Med 2002, 9, 17-23.

22. Jolie R, Bäckström L, Gunderson P: Airborne contaminants and 
farmers health in swine farms with high and low prevalence of respiratory 
diseases in pigs. Ann Agric Environ Med 1998, 5, 87-92.

23. Kirshenbaum AS, Swindle E, Kulka M, Wu Y, Metcalfe DD. Ef-
fect of lipopolysaccharide (LPS) and peptidoglycan (PGN) on human 
mast cell numbers, cytokine production, and protease composition. BMC 
Immunol 2008, 7, 9-45. 

24. Krahmer M, Fox K, Fox A, Saraf A, Larsson L: Total and viable 
airborne bacterial load in two different agricultural environments using 
gas chromatography-tandem mass spectrometry and culture: a prototype 
study. Am Ind Hyg Assoc J 1998, 59, 524-531.

25. Krieg NR, Holt JG (Eds): Bergey’s Manual of Systematic Bacteri-
ology. Vol. 1. Williams & Wilkins, Baltimore 1984.

26. Krysińska-Traczyk E, Skórska C, Prażmo Z, Sitkowska J, Cholewa 
G, Dutkiewicz J: Exposure to airborne microorganisms, dust and endo-
toxin during fl ax scutching on farms. Ann Agric Environ Med 2004, 11, 
309-317.

27. Kuś L: Alergiczne zapalenie pęcherzyków płucnych w wyniku ek-
spozycji na antygeny występujące w pyle zbożowym w świetle własnych 
badań klinicznych i doświadczalnych. Med Wiejska 1980, 15, 73-80.

28. Lacey J, Dutkiewicz J: Bioaerosols and occupational lung disease. 
J Aerosol Sci 1994, 25, 1371-1404.

29. Laitinen S, Kangas J, Husman K, Susitaival P: Evaluation of expo-
sure to airborne bacterial endotoxins and peptidoglycans in selected work 
environments. Ann Agric Environ Med 2001, 8, 213-219.

30. Leemans JC, Vervoordeldonk MJ, Florquin S, van Kessel KP, van 
der Poll T: Differential role of interleukin-6 in lung infl ammation induced 
by lipoteichoic acid and peptidoglycan from Staphylococcus aureus. Am 
J Respir Crit Care Med 2002, 165, 1445-1450.

31. Leemans JC, Heikens M, van Kessel KP, Florquin S, van der Poll 
T. Lipoteichoic acid and peptidoglycan from Staphylococcus aureus syn-
ergistically induce neutrophil infl ux into the lungs of mice. Clin Diagn 
Lab Immunol 2003, 10, 950-953.

32. Levin J, Bang FB: The role of endotoxin in the extracellular coag-
ulation of limulus blood. Bull Johns Hopkins Hosp 1964, 115, 265-274.

33. Litvinov MA: Opredelitel’ Mikroskopicheskikh Pochvennykh Gri-
bov. Izd. Nauka, Leningrad 1967.

34. Mackiewicz B: Study on exposure of pig farm workers to bioaero-
sols, immunologic reactivity and health effects. Ann Agric Environ Med 
1998, 5, 169-175.

35. Mackiewicz B, Skórska C, Dutkiewicz J, Michnar M, Milanowski 
J, Prażmo Z, Krysińska-Traczyk E, Cisak E: Allergic alveolitis due to 
herb dust exposure. Ann Agric Environ Med 1999, 6, 167-170

36. Malmros P, Sigsgaard T, Bach B: Occupational health problems 
due to garbage sorting. Waste Manag Res 1992, 10, 227-234.

37. Milanowski J: Effects of Pantoea agglomerans on the respiratory 
system. Part I. Studies in vitro. Ann Agric Environ Med 1994, 1, 44-51. 

38. Milanowski J: Effects of Pantoea agglomerans on the respiratory 
system. Part II. Studies in vivo. Ann Agric Environ Med 1994, 1, 52-56. 

39. Milanowski J, Dutkiewicz J, Potoczna H, Kuś L, Urbanowicz B: 
Allergic alveolitis among agricultural workers in eastern Poland: A study 
of twenty cases. Ann Agic Environ Med 1998, 5, 31-43.

40. Murphey ED, Sherwood ER: Pretreatment with the Gram-positive 
bacterial cell wall molecule peptidoglycan improves bacterial clearance 



150 Góra A, Mackiewicz B, Krawczyk P, Golec M, Skórska Cz, Sitkowska J, Cholewa G, Larsson L, Jarosz M, Wójcik-Fatla A, Dutkiewicz J

and decreases infl ammation and mortality in mice challenged with Pseu-
domonas aeruginosa. Microbes Infect 2008, 10, 1244-1250.

41. Murphey ED, Fang G, Sherwood ER: Pretreatment with the Gram-
positive bacterial cell wall molecule peptidoglycan improves bacterial 
clearance and decreases infl ammation and mortality in mice challenged 
with Staphylococcus aureus. Crit Care Med 2008, 36, 3067-3073. 

42. Pomorska A, Larsson L, Skórska C, Sitkowska J, Dutkiewicz J: 
Levels of bacterial endotoxin in air of animal houses determined with the 
use of gas chromatography – mass spectrometry and Limulus test. Ann 
Agric Environ Med 2007, 14, 291-298.

43. Rozporządzenie Ministra Pracy i Polityki Socjalnej z dnia 17 
czerwca 1998 r. w sprawie najwyższych dopuszczalnych stężeń i natężeń 
czynników szkodliwych dla zdrowia w środowisku pracy. Dz. U. 1998, nr 
79, poz. 513. Warsaw 1998. 

44. Rylander R, Lundholm M: Bacterial contamination of cotton and 
cotton dust and effects on the lung. Br J Ind Med 1978, 35, 204-207.

45. Rylander R: The role of endotoxin for reactions after exposure to 
cotton dust. Am J Ind Med 1987, 12, 687-697. 

46. Rylander R: Organic dusts – from knowledge to prevention. Scand 
J Work Environ Health 1994, 20, 116-122.

47. Salkinoja-Salonen MS, Helander I, Rylander R: Toxic bacterial 
dusts associated with plants. In: Rhodes-Roberts M, Skinner FA (Eds): 
Bacteria and Plants, 219-233. Soc. Appl. Bact. Symp. Ser. No. 10. Aca-
demic Press, London 1982.

48. Schierl R, Heise A, Egger U, Schneider F, Eichelser R, Neser S, 
Nowak D: Endotoxin concentrations in modern animal houses in southern 
Bavaria. Ann Agric Environ Med 2007, 14, 129-136.

49. Sebastian A, Harley W, Fox A, Larsson L: Evaluation of methyl 
ester O-methyl acetate derivative of muramic acid for the determination 
of peptidoglycan in environmental samples by ion-trap GC-MS-MS. J 
Environ Monit 2004, 6, 300-304.

50. Skórska C, Sitkowska J, Krysińska-Traczyk E, Cholewa G, Dutk-
iewicz J: Exposure to airborne microorganisms, dust and endotoxin dur-
ing processing of valerian roots on farms. Ann Agric Environ Med 2005, 
12, 119-126. 

51. Skórska C, Sitkowska J, Krysińska-Traczyk E, Cholewa G, Dutk-
iewicz J: Exposure to airborne microorganisms, dust and endotoxin dur-
ing processing of peppermint and chamomile herbs on farms. Ann Agric 
Environ Med 2005, 12, 281-288.

52. Sneath PHA, Mair N, Sharpe ME, Holt JG (Eds): Bergey’s Manual 
of Systematic Bacteriology. Vol. 2. Williams & Wilkins, Baltimore 1986.

53. Spaan S, Wouters IM, Oosting I, Doekes G, Heederik D: Expo-
sure to inhalable dust and endotoxins in agricultural industries. J Environ 
Monit 2006, 8, 63-72.

54. Szponar B, Larsson L: Use of mass spectrometry for characteris-
ing microbial communities in bioaerosols. Ann Agric Environ Med 2001, 
8, 111-117.

55. Thorn J: The infl ammatory response in humans after inhalation of 
bacterial endotoxin: Review. Infl amm Res 2001, 50, 254-261.

56. Valera I, Vigo AG, Alonso S, Barbolla L, Crespo MS, Fernández 
N: Peptidoglycan and mannose-based molecular patterns trigger the ara-
chidonic acid cascade in human polymorphonuclear leukocytes. J Leukoc 
Biol 2007, 81, 925-933.

57. van Strien RT, Engel R, Holst O, Bufe A, Eder W, Waser M, 
Braun-Fahrländer C, Riedler J, Nowak D, von Mutius E; ALEX Study 
Team. Microbial exposure of rural school children, as assessed by levels 
of N-acetyl-muramic acid in mattress dust, and its association with respi-
ratory health. J Allergy Clin Immunol 2004, 113, 860-867.

58. Wang Z, Larsson K, Palmberg L, Malmberg P, Larsson P, Lars-
son L: Inhalation of swine dust induces cytokine release in the upper and 
lower airways. Eur Respir J 1997, 10, 381-387. 

59. Williams ST, Sharpe ME, Holt JG (Eds): Bergey’s Manual of Sys-
tematic Bacteriology. Vol. 4. Williams & Wilkins, Baltimore 1989.

60. Zhao Z, Sebastian A, Larsson L, Wang Z, Zhang Z, Norbäck D: 
Asthmatic symptoms among pupils in relation to microbial dust exposure 
in schools in Taiyuan, China. Pediatr Allergy Immunol 2008, 19, 455-465. 

61. Zhiping W, Malmberg P, Larsson BM, Larsson K, Larsson L, Saraf 
A: Exposure to bacteria in swine-house dust and acute infl ammatory reac-
tions in humans. Am J Respir Crit Care Med 1996 154, 1261-1266.


