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Abstract: Serum samples from 61 potato processing workers and 30 urban dwellers not
exposed to organic dusts (as a reference group) were examined in agar-gel precipitation
test performed by Ouchterlony double diffusion method with the antigens of 12
microorganisms associated with organic dusts. Each serum was tested twice: not
concentrated, and three-fold concentrated, for the detection of low levels of precipitins.
The antibody response of workers to the antigen of coryneform bactagummyces
ramosuswas high, at both not concentrated and 3-fold concentrated sera (respectively
29.5% and 45.9%) - significantly greater than in reference group (p < 0.001). Workers’
response to the antigens of Gram-negative bacterAloaligenes faecalisand
thermophilic actinomycet&hermoactinomyces vulgangas lower (respectively 13.1%
and13.1% at not concentrated sera, 24.6% and 29.5% at 3-fold concentrated sera) but in
all cases significantly greater than in reference group (p < 0.05 at not concentrated sera,
p <0.01 and p < 0.001 at 3-fold concentrated sera). The frequency of positive precipitin
reactions of potato workers to antigenRenicillium citrinumwas high only at 3-fold
concentrated sera (55.7%) - significantly higher compared to reference group (p < 0.001).
The antibody response of potato workers to other antigens was either unspecific or low,
showing no significant difference compared to reference group. Twenty eight out of 61
examined potato processing workers (45.9%) reported the occurrence of the work-
related pulmonary symptoms. The frequency of positive precipitin reactidgsaimyces
ramosus, Alcaligenes faecalis, Thermoactinomyces vulgaris, Penicillium citendm
Acinetobacter calcoaceticuwas significantly greater in the subgroup of 28 workers
reporting work-related pulmonary symptoms compared to 33 asymptomatic workers
(p < 0.05).Study results suggest that antigen8@fomyces ramosus, Alcaligenes faecalis,
Thermoactinomyces vulgar@dPenicillium citrinumshould be considered as potential
occupational allergens, probably stimulating an adverse immunopathological reaction in
the exposed potato processing workers.
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INTRODUCTION [2, 21, 22, 31, 43]. They are mostly either allergic

diseases (allergic alveolitis, asthma, allergic rhinitis,

Exposure to organic dusts released during handling airborne contact dermatitis) caused by protein and
various vegetable matter may be a cause of various wotkycoprotein allergens produced by plants, or by bacteria
related disorders of respiratory tract, skin and conjunctivand fungi associated with vegetable dusts, or immunotoxic
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diseases (organic dust toxic syndrome, byssinosis, naroup examined in this study consisted only of the
allergic dermatitis and conjunctivitis) which are primarilyworkers directly engaged in the production of dried potato
caused by substances of microbial origin (bacteridliakes and meal (35 individuals) and in the production of
endotoxin, fungal glucans, peptidoglycan, volatile organigotato syrup (26 individuals).

compounds) [4, 6, 20]. The incidence of these diseasesThirty healthy industrial workers living in a city and
may be high among workers of the agricultural industrgot exposed to organic dusts were examined as a reference
handling grain, malt, herbs, tobacco and other plagroup. This group comprised 25 males and 5 females,
products [3, 4, 9, 21, 22]. aged 36.2 + 10.1 yrs (mean + S.D.).

Potato Solanum tuberosur.) is widely cultivated as  All potato processing workers and members of the
edible tubers which are among the basic foods foeference group were examined by the agar-gel precipitation
inhabitants of the northern hemisphere. In many countriésst with saline extracts of the cultures of microorganisms,
potatoes are processed in industrial plants for dry flakesglected on the basis of earlier microbiological studies of
chips, meal, starch, syrup and other products. In Polartie air performed in the same plant where all the
ca. 6,500 people are employed in this industry. During tlexamined potato processing workers were employed [11].
last decade it has been demonstrated in the Netherlandlthe subjects were also interviewed with a questionnaire
the USA and Poland that 16-52% of workers engaged dteveloped at the Institute of Agricultural Medicine in
processing potatoes have reported the presence of wadrkblin [7] for the study of work-related symptoms.
related respiratory and general symptoms [5, 12, 14, 38uman subjects protocols were approved by the Ethics
39, 40, 41, 42]. In our preliminary report on the essenti@ommission of the Institute of Agricultural Medicine, and
findings of the present work [5] we found an antibodwll subjects gave informed consent.
response of potato processing workers to microbial
antigens present in the air of the work environment. Preparation of antigens.The antigens of the following
Hollanderet al. [14, 15], Zocket al. [39], and Zock [40] 12 microorganisms, associated with organic dusts were
showed that nearly all workers employed in the Dutchsed in the agar-gel precipitation test:
potato processing plants had 1gG antibodies against heate Gram negative bacteriAcinetobacter calcoaceticus,
labile potato proteins, mostly of the IgGubclass, but Alcaligenes faecalis, Pantoea agglomergésyn. Erwinia
none of them had specific IgE antibodies. The citederbicola, Enterobacter agglomergns
authors expressed the opinion that the detected antibodies Gram-positive bacterigigromyces ramosus,
are not relevant in the etiopathogenesis of work-relatédthrobacter globiformis, Bacillus subtilis,
acute respiratory symptoms occurring in potato processilticrobacterium lacticum
workers. According to Zock [40], these symptoms are . ActinomycetesSaccharopolyspora rectivirgula
most likely caused by non-specific airway inflammatior{syn.Micropolyspora faeni, Faenia rectivirgula
caused by bacterial endotoxin. This author has indicated’ aermoactinomyces vulgaris
need for further studies on the incidence of anti-microbial «+ Fungi: Aspergillus fumigatus, Aspergillus niger,
antibodies in potato processing workers [40]. Penicillium citrinum

A possibility of work-related allergies in people handling The majority of the microbial species used as a source
potatoes is documented in reports of clinical cases [1, 1, antigens were reported as causative agents of allergic
25, 26, 29]. They include descriptions of bronchial asthnmend/or immunotoxic respiratory disease induced by
and rhinitis in housewives [26, 29] and reports of allergioccupational exposure to organic dusts [3, 10, 20, 21, 23].
alveolitis in farmers sorting and sieving potatoes [13].  All species, except folSaccharopolyspora rectivirgula

The aim of this work was to determine the frequency @&nd Penicillium citrinum were found in the air of the
precipitin response of potato processing workers to a wiggamined potato processing plant. ExtractS.agctivirgula
spectrum of work-related microbial allergens, in order tand P. citrinum were included in the test, as these
assess a potential risk posed by these factors in inducimicroorganisms are known to be a common cause of
occupational allergic disease in this professional groupllergic alveolitis. The antigens @&gromyces ramosus,
Allergens (antigens) for this study were selected on thdicrobacterium lacticum,and Aspergillus nigerwere
basis of an earlier microbiological analysis of the air iprepared from the strains isolated in the examined potato
the examined facility [11], and a questionnaire examinatigrocessing plant, while the other antigens were prepared

of the workers. from the reference strains used for research and diagnostic
purposes in the Institute of Agricultural Medicine in
MATERIALS AND METHODS Lublin [3, 8, 9, 35, 36].

The lyophilised saline extracts of bacterial or fungal

Examined population. A group of 61 potato processingmass, produced in the Institute of Agricultural Medicine
workers (44 males + 17 females) aged 41.9 + 12.5 virs Lublin, were used as antigens. In the case of Gram-
(mean = S.D.) were examined. They worked in a bigegative and Gram-positive bacteria, the mass was
potato processing facility located in eastern Poland imarvested from nutrient agar cultures, while in the case of
which a total of 140 workers were employed, of these, #ttinomycetes and fungi - from sugar broth cultures. The
were directly engaged in the production process. Theass was then homogenised and extracted in saline
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Table 1.Precipitin reactionsf potato processing workers to microbial antigens occurring in the air of work environment.

Antigen, group Persons showing positive reaction (number, percent)

Potato processing workers (N = 61) Reference group (N = 30)

Sera not concentrated  Sera 3-fold concentrated Sera not concentrated Sera 3-fold concentrated

Gram-negative bacteria

Acinetobacter calcoaceticus 0 6 (9.8%) 0 1 (3.3%)
Alcaligenes faecalis 8 (13.1%)* 15 (24.6%)** 0 0
Pantoea agglomerans 0 0 0 1 (3.3%)

Gram-positive bacteria

Agromyces ramosus 18 (29.5%)*** 28 (45.9%)*** 0 1(3.3%)
Arthrobacter globiformis 0 0 0 0
Bacillus subtilis 0 0 0 0
Microbacterium lacticum 2 (3.3%) 6 (9.8%) 0 1 (3.3%)

Actinomycetes

Saccharopolyspora rectivirgula 0 0 0 3 (10.0%)

Thermoactinomyces vulgaris 8 (13.1%)* 18 (29.5%)*** 0 0
Fungi

Aspergillus fumigatus 1 (1.6%) 4 (6.6%) 0 0

Aspergillus niger 27 (44.3%) 36 (59.0%) 22 (73.3%) 24 (80.0%)

Penicillium citrinum 3 (4.9%) 34 (55.7%)*** 0 2 (6.7%)

* . **% significantly greater compared to reference group; * p < 0.05, **p < 0.01, ***p < 0.001.

(0.85% NaCl) in the proportion 1:2 for 48 hrs at 4°C, with The study was performed mostly during the years
intermittent disruption of cells by 10-fold freezing andl989-1991, and continued during 1999-2002. Preliminary
thawing. Afterwards, the supernatant was separated tBsults have been reported elsewhere [5].
centrifugation, dialysed against distilled water for 24 hrs,
concentrated by evaporation to 0.1-0.15 of previous RESULTS
volume and lyophilised. The antigens were used in agar-
gel precipitation test at the concentration 30 mg/ml [9, 23, Frequency of precipitin reactions. The frequency of
35, 36]. positive precipitin reactions to 12 microbial antigens
associated with organic dusts in the group of potato
Agar-gel precipitation test. The test was performed by processing workers and reference group is shown in Table 1.
Ouchterlony double diffusion method in purified 1.5%The antibody response of the workers to antigen of
Difco agar. The worker’'s serum was placed in the centrabryneform bacteriurhgromyces ramosusgas high, both
well, and antigens dissolved in 0.85% NaCl in that not concentrated and 3-fold concentrated sera
peripheral wells. Each serum was tested twice: n@tespectively 29.5% and 45.9%) - significantly greater
concentrated, and three-fold concentrated, for thban in reference group (p < 0.001) (Tab. 1). The workers’
detection of low levels of precipitins. The plates wereesponse to the antigens of Gram-negative bacterium
incubated for 6 days at room temperature, then washedAltaligenes faecalisand thermophilic actinomycete
saline and in 5% sodium citrate solution (to prevent falsehermoactinomyces vulgarisvas lower (respectively
positive reactions), and stained with azocarmine B [9, 233.1% and13.1% at not concentrated sera, 24.6% and
27, 35, 36]. 29.5 % at 3-fold concentrated sera), but in all cases
significantly greater than in reference group (p <0.05 at
Statistical analysis. The obtained results werenot concentrated sera, p <0.01 and p <0.001 at 3-fold
analysed by the Student’s t-test, assuming p<0.05 as ttmncentrated sera). The frequency of positive precipitin
significance level. The incidence of precipitin reactions ireactions of potato workers to antigen Bénicillium
potato processing workers was compared with thadtrinum was low at not concentrated sera (4.9%), but
occurrence of work-related pulmonary symptomsyery high at 3-fold concentrated sera (55.7%) -
described in a separate paper [24]. Comparison wsignificantly higher compared to the reference group
carried out by Pearson’s correlation test. (p <0.001) (Tab. 1).
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Figure 1. Frequency of positive precipitin reactions to extracts of 8 environmental microbes in the subgroups of asymptomatic (N = 33) and
symptomatic (N = 28) potato processing workers. NC = sera not concentrated, C = sera 3-fold concentrated. Results with the remaining 4 antigens used
(Arthrobacter globiformis, Bacillus subtilis, Pantoea agglomerans, Saccharopolyspora rectiyisgellaot shown - they were negative in all cases.

*.x+% significantly greater compared to asymptomatic workers; * p < 0.05, **p < 0.01, ***p < 0.001.

The highest frequency of positive reactions (44.3% at DISCUSSION
not concentrated sera, 59.0% at 3-fold concentrated sera)
was noted to the antigen A§pergillus nigerNevertheless, The results of this study suggest that antigens of
even higher response was recorded in the reference grd\gromyces ramosus, Alcaligenes faecalis, Thermoactino-
(respectively 73.3% and 80.0%), which suggests thatyces vulgarisand Penicillium citrinum should be
these reactions were unspecific and not related tmnsidered as potential occupational allergens that may
exposure. The antibody response of potato workers stimulate an adverse immunopathological reaction in the
other antigens was low and did not show a significamixposed potato processing workers. This is indicated by
difference compared to the reference group (Tab. 1). the fact that the frequency of the positive precipitin

reactions to these 4 antigens was significantly greater, not

Relationship between the occurrence of work-related only in the total group of exposed potato workers
pulmonary symptoms and allergic reactions.Twenty compared to the not exposed reference group, but also in
eight out of 61 examined potato processing worketbhe workers who reported work-related pulmonary
(45.9%) reported the occurrence of the work-relatesymptoms compared to the asymptomatic ones. In
pulmonary symptoms. The frequency of positive precipitiaddition, a possible role éfcinetobacter calcoaceticles
reactions with particular antigens in the subgroups of 28potential occupational allergen may be purported as its
symptomatic workers and 33 asymptomatic workers ntigen reacted significantly more frequently with the sera
presented in Figure 1. of symptomatic workers compared to asymptomatic ones.

As seen in Figure 1, the antibody response of symptomaticOn the basis of this studgromyces ramosuseems
workers to 5 antigens was significantly greater compardd be the most important source of occupational allergen
to those who were asymptomatic. The frequency dfi the potato industry as more than 70% of persons who
positive reactions toAgromyces ramosuwas 3 times reported work-related pulmonary symptoms showed
greater in symptomatic workers, both at not concentratesitibody response to the extract of this coryneform
and 3-fold concentrated sera, and the differences weracterium. The difference in the frequency of positive
statistically  significant (respectively p<0.01 andantibody response tA. ramosusetween the subgroups
p <0.001) (Fig. 1). Similarly, symptomatic workersof symptomatic and asymptomatic workers attained a
reacted significantly more frequently télcaligenes very high level of significance, similar to that between the
faecalis both at not concentrated and 3-fold concentrategtoups of potato processing workers and referents.
sera (p <0.05). The frequency of positive reactions thgromyces ramosus a little known soil bacterium [16]
Thermoactinomyces vulgariand Penicillium citrinum capable of developing in potato parenchyma [11]. Large
was significantly greater in symptomatic workers only irquantities of these bacteria are released into the air of a
the case of not concentrated sera (p <0.05), while potato processing plant after the peeling of potatoes, and
Acinetobacter calcoaceticusonly in the case of 3-fold reach maximal level after cutting, blanching, and drying
concentrated sera (p < 0.05) (Fig. 1). of the potatoes [11]. A possible role of this species in
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causing work-related disorders among the workers of theThe presence of precipitins to an environmental microbe
potato industry deserves further study. is regarded as proof of exposure rather than of clinical
Alcaligenes faecalids another bacterial species thaimpairment. The original view of Pepys [28], postulating
should be considered as a source of potentially pathogettie basic role of the precipitin-mediated, type Il reaction
allergens and endotoxin in the potato industry. This Granm inducing allergic alveolitis, was revised, and currently
negative bacterium was consistently recovered from thiee main role of the T-lymphocyte dependent, type IV
air of a potato processing plant [11]. The frequency agfaction in etiopathogenesis of this disease is widely
positive antibody response Ao faecaliswas distinctly and accepted [20, 21]. Nevertheless, precipitins are regarded
significantly greater in potato processing workers compares an important measure of exposure, probably implicated
to referents and in symptomatic workers compared to some extent in the pathogenesis of the disease [4].
asymptomatic ones. It has been experimentally demonstraféarefore, the finding in the present study of a significant
that this species revealed strong allergenic and endotosétationship between the presence of precipitins against
properties [34].Alcaligenes faecalisvas identified as a some environmental microbes, and the occurrence of work-
cause of allergic alveolitis in a Polish farmer [23]stAdy related pulmonary symptoms among potato processing
by Kus$ et al.[18, 19] indicated that this species could be workers, suggests that besides the non-specific, immunotoxic
cause of the work-relatgailmonary disorders in a group ofreactions evoked by endotoxins, specific, allergic reactions
23 female herb processing workers. Twelve workers of this work-related microorganisms should also be considered
group (52.2%) showed a positive response in the inhalatias a possible cause of occupational disorders among this
challenge with the diluted extract Afcaligenes faecalis  professional group. The clarification of this problem needs
Thermoactinomyces vulgaisa thermophilic actinomycete further study.
that abundantly develops in overheated fodders and is
widely recognised as one of the most important agents CONCLUSION
causing farmer's lung, a specific form of allergic
alveolitis (hypersensitivity pneumonitis). Moulds of the The frequency of the positive precipitin reactions to the
genusPenicillium are often implicated in the etiology of antigens of Agromyces ramosus, Alcaligenes faecalis,
allergic alveolitis [20, 21] andPenicillium citrinumwas Thermoactinomyces vulgariand Penicillium citrinum
identified as a potential occupational allergen amongas significantly greater among exposed potato processing
sawmill workers [8]. Although the latter 2 organismawvorkers compared to referents, who were not exposed and
were either rareTh. vulgari§ or absentR. citrinum) in  in the workers who reported work-related pulmonary
the air samples taken in the potato processing plant [1§fmptoms compared to the asymptomatic ones. This
they might possibly develop there in other seasons, or snggests that these microorganisms should be considered
places which were not examined during this studyws potential occupational allergens that probably stimulate
Acinetobacter calcoaceticusa coccoid Gram-negative an adverse immunopathological reaction in the exposed
bacterium frequently occurring in organic dusts, exhibitpotato processing workers.
strong allergenic and endotoxic properties [32, 33]. This
organism has been isolated from the air of the examinedAcknowledgements

potato processing plant. 5 -  The skillful assistance of Ms. Wiesva Lisowska and Ms.
The highest percentage of positive precipitin reactiongajina Wojtowicz in performing this study is gratefully
among potato workers was noted with the antigen @tknowledged.

Aspergillus niger a fungus dominant in the air of the

potato processing plant [11]. However, these reactions REFERENCES

were even more common in the unexposed reference

group, and were not correlated with the occurrence of work-1. Castells MC, Pascual C, Martin Esteban M, Ojeda JA: Allergy to
related puimonary symptoms. Thus, these reactions &1 £0825 “ET S AT T AN SRR el o athes
most probably unspecific and their clinical significance igm (£ds)Bioaerosols HandbooE31-545. CRC Press, Boca Raton 1995.
unclear.Aspergillus nigetis often reported as a causative 3. Dutkiewicz J: Exposure to dust-borne bacteria in agriculture. II.

agent of allergic, immunotoxic or infectious disease [1#mmunological surveyArch Environ Health1978,33, 260-270.
20. 30 37] 4. Dutkiewicz J, Jabtonski L: Biologiczne Szkodliwosci Zawodowe

. L. L . %Occupational BiohazardsPZWL, Warsaw 1989 (in Polish).
The frequen_mes of positive precipitin reactions OF 5. puytkiewicz J: Bacteria, fungi, and endotoxin as potential agents of
potato processing workers to the antigens of work-relatedcupational hazard in a potato processing plamt. Rylander R,
microorganisms was similar to those found by our grOLEﬁterson Y (Eds): Causative Agents for Organic Dust Related Disease.
; ; ; ; ; ; :Proceedings of an International Workshop held in Skokloster, Sweden,
in earlier seroepidemiological studies of farmers, gral_IﬁJriI 6.9, 1092.Am J Ind MedL994.25, 43-46.
elevator workers, maltworkers, sawyers, and herb processing. pytkiewicz J: Bacteria and fungi in organic dust as potential health
workers [3, 8, 9, 35, 36]. However, in the present workyazard Ann Agric Environ Med 997,4, 11-16.
contrary to the earlier studies, the highest frequency of thﬁ7- '%Utk'eW'CZ J, Skorska C, Mackiewicz B, CholewaZ@pobieganie
specific precipitin reactions was noted not with th&noroPom Wywowanym przez Pyly Organiczne w Rolnictwie i

. . . . . Przemysle Rolnym (Prevention of Diseases caused by Organic Dusts in
antigens of Gram-neg_atlve bacteria, but with the antigeQyricuiture and Agricultural Industry)nstitute of Agricultural Medicine,
of a coryneform bacteriusgromyces ramosus Lublin 2000 (in Polish).



242 Dutkiewicz J, Skérska C, Krysinska-Traczyk E, Cholewa G, Sitkowska J, Milanowski J, Gora A

8. Dutkiewicz J, Krysifiska-Traczyk E, Skérska C, Dutkiewicz E, 25. Nater JP, Zwartz JA: Atopic allergic reactions due to raw potato.
Matuszyk A, Sitkowska J: Response of sawmill workers to work-related Allergy1967,40, 202-206.
airborne allergen#\nn Agric Environ Me@001,8, 81-90. 26.Pearson RSB: Potato sensitivity, an occupational allergy in
9. Dutkiewicz J, Skérska C, Milanowski J, Mackiewicz B,housewivesActa Allergol1966,21, 507-514.
Krysinska-Traczyk E, Dutkiewicz E, Matuszyk A, Sitkowska J, Golec 27.Pepys J, Jenkins PA: Precipitin (F.L.H.) test in farmer's lung.
M: Response of herb processing workers to work-related airborfiéorax1965,20, 21-35.

allergensAnn Agric Environ Me@001,8, 275-283. 28. Pepys JHypersensitivity Diseases of the Lungs due to Fungi and
10.Dutkiewicz J, Spiewak R, Jabtonski L: Klasyfikacja Szkodliwych Organic DustsS. Karger, Basel 1969.
Czynnikow Biologicznych Wystepujacych w Srodowisku Pracy oraz 29. Quirce S, Diez Gémez ML, Hinojosa M, Cuevas M, Urefia V,

Narazonych na Nie Grup Zawodowy¢Blassification of Occupational Rivas MF, Puyana J, Cuesta J, Losada E: Housewives with raw potato-

Biohazards and the Exposed Professional Grpu@yd Ed. Ad induced bronchial asthmaAllergy 1989,44, 532-536.

Punctum, Lublin 2002 (in Polish). 30. Rosenman KD, Hart M, Ownby DR: Occupational asthma in a
11.Dutkiewicz J, Skorska C, Krysinska-Traczyk E, Cholewa G, beet sugar processing pla@hest1992,101, 1720-1722.

Sitkowska J: Exposure to airborne microorganisms and endotoxin in a31. Rylander R, Jacobs RR (Edé)ganic Dusts. Exposure, Effects

potato processing plam&nn Agric Environ Me@002,9, 225-235. and PreventionLewis Publishers, Boca Raton, FL 1994.
12.Ewers LM, Tapp LC: Endotoxin exposures during potato 32.Skérka C: Badania nad aktywnoscia biologiczna endotoksyn
processingAppl Occup Environ Hyg001,16, 1079-1087. Acinetobacter calcoaceticuéStudies on the biological activity of the
13. Greene JJ, Bannan LT: Potato riddler's lungh Med J1985, endotoxins ofAcinetobacter calcoaceticudVed Wiejskal988,23, 203-
78, 282-284. 208 (in Polish).

14. Hollander A, Heederik D, Kauffman H: Acute respiratory effects 33.Skdrska C: Ocena skutkow inhalacji zwierzat doswiadczalnych
in the potato processing industry due to a bio-aerosol expd3ocelp  alergenem otrzymanym z bakteriAcinetobacter calcoaceticus,
Environ Med1994,51, 73-78. dokonana metodami immunologicznymi (An assessment of the effects
15. Hollander A, Heederik D, Pothuis J: Quantification of antigeniof inhalation exposure of experimental animals to the allergen of
aerosol levels in the potato starch producing industzn Occup Hyg Acinetobacter calcoaceticusdone with the use of immunological
1994,38, 911-918. methods)Med Wiejska 991,26, 140-149 (in Polish).
16.Jones D, Collins MD: Irregular, nonsporing Gram-positive rods. 34.Skorska C, Milanowski J, Dutkiewicz J, Fafrowicz B: Endotoksyny
In: Sneath PHA, Mair N, Sharpe ME, Holt JG (Ed3grgey’s Manual bakteryjneAlcaligenes faecalis Erwinia herbicolaczynnikami narazenia
of Systematic Bacteriology. Vol, 2261-1434. Williams & Wilkins, zawodowego w rolnictwie (Bacterial endotoxinsAd€aligenes faecalis

Baltimore 1986. and Erwinia herbicola as occupational risk factors in agriculture).
17 Krysinska-Traczyk E, Dutkiewicz J: Occupational exposure toPneumonol Alergol Pdl996,64 (Suppl. 1) 9-18 (in Polish).

Aspergillus nigeiin a citric acid factoryAnn Agric Environ Med 996, 35.Skorska C, Mackiewicz B, Dutkiewicz J, Krysinska-Traczyk E,

3, 43-48. Milanowski J, Feltovich H, Lange J, Thorne PS: Effects of exposure to

18.Ku$ L, Fafrowicz B, Dutkiewicz J, Zysko M, Respond D: grain dust in Polish farmers: work-related symptoms and immunologic
Badania kliniczne i immunologiczne pracownic wykazujacych objawy  response to microbial antigens associated with dust. Agric Environ
patologiczne po kontakcie z pytem w $rodowisku pracy (Clinical and Med1998,5, 147-153.
immunological examinations of herb processing workers with pathological 36. Skérska C, Mackiewicz B, Dutkiewicz J: Effects of exposare
symptoms following exposure to dust in work environmeiy. flax dust in Polish farmers: work-related symptoms and immunologic
Symposium “Progress in Allergology and Clinical Immunology”, Krakéwyesponse to microbial antigens associated with dusi. Agric Environ
28-30 November 1985, Abstraci$4 (in Polish). Med2000,7, 111-118.
19.Ku$ L, Fafrowicz B, Milanowski J, Respond D, Zysko M, Dutkiewicz 37.Topping MD, Scarisbrick DA., Luczynska CM, Clarke EC,
J, Krysinska-Traczyk E, Sitkowska J, Dutkiewicz E: Znaczenie badan Seaton A: Clinical and immunological reactions Apergillus niger
immunodiagnostycznych w okreslaniu czynnikow przyczynowych objawéw  among workers at a biotechnology plaat.J Ind Med1985,42, 312-
chorobowych wystgpujacych u pracownikow zakladow zielarskich ~ 318.
(Significance of immunological tests in identification of the agents 38.Zock J-P, Heederik D, Kromhout H: Exposure to dust, endotoxin
causing respiratory symptoms in the workers of herbage processgmgd microorganisms in the potato processing indusim. Occup Hyg
plants).In: 22th Congress of the Polish Phtisiopneumonological Societ#995,39, 841-854.
Lublin, 19-21 June 1986, Abstracfi?8-130 (in Polish). 39. Zock J-P, Doekes G, Heederik D, Van Zuylen M, Wielaard P:
20. Lacey J, Crook B: Review: Fungal and actinomycete spores Asborne dust antigen exposure and specific IgG response in the potato
pollutants of the workplace and occupational allerg&ns. Occup Hyg processing industnClin Exp Allergy1996,26, 542-548.
1988,32, 515-533. 40. Zock J-POrganic Dust Exposure and Respiratory Health in the
21.Lacey J, Dutkiewicz J: Bioaerosols and occupational lung diseas®tato Processing Industrifhesis. Wageningen Agricultural University,
J Aerosol Sci994,25, 1371-1404. Wageningen, The Netherlands 1998.
22.Manfreda J, Warren CPW: The effects of grain dust on health. 41. Zock J-P, Hollander A, Heederik D, Douwes J: Acute lung
Rev Environ Healtii984,4, 239-267. function changes and low endotoxin exposures in the potato processing
23.Milanowski J, Dutkiewicz J, Potoczna H, Ku$ L, Urbanowicz B: industry.Am J Ind MedL998,33, 384-391.
Allergic alveolitis among agricultural workers in eastern Poland: A 42.Zock J-P, Heederik D, Doekes G: Evaluation of chronic
study of twenty caseé&nn AgricEnviron Med1998,5, 31-43. respiratory effects in the potato processing industry: indications of a
24 Milanowski J, Gora A, Skorska C, Mackiewicz B, Krysifiska- healthy worker effect®ccup Environ Med 998,55, 823-827.
Traczyk E, Cholewa G, Sitkowska J, Dutkiewicz J: The effects of 43.Zuskin E, Kanceljak B, Schachter EN, Mustajbegovic J:
exposure to organic dust on the respiratory system of potato processRegpiratory function and immunologic status in workers processing
workers.Ann AgricEnviron Med2002,9, 243-247. dried fruits and teagnn Allergy Asthma Immunt96,77,417-422.



