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Abstract: The aim of this study was to determine the levels of microorganisms, dust
and endotoxin in the air during processing of peppermifeéntha piperita and
chamomile Watricaria recutitg by herb farmers, and to examine the species
composition of airborne microflora. Air samples were collected on glass fibre filters by
use of personal samplers on 13 farms owned by herb cultivating farmers, located in
Lublin province (eastern Poland). The concentrations of total viable microorganisms
(bacteria + fungi) in the farm air during processing of peppermint herb were large,
within a range from 895.1-6,015.8 x*1¢fu/n? (median 1,055.3 x £a&fu/nt). During
processing of chamomile herb they were much lower and varied within a range from
0.88-295.6 x 1dcfu/n? (median 27.3 x Tocfu/nT). Gram-negative bacteria distinctly
prevailed during processing of peppermint leaves, forming 46.4-88.5% of the total
airborne microflora. During processing of chamomile herb, Gram-negative bacteria
were dominant at 3 out of 6 sampling sites forming 54.7-75.3% of total microflora,
whereas at the remaining 3 sites the most common were fungi forming 46.2-99.9% of
the total count. The specid®antoea agglomerangsynonyms:Erwinia herbicola
Enterobacter agglomerajis having strong allergenic and endotoxic properties,
distinctly prevailed among Gram-negative isolates. Among fungi, the most common
species wad\lternaria alternata The concentrations of airborne dust and endotoxin
determined on the examined herb farms were large. The concentrations of airborne dust
during peppermint and chamomile processing ranged from 86.7-958.9,ragkirfrom
1.1-499.2 mg/M) respectively (medians 552.3 md/mand 12.3 mg/f). The
concentrations of airborne endotoxin determined during peppermint and chamomile
processing were within a wide range 1.53-208.33 figimd 0.005-2604.19 pgfm
respectively (medians 57.3 ug/mnd 0.96 pg/M. In conclusion, farmers cultivating
peppermint are exposed during processing of this herb to large concentrations of
airborne microorganisms, dust and endotoxin posing a risk of work-related respiratory
disease. The exposure to bioaerosols during processing of chamomile is lower;
nevertheless, peak values create a respiratory risk for exposed farmers.
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INTRODUCTION bioaerosols causing allergic and/or immunotoxic reactions
and respiratory disease in the workers [8, 12, 13, 22, 34,

Occupational handling of plant materials (grain, hay35, 42, 43, 49]. So far, relatively little is known about a
straw, flax, cotton and others) may be associated witlsk associated with handling of various herbs in spite of
exposure to large quantities of organic dust angrowing interest in cultivating and processing herbs for
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medicinal, alimentary and cosmetic purposes [3, 252003, and during processing of harvested and dried
Dutkiewicz et al.[18] found that the workers of big herb peppermint herb in August 2004.
processing plants were exposed to large concentrations oPeppermint ilentha piperitaL.) plants were machine
microorganisms (1010° cfu/n?) and endotoxin (1&-10° harvested, dried for 10-14 days with the use of a hot air
pg/n?). Similarly, Krysinska-Traczyket al. [31] recorded blower, threshed indoors with a machine or outdoor with
large concentrations of microorganisms*10° cfu/n?) a combine, and repeatedly cleaned indoor with a sieving
and endotoxin (1910° ug/nT) during cleaning of thyme machine for separating dried leaves which were finally
by herb farmers. Recently, Skérsial. [52] found that sacked for disposal to herb processing facilities. Air
farmers processing valerian roots are exposed s$amples during peppermint processing by farmers were
concentrations of microorganisms and endotoxin varyingken at sites 1-4 on the following farms: 1) Farm 1:
within wide limits (16-10° cfu/n? and 10-10° pg/n?, Machine threshing of dried peppermint plants; 2) Farm 2:
respectively). Machine threshing of dried peppermint plants; 3) Farm 3:
People occupationally exposed to dust from herl8ombine threshing of dried peppermint plants; 4) Farm 4:
showed a high proportion of allergic reactions to th€leaning of dried peppermint herb with sieving machine.
extracts of herbs and microorganisms associated withChamomile Watricaria recutita L.) plants were
herb dust, and often reported work-related respiratomachine harvested, dried for 10-14 days with the use of a
symptoms [19, 23, 24, 25, 26]. Accordingly, our groughot air blower, threshed indoors with a machine, and
has extended the research on exposure to herb dust andeipeatedly cleaned indoors with a sieving machine for
effects onto further species of medicinal herbs, includingeparating dried flower heads which were finally sacked
peppermint and chamomile. for disposal to herb processing facilities. Dried flower
During the last decade, the herbal market has growpetals were also sacked as a by-product and delivered to
fast in Europe and America [3], and only in Poland abotierb processing facilities. Air samples during chamomile
100,000 farmers are growing herbs for industrial purposesocessing by farmers were taken at sites 5-13 on the
[26]. Both peppermint and chamomile belong tdollowing farms: 5) Farm 5: Machine threshing of dried
commonly grown herbs. chamomile plants; 6) Farm 6: Cleaning of dried
Peppermint Kentha piperital.) is an aromatic, easy chamomile herb with a sieving machine; 7) Farm 7:
growing perennial plant, belonging to the Lamiacea€leaning of dried chamomile herb with a sieving
family. Peppermint leaves are used as a herb farachine; 8) Farm 8: Cleaning of dried chamomile herb
medicinal, culinary and cosmetic purposes. The extraatsth a sieving machine; 9) Farm 9: Shoveling of
of leaves yield approximately 0.1-1.0% volatile oil whickchamomile by-products (petals) into sacks; 10) Farm 10:
is an active component composed primarily of menth&@hoveling of chamomile flower heads into sacks; 11)
and menthone. Peppermint is claimed to bBarm 11: Machine threshing of dried chamomile plants;
antispasmodic, diaphoretic, digestive, carminativel2) Farm 12: Machine threshing of dried chamomile
antiseptic and slightly anesthetic [4]. plants; 13) Farm 13: Machine threshing of dried
Chamomile fatricaria recutital.) is a sweet-scented, chamomile plants.
annual plant belonging to the Asteraceae family, having
daisy-like flowers with white petals and yellow central Microbiological examination of the air. Air samples
disks (heads). Dried flower heads are widely used asweere taken by use of an AP-2A personal sampler
herb for production of herbal teas, in the pharmaceuticlWOMET, Zgierz, Poland), at the flow rate of 2 I/min.
and cosmetic industries, and in traditional medicingslass fibre filters, with 1 um pore size and 37 mm
Chamomile herb is claimed to be anti-inflammatorydiameter, were used. On each farm, 3 samples were
antiseptic,  antispasmodic, relaxant, carminativesollected in parallel using 3 samplers during 30 minutes:
antiallergenic, and a catalyst in wound healing [4]. one for determination of the concentration and species
The aim of the present work was to determine theomposition of microorganisms, and the other two for
levels of microorganisms, dust and endotoxin in the fargetermination of the concentration of dust and endotoxin.
air during processing of peppermint and chamomile herbBhe concentration of dust in the air was determined
and to examine the species composition of airborrg@ravimetrically from the difference between weight of the

microflora. filler measured before and after sampling. The
concentration of airborne dust estimated for each farm
MATERIALS AND METHODS was a mean of 3 single determinations.

In addition, on each farm, 3 air samples were collected
Examined farms. Air sampling was performed on 13in parallel on the polyvinyl chloride filters by use of 3
farms owned by herb cultivating farmers, located istationary AS-50 samplers (TWOMET, Zgierz, Poland),
Lublin province (eastern Poland) on the territory of @t the flow rate of 50 I/min, for determination of the dust
villages, at the distance of 100-140 km from the city cind endotoxin concentrations. The concentration of
Lublin. Samples were collected during processing dirborne dust, estimated gravimetrically for each farm,
harvested and dried chamomile herb in May and Jume&s a mean of 3 single determinations.
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The concentration and species composition dEndotoxin Units (EU), the value in nanograms was
microorganisms in collected air samples were determinacultiplied by 10.
by dilution plating. The filters were extracted in 3 ml of
sterile saline (0.85% NaCl) with 0.05% Tween 80, and Statistical analysis. The data were analysed by
after shaking, serial 10-fold dilutions were made. The 03hapiro-Wilk test for distribution, Spearman correlation
ml aliquots of each dilution were spread on duplicate setisst and Wilcoxon matched-pairs test, using STATISTICA
of 4 agar media: blood agar for estimation of totdlor Windows v. 5.0 package (Statsoft©, Inc., Tulsa,
mesophilic Gram-negative and Gram-positive bacteri@klahoma, USA).
eosin methylene blue (EMB) agar (Merck, Darmstadt,
Germany) for estimation of Gram-negative bacteria, half- RESULTS
strength tryptic soya agar (Sigma, St. Louis, MO, USA)
for estimation of thermophilic actinomycetes, and malt The concentrations of total viable microorganisms in
agar (Difco, Detroit, MIl, USA) for estimation of fungi. the farm air during processing peppermint herb were large,
The blood agar plates and EMB agar plates wergithin a range from 895.1-6,015.8 x*1€fu/nt (median
subsequently incubated for 1 day at 37°C, then 3 days1a®55.3 x 18 cfu/nT). During processing chamomile herb
22°C, and finally 3 days at 4°C. The malt agar plates wetteey were much lower and varied within a range from
subsequently incubated for 4 days at 30°C and 4 days0a88-295.6 x 1dcfu/nt (median 27.3 x Tocfu/nt) (Tab.
22°C [11]. The prolonged incubation at lower temperaturdy. Mesophilic bacteria occurred in abundant quantities
aimed to isolate as wide a spectrum of bacteria and furagid proved to be the most common organisms at most sites.
as possible. The tryptic soya agar plates were incubatédngi were less numerous and thermophilic actinomycetes
for 5 days at 55°C. The grown colonies were counted afwmed only small portion of total microflora.
differentiated and the data reported as cfu per 1 cubicGram-negative bacteria distinctly prevailed during
metre of air (cfu/m). The total concentration of viable processing of peppermint leaves, forming 46.4-88.5% of
microorganisms in the air was obtained by the addition tfie total airborne microflora. During processing of
the concentrations of total mesophilic bacteria (grown ochamomile herb, Gram-negative bacteria were dominant
blood agar medium), thermophilic actinomycetes andt 3 of the 6 sampling sites forming 54.7-75.3% of total
fungi. The percent composition of the total microflora ofmicroflora, whereas at remaining 3 sites the most common
the air was then determined. For technical reasons, tivere fungi forming 46.2-99.9% of the total count (Fig. 1).
concentration of microorganisms in the air was ndEndospore-forming bacilli formed 0.5-11.2% of total
determined on the farms 11-13. count during processing of peppermint leaves and O-

Bacterial isolates were identified with microscopic an®4.5% during processing of chamomile herb. Corynebacteria,
biochemical methods, as recommended by BergeyGram-positive cocci, mesophilic actinomycetes and
Manual [30, 53, 56] and Cowan & Steel [6]. Additionally,thermophilic actinomycetes were less numerous (Fig. 1).
the selected isolates were identified with microtests: API |~ -
Systems 20E and NE (bioMérieux, Marcy [I'Etoile, I [ m
France) and BIOLOG System (Biolog, Inc., Hayward, = e —
CA, USA). Fungi were classified by microscopic B
methods, according to Barron [1], Raper & Fennell [44]
and Samsoast al.[51]. S

The concentration of bacterial endotoxin in the airbornes
dust was determined by thémulusamebocyte lysate gel
tube test (LAL) [37]. The filters were extracted for 1 hour
in 10 ml of pyrogen-free water at room temperature,s —
heated to 100°C in a Koch apparatus for 15 min (for bette§ “°
dissolving of endotoxin and inactivation of interfering &
substances), and after cooling, serial dilutions were
prepared. The 0.1 ml dilutions were mixed equally with 20
the “Pyrotell” Limulus reagent (Associates of Cape Cod, m
Inc., Falmouth, MA, USA). The test was incubated for 1
hour in a water bath at 37°C, using pyrogen-free water as o
a negative control and the standard lipopolysaccharide o
(endotoxin) of Escherichia coli 0113:H10 (Difco) as Sampling sites
positive control. The formation of a stable clot was ©Cramnegatvebac. & Bacili ® Corynebacteria
regarded as a positive result. The estimated concentration ® °"* ™ > = Th-actinomycetes  ® Fung
of endotoxin in dust (ng/mg) was multiplied per estimatefgigure 1. Composition of airborne microflora on farms during particular

. - . activities at processing of peppermint and chamomile herbs: total count,

concentration of du_St in the air (m@l)mand the results including mesophilic bacteria, thermophilic actinomycetes and fungi.
were reported as micrograms of the equivalents oEthe The “other mesophilic bacteria” comprise mesophilic actinomycetes
coli 0113:H10 endotoxin per 1%mof air. To convert to (Streptomycespp.) and cocciStaphylococcuspp. Enterococcuspp.).
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B
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1007 e m ] flora consisted mostly of the rods belonging to the family

Pseudomonadaceasgeudomonas chlororaphiBseudo-

— monas fluorescensStenotrophomonas maltophiliaPs.

80 — fluorescens was isolated only during processing of

peppermint andSt. maltophilia during processing of

chamomile (Fig. 2).

601 || The concentrations of airborne thermophilic actino-

mycetes were very low, ranging from 0-5.0 ¥ téu/n7.

Thermoactinomycestrains Th. thalpophilusTh. vulgarid

40 ] distinctly prevailed at all but one sampling sites (Fig. 3).
The concentrations of airborne fungi found during

processing of peppermint and chamomile herbs showed a

21 marked variation, being of the order20° cfu/n? (Tab.

1). The specieélternaria alternatadistinctly predominated

at 5 sampling sites, forming 75-100% of the total fungal

Percent of total microfiora (%)

0 ‘ ‘ ‘ ‘ ‘ ‘ ~count. At the remaining sites, yeast prevailed (2 sites) and
1 2 3 4 5 6 7 8 9 10 Cladosporiumspp., Oidiodendron spp. andPenicillium
Sampling sites spp. (1 site each) (Fig. 4).
0 Pantoea agglomerans 0 Rahnella aquatilis @ Ps. chlororaphis In the air Samples taken on the examined farms, 24
® Ps. fluorescens ® Pseudomonasspp. W St. maltophilia species or genera of bacteria and 11 species or genera of

Figure 2. Composition of airborne Gram-negative bacteria on farms durirIémgI Wgre identified, of these, 8 am_j 7 species ,Or genera
particular activities at processing of peppermint and chamomile herbs.eéspectively were reported as having allergenic and/or
immunotoxic properties [2, 13, 21, 29, 34, 35, 49] (Tab. 2).
The concentrations of airborne Gram-negative bactericnese figures are certainly an underestimation, as a part
recovered on EMB agar were large, up to the levél 10f bacterial and fungal strains could be identified only to
cfu/m® (Tab. 1), although smaller compared to thosgeneric level.
recovered on blood agar. The specid¥antoea The concentrations of airborne dust determined on the
agglomerangsynonyms:Erwinia herbicolg Enterobacter examined farms during peppermint and chamomile
agglomerany distinctly prevailed among Gram-negativeprocessing with the use of personal sampling were large
bacteria isolated on EMB agar, forming 41.6-100% of thand ranged from 86.7-958.9 mg/nand from 1.1-499.2
total count (Fig. 2). The remaining part of Gram-negativeng/n¥, respectively (medians 552.3 mgd/mand 12.3

Table 1.Concentrations of microorganisms (cfd/m1@) in the farm air during processing of peppermint and chamomile plants.

Sampling Activity Total mesophilic  Gram-negative Thermophilic Fungi Total
Site No. bacteria bacteria actinomycetes microorganisms*
(Blood agar) (EMB agar) (Tryptic soya agar) (Malt agar)

Processing of peppermint plants

1 Farm 1: Machine threshing of dried 5,750.0 1,010.0 0.2 265.6 6,015.8
peppermint plants

2 Farm 2: Machine threshing of dried 1,065.0 290.0 0.36 2.1 1,067.46
peppermint plants

3 Farm 3: Combine threshing of dried 570.0 480.0 0.1 325.0 895.1
peppermint plants

4 Farm 4: Cleaning of dried peppermint 1,040. 0 385.0 0.15 2.9 1,043.05
herb with a sieving machine

Median 1,052.5 4325 0.18 134.2 1,055.3

Processing of chamomile plants

5 Farm 5: Machine threshing of dried 295.0 62.5 0.5 0.1 295.6
chamomile plants

6 Farm 6: Cleaning of dried chamomile 123.5 10.3 0.025 80.0 203.525
herb with a sieving machine

7 Farm 7: Cleaning of dried chamomile 0.02 0 0.025 35.0 35.045
herb with a sieving machine

8 Farm 8: Cleaning of dried chamomile 0.43 0.6 0 0.45 0.88
herb with a sieving machine

9 Farm 9: Shoveling of chamomile by- 195 10.0 0 0.025 19.525
products (petals) into sacks

10 Farm 10: Shoveling of chamomile 8.5 2.6 0 7.3 15.8
flower heads into sacks

Median 14.0 6.3 0.013 3.9 27.3

*Sum of the concentrations of mesophilic bacteria, thermophilic actinomycetes and fungi.
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Figure 3. Composition of airborne thermophilic actinomycetes on farmBigure 4. Composition of airborne fungi on farms during particular
during particular activities at processing of peppermint and chamomile herlativities at processing of peppermint and chamomile herbs.

mg/nt). The dust concentrations determined parallellpf personal sampling (p<0.001) and with the use of
with the use of stationary sampling were insignificantlgtationary sampling (p<0.01).

lower (p>0.05) and ranged from 40.8-246.7 miy/end

from 0.8-104.9 mg/y respectively (medians 104.3 DISCUSSION

mg/nT and 8.2 mg/r) (Tab. 3).

The concentrations of airborne endotoxin determined The concentrations of airborne microorganisms
during peppermint and chamomile processing with thecorded during processing of peppermint were very large
use of personal sampling were within a range 1.53-208.88edian 1.06 x 10cfu/n?), similar to those reported for
pg/n® and 0.005-2604.19 pgfnrespectively (medians working environments with the highest bioaerosol
57.3 pg/m and 0.96 pg/M and were significantly pollution, such as: grain stores, seed stores, animal feed
smaller (p<0.05) compared to stationary sampling. THactories, malt houses, herb processing plants, pig farms,
concentrations of airborne endotoxin determined with thgoultry farms, flax farms and waste composting facilities
use of stationary sampling during peppermint anf8, 11, 14, 15, 16, 18, 22, 32, 34, 38, 42, 54]. The
chamomile processing were within a range 6.25-624.9®ncentrations of airborne microorganisms found during
pg/n® and 0.06-3125.0 pgfnrespectively (medians processing of chamomile were distinctly lower and
312.5 pg/mand 3.13 pg/f) (Tab. 3). showed a great variability, similar to that observed at

The values of airborne dust and endotoxin showedpaocessing valerian roots [52]. The median concentration
significant correlation, both when determined with the usef airborne microorganisms recorded during processing

Table 2.List of microbial species and genera identified in the samples of farm air during processing of peppermint and chamamile plants

Gram-negative bacteria:Pantoea agglomerars- (synonyms:Erwinia herbicola Enterobacter agglomerang1-6, 8-10) Pseudomonas
chlororaphis(1, 3-6),Pseudomonas fluorescens (1-3), Pseudomonaspp. (3)Rahnella aquatilis- (1), Stenotrophomonas maltophil{a, 9).

Bacilli: Bacillus cereug5, 8),Bacillus megateriuni9), Bacillus subtilis* (3, 8, 10),Bacillusspp. (1-3, 5, 8-10).
Corynebacteria: Curtobacterium pusilluns), Gordonasp. (1-4),Sanguibacter keddie{b, 6).

Gram-positive cocci:Enterococcus faeciuf), Staphylococcus lentyg, 4),Staphylococcus pasteus), Staphylococcus sciu(lLO),
Staphylococcuspp. (2-4, 10).

Mesophilic actinomycetesStreptomyces albdq2, 9), Streptomycespp. (2, 3, 10).

Thermophilic actinomycetes:Thermoactinomyces thalpophildq1-3, 5, 6), Thermoactinomyces vulgarty(1, 4, 5, 7),Thermomonospora
chromogend (4), Streptomycespp. (2).

Fungi: Alternaria alternatat+ (1, 4-10),Aspergillus fumigatug+ (10), Candidaspp.* (7, 8)Cladosporium cladosporioidég5, 8, 10),
Cladosporium herbarum (3), Fusarium spp+ (1, 2, 7),Geotrichum cardianun3), Oidiodendron rhodogenuii®), Oidiodendronspp. (1),
Penicillium spp. (1-4, 10),Rhodotorula rubrg7, 10)

Sites of isolation are given in parentheses. The names of the species reported as having allergenic and/or immunotegi¢speofext) are in bold
and marked as follows: * allergenic species; + immunotoxic species.
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Table 3.Concentrations of dust and bacterial endotoxin in the farm air during processing of peppermint and chamomile plants.

Sampling Activity Personal sampling Stationary sampling
site No. Dust (mg/m) Endotoxin  Dust (mg/m) Endotoxin

Mean * SD (ug/nt) Mean * SD (ng/nt)
Processing of peppermint plants
1 Farm 1: Machine threshing of dried peppermint plants 958.9+125.1 10.42  246.7£124.2 624.99
2 Farm 2: Machine threshing of dried peppermint plants 86.7 £34.0 208.33 163.6 +45.7 618.2
3 Farm 3: Combine threshing of dried peppermint plants 418.9 + 356.2 1.53 44.4 +18.9 6.77
4 Farm 4: Cleaning of dried peppermint herb with a sieving machine 685.6 + 288.6 104.17 40.8 +23.7 6.25
Median 552.3 57.3 104.3 3125
Processing of chamomile plants
5 Farm 5: Machine threshing of dried chamomile plants 145+22 1.06 37.6+£2.7 66.0
6 Farm 6: Cleaning of dried chamomile herb with a sieving machine 48+2.0 0.52 3927 0.63
7 Farm 7: Cleaning of dried chamomile herb with a sieving machine 11+0.1 0.005 0.8+0.2 0.06
8 Farm 8: Cleaning of dried chamomile herb with a sieving machine 12.3+4.2 0.96 1.9+0.6 0.16
9 Farm 9: Shoveling of chamomile by-products (petals) into sacks 27+0.2 0.52 105+0 3.13
10 Farm 10: Shoveling of chamomile flower heads into sacks 16+04 0.05 82x15 0.62
11 Farm 11: Machine threshing of dried chamomile plants 16.7 £11.7 26.5 27.8+9.5 156.25
12 Farm 12: Machine threshing of dried chamomile plants 499.2+925 2604.19 104.9+194 3125.0
13 Farm 13: Machine threshing of dried chamomile plants 27.2+143 153.0 42+22 1562.5
Median 12.3 0.96 8.2 3.13

chamomile (1.4 x 10cfu/n?) approximated values found strong endotoxic and allergenic properties [10, 12, 33, 41,
in sawmills [17] and at processing of hops [27] and6, 50]. It has been documented tRahtoea agglomerans
potatoes [20]. Nevertheless, peak values exceeded thakes strong immunologic response in herb processing
level 10 cfu/nT and created a respiratory risk for exposedorkers [19, 25] and could be a cause of allergic
farmers. alveolitis in a herb farmer [39]. The results of the present
As, so far, there are no internationally recognisedork confirm the potential role of this bacterium as an
Occupational Exposure Limit (OEL) values foroccupational allergen in herb dust.
bioaerosols, the results obtained in the present work could~armers processing peppermint and chamomile were
be compared only to the proposals raised by particulatso exposed to Gram-negative bacteria of the family
authors. As regards total viable airborne microorganismBseudomonadaceae. Although so far only a little is known
the OEL values proposed by Malmres al. (10 x 1§  about the allergenic and immunotoxic properties of these
cfu/m®) [40], and by Dutkiewicz & Jablonski (100 x 10®  bacteria, they have been identified as common constituents
cfu/m®) [13] were exceeded on all farms processingf oil mist in metallurgic industry facilities [7, 55] and
peppermint, and respectively on 5 and 2 of the 6 farnmmplicated as causative agents of allergic alveolitis in
processing chamomile. The OEL values for airbornexposed workers [2]. They should be also considered as a
Gram-negative bacteria proposed by Clark [5] andource of environmental endotoxin.
Malmroset al. [40] (1 x 1G cfu/n?), and by Dutkiewicz Fungi were dominant airborne microorganisms at half
& Jabtonski [13] and Gérny & Dutkiewicz [28] (20 x 10°  of the sampling sites during processing chamomile.
cfu/m®) were exceeded on all farms processingmong them, the most common species Wéernaria
peppermint, and respectively on 4 and 1 of the 6 farnadternata known as a cause of allergic diseases of the
processing chamomile. The OEL value proposed hypper respiratory tract [34]. Penicillium and
Dutkiewicz & Jabtonski [13] and Gérny & Dutkiewicz ~ Cladosporiumspecies, which were found to be common
[28] for airborne fungi (50 x focfu/nt) was exceeded on at particular sampling sites, also reveal allergenic
2 of the 4 farms processing peppermint, and on 1 of thep6operties [13, 34].
farms processing chamomile, while nowhere was the OEL The concentrations of dust and bacterial endotoxin in
value proposed by these authors for airborne thermophititze farm air recorded during processing of peppermint and
actinomycetes (20 x f@fu/nt’) exceeded. chamomile attained very high levels. The concentrations
Gram-negative bacteria prevailed among airbornef dust during processing peppermint were of the order
microorganisms at all sampling sites during processin'-10? mg/n?, exceeding on all farms the Polish OEL
peppermint and at half of the sampling sites duringalue of 4 mg/m [45] by 22-240 times. The
processing chamomile. The dominant species was thencentrations of dust during chamomile processing were
epiphytic bacteriumPantoea agglomerangsynonyms: of the order 1810* mg/n?, exceeding on 6 of the 9 farms
Erwinia herbicola Enterobacter agglomerahppossessing the Polish OEL value by 1.2-125 times.
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The levels of bacterial endotoxin at particular sampling;- Dutch Expert Committee on Occupational Standards (DECOS):

; ; ; dotoxins, Health-based Recommended Occupational Exposure Limit
sites, mostly at herb threshing, reached very high valu szondheidsraad, The Netherlands 1998,

posing a risk of respiratory dis?ase in exposed ffla-rmers-lo.Dutkiewicz J: Studies on endotoxins Bxiwinia herbicolaand
Altogether, on 8 of the 13 examined herb farms, airborngeir biological activity Zbl Bakt Hyg | Abt Orig A.976,236, 487-508.
endotoxin occurred in large quantities of the ord&1® 11. Dutkiewicz J: Exposure to dust-borne bacteria in agriculture. I.

; ironmental studieg\rch Environ Health1 978,33, 250-259.
ug/mg, exceeding values supposed to cause decreaseE%\fZ.Dutkiewicz J: Exposure to dust-borne bacteria in agriculture. II.

lung function over WOI’K shift and ODTS symptoms [481|mmunological surveyArch Environ Healti 978,33, 260-270.
The concentrations of airborne endotoxin during processing13.Dutkiewicz J, Jabloaski L: Biologiczne Szkodliwosci Zawodowe
peppermint exceeded on all farms the OEL valud9ccupational BiohazardsPZWL, Warsaw 1989 (in Polish).

_ 14.Dutkiewicz J, Pomorski ZJH, Sitkowska J, Krysinska-Traczyk E,
proposed by Clark [5] (0.1 ugfn Rylander [47] (0.1-0.2 ( (- C, Prazmo Z, Cholewa G, Wojtowicz H: Airborne

ug/nf), _Malmros et al. [4O] (01 ug/rﬁ), Gémy & microorganisms and endotoxin in animal hous&sna 1994,33, 185-
Dutkiewicz [28] (0.2 pg/M), Laitinenet al. [36] (0.025 190.
ug/nf), and by Dutch Expert Committee on Occupational 15.Dutkiewicz J: Bacteria and fungi in organic dust as potential

; health hazardn: Midtgard U, Poulsen OM (Eds): Waste Collection and
Standards (DECOS) [9] (0'005 ué)mThe concentrations Recycling — Bioaerosol Exposure and Health Problems. Proceedings of

of airborne endotoxin during chamomile processingy international Meeting held in Kege, Denmark, 13-14 September
exceeded on 7 of the 9 farms the OEL values proposed 19¢6.Ann Agric Environ Med 997,4, 11-16.
Clark [5], Rylander [47], Malmrost al. [40], and Gérny 16.Dutkiewicz J, Krysinska-Traczyk E, Skorska C, Sitkowska J,

& Dutkiewicz [28], and on 8 of the 9 farms the OE| Prazmo Z, Urbanowicz B: Exposure of agricultural workers to airborne
! . microorganisms and endotoxin during handling of various vegetable
values proposed by Laitineet al. [36], and by Dutch products Aerobiologia2000,16, 193-198.

Expert Committee on Occupational Standards (DECOS) 17. Dutkiewicz J, Krysiska-Traczyk E, Prazmo Z, Skorska C,
[9]. Sitkowska J: Exposure to airborne microorganisms in Polish sawmills.
Ann Agric Environ Me@001,8, 71-80.

18.Dutkiewicz J, Krysinska-Traczyk E, Skorska C, Sitkowska J,
Prazmo Z, Golec M: Exposure to airborne microorganisms and
endotoxin in herb processing plangsin Agric Environ Med®001, 8,

Farmers cultivating peppermint are exposed during t#81-211. ) _ _ o
processing of this herb to large concentrations of airborpel?: Dutkiewicz J, Skorska C., Milanowski J, Mackiewicz B,
. . . . . sinska-Traczyk E, Dutkiewicz E, Matuszyk A, Sitkowska J, Golec
microorganisms, d_USt and gndotoxm posing a risk : Response of herb-processing workers to work-related airborne
work-related respiratory disease. The exposure tllergensAnn Agric Environ Me@001,8, 275-283.
bioaerosols during processing of chamomile is lower; 20.Dutkiewicz J, Krysinska-Traczyk E, Skorska C, Cholewa G,

; ; owska J: Exposure to airborne microorganisms and endotoxin in a
nevertheless, peak values create a respiratory risk 1[E;Eé)tato processing plar&nn Agric Environ Me@002,9, 225-235.

CONCLUSION

exposed farmers. 21. Dutkiewicz J, Spiewak R, Jabloiiski L: Klasyfikacja Szkodliwych
Czynnikow Biologicznych Wystepujqcych w Srodowisku Pracy oraz
Acknowledgements Narazonych na Nie Grup Zawodowych [Classification of Occupational

Biohazards and the Exposed Professional Grpu@d Ed. Ad

The skillful assistance of Ms. Wiestawa Lisowska and Ms.  Punctum, Lublin 2002 (in Polish).
Halina Wojtowicz at performing the study is gratefully 22.Eduard W: Exposure to non-infectious microorganisms and
acknowledged. endotoxins in agriculturédnn Agric Environ Med 997,4, 179-186.

23.Golec M, Skoérska C, Mackiewicz B, Gora A, Dutkiewicz J:
Dolegliwosci zwigzane z praca spowodowane narazeniem na wdychanie
pylow organicznych przy pracy z ziotami [Work-related symptoms
caused by exposure to the inhalation of organic dusts during handling

1. Barron GL:The Genera of Hyphomycetes from S@iilliams &  herbs]. In:  Rozklad i Korozja Mikrobiologiczna Materiatow
Wilkins, Baltimore 1968. Technicznych, IIl Konferencja Naukowa, Lodz 2003, Materialy

2. Bernstein DI, Lummus ZL, Santilli G, Siskosky J, Bernstein IL:Konferencyjne249253. Politechnika £.6dzka, £.6dz 2003 (in Polish).
Machine operator's lung. A hypersensitivity pneumonitis disorder 24.Golec M, Skérska C, Mackiewicz B, Dutkiewicz J: Health effects
associated with exposure to metalworking fluid aeroflest1995, of exposure to thyme dust in a group of thyme growing farnsens.
108 636-641. UMCS, Sec [2003,58(1/36) 195-203.

3. Calixto JB: Efficacy, safety, quality control, marketing and 25.Golec M, Skérska C, Mackiewicz B, Dutkiewicz J: Immunologic
regulatory guidelines for herbal medicines (phytotherapeutic agentsgactivity to work-related airborne allergens in people occupationally

REFERENCES

Brazil J Med Biol Re2000,33, 179-189. exposed to dust from herbsnn Agric Environ Me®004,11, 121-127.
4. Chevallier A:The Encyclopedia of Medicinal Plant®orling 26.Golec M, Skoérska C, Mackiewicz B, Goéra A, Dutkiewicz J:
Kindersley, London 1996. Respiratory effects of exposure to dust from hefsgr Agric Environ

5. Clark CS: Report on prevention and contiaot. Rylander R, Med2005,12, 5-10.
Peterson Y, Donham KJ (Eds): Health Effects of Organic Dusts in the 27. Gora A, Skorska C, SitkowsKaPrazmo Z, Krysifiska-Traczyk
Farm Environment. Proceedings of an International Workshop held B, Urbanowicz B, Dutkiewicz J: Exposure of hop growers to
Skokloster, Sweden, April 23-25, 198&m J Ind Med1986,10, 267-  bioaerosolsAnn Agric Environ Me@004,11, 129-138.

273. 28.Gorny RL, Dutkiewicz J: Bacterial and fungal aerosols in indoor
6. Cowan ST, Steel KManual for the Identification of Medical environment in Central and Eastern European countAes. Agric
Bacteria University Press, Cambridge 1965. Environ Med2002,9, 17-23.
7. Crook B: Microbe-containing oil-mists — a respiratory hazard? 29.Johnson CE, Bernstein L, Gallagher JS, Bonventre PF, Brooks
Occup Health Re¥990,19, 24-26. SM: Familial hypersensitivity pneumonitis induced Bacillus subtilis

8. Crook B, Olenchock SA: Industrial workplacds: Cox CS, Am Rev Respir Di$980,122, 339-348.
Wathes CM (Eds)Bioaerosols Handbogks31-545. CRC Press, Boca  30.Krieg NR, Holt JG (Eds)Bergey’'s Manual of Systematic
Raton 1995. Bacteriology. Vol. 1Williams & Wilkins, Baltimore 1984.



288 Skérska C, Sitkwska J, Krysifiska-Traczyk E, Cholewa G, Dutkiewicz J

31.Krysinska-Traczyk E, Dutkiewicz J, Skérska C, Prazmo Z, Cisak 43. Radon K, Monso E, Weber C, Danuser B, Iversen M, Opravil U,
E, Sitkowska J, Cholewa G: Narazenie zawodowe rolnikéw Donham K, Hartung J, Pedersen S, Garz S, Blainey D, Rabe U, Nowak
indywidualnych na bioaerozole wystgpujace w pylach z ziela tymianku  D: Prevalence and risk factors for airway diseases in farmers - summary
[Occupational exposure of farmers to bioaerosols present in thyme dusf].results of the European Farmers’' Projeéatn Agric Environ Med

Med Ogo6Inal999,5(34), 186-193 (in Polish). 2002,9, 207-213.

32.Krysinska-Traczyk E, Skorska C, Prazmo Z, Sitkowska J, 44. Raper KB, Fennell DIThe Genus AspergillusWiliams &
Cholewa G, Dutkiewicz J: Exposure to airborne microorganisms, dugfilkins, Baltimore 1965.
and endotoxin during flax scutching on farmd&n Agric Environ Med 45.Rozporzadzenie Ministra Pracy i Polityki Socjalnej z dnia 17
2004,11, 309-317. czerwca 1998 r. w sprawie najwyzszych dopuszczalnych stezen i

33.Ku$ L: Alergiczne zapalenie pgcherzykoéw plucnych w wyniku — natgzen czynnikow szkodliwych dla zdrowia w $rodowisku pracy. Dz.
ekspozycji na antygeny wystgpujace w pyle zbozowym w S$wietle U. 1998, nr 79, poz. 513. Warszawa 1998.

wlasnych badan klinicznych i do$wiadczalnych [Allergic alveolitis in 46. Rylander R, Lundholm M: Bacterial contamination of cotton and
effect of the exposure to antigens present in grain dust: An experimentatton dust and effects on the luBg.J Ind Med1978,35, 204-207.
and clinical study]Med Wiejskal 980,15, 73-80 (in Polish). 47. Rylander R: The role of endotoxin for reactions after exposure to
34. Lacey J, Crook B: Review: Fungal and actinomycete spores estton dustAm J Ind Medl987,12, 687-697.
pollutants of the workplace and occupational allerg&ns. Occup Hyg 48. Rylander R: Organic dusts - from knowledge to prevericand
1988,32, 515-533. J Work Environ Healtl1994,20, 116-122.
35. Lacey J, Dutkiewicz J: Bioaerosols and occupational lung disease.49. Rylander R, Jacobs RR (Edé)xganic Dusts. Exposure, Effects
J Aerosol Scll994,25, 1371-1404. and PreventionLewis Publishers, Boca Raton, FL 1994.

36. Laitinen S, Kangas J, Husman K, Susitaival P: Evaluation of 50. Salkinoja-Salonen MS, Helander I, Rylander R: Toxic bacterial
exposure to airborne bacterial endotoxins and peptidoglycans in selectkmsts associated with planta: Rhodes-Roberts M, Skinner FA (Eds):

work environmentsAnn Agric Environ Me@001,8, 213-219. Bacteria and Plants219-233. Soc. Appl. Bact. Symp. Ser. No. 10.
37.Levin J, Bang FB: The role of endotoxin in the extracellulaAcademic Press, London 1982.

coagulation otimulusblood.Bull Johns Hopkins Hosp964,115, 265- 51. Samson RA, Hoekstra ES, Frisvad JC, Filtenborgt@duction

274. to Food- and Airborne Fungi 6th Ed. Centralbureau voor
38. Mackiewicz B: Study on exposure of pig farm workers toSchimmelcultures, Utrecht 2002.

bioaerosols, immunologic reactivity and health effeddsn Agric 52.Skérska C, Sitkowska J, Krysifiska-Traczyk E, Cholewa G,

Environ Med1998,5, 169-175. Dutkiewicz J: Exposure to airborne microorganisms, dust and endotoxin

39. Mackiewicz B, Skérska C, Dutkiewicz J, Michnar M, Milanowskiduring processing of valerian roots on farmAsn Agric Environ Med
J, Prazmo Z, Krysifiska-Traczyk E, Cisak E: Allergic alveolitis due to 2005,12, 119-126.

herb dust exposurdnn Agric Environ Med 999,6, 167-170. 53.Sneath PHA, Mair N, Sharpe ME, Holt JG (EdBErgey’'s
40. Malmros P, Sigsgaard T, Bach B: Occupational health problenManual of Systematic Bacteriology. Vol. Williams & Wilkins,
due to garbage sortingvaste Manag Rek992,10, 227-234. Baltimore 1986.
41.Milanowski J, Dutkiewicz J, Potoczna H, Ku$ L, Urbanowicz B: 54.Swan JRM, Crook B: Airborne microorganisms associated with
Allergic alveolitis among agricultural workers in eastern Poland: Agrain handlingAnn Agric Environ Med. 998,5, 7-15.
study of twenty caseé&nn Agric Environ Med 998,5, 31-43. 55. Travers-Glass S, Griffin P, Crook B: Bacterially contaminated oil

42.Radon K, Danuser B, Iversen M, Monso E, Weber C, Hartung dhists in engineering works: a possible respiratory hazarana 1991,
Donham K, Palmgren U, Nowak D: Air contaminants in different30, 404-406.
European farming environment&nn Agric Environ Med002,9, 41- 56. Williams ST, Sharpe ME, Holt JG (Ed®ergey’s Manual of
48. Systematic Bacteriology. Vol. Williams & Wilkins, Baltimore 1989.



