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Abstract: Ten samples of stored wheat grain and 10 samples of settled grain dust
released during machine threshing of wheat grain were collected on 10 farms located in
Lublin province (eastern Poland). The samples were examined for the concentration of
total microfungi, Fusarium species, fusariotoxins (moniliformin, deoxynivalenol,
nivalenol), and ochratoxin. Microfungi able to grow on malt agar were present in 30%
of grain samples (median for all examined samples = 0, range 0-227°&fw/gPand

in all samples of grain dust (median = 977.5 X 0/g, range 115.0-16,700.0 x310
cfu/g). Fusarium species K. avenaceunwere found only in 10% of grain samples
(median = 0, range 0-800.0 x*Hu/g), but in 90% of grain dust samples (median =
1,150 x 16 cfu/g, range 5.5-10,060.0 x *16fu/g). The specie§. avenaceum, F.
culmorum, F. graminearum, F. poaadF. sporotrichioidesvere isolated respectively

from 50%, 10%, 20%, 40% and 20% of examined grain dust samples. The presence of
the mycotoxins produced Hyusarium (moniliformin, deoxynivalenol, and nivalenol)

was found altogether in 70% of wheat grain samples (median = 0.1275 pg/g, range 0—
1.480 pg/g) and in 90% of grain dust samples (median = 0.350 pg/g, range 0-1.090
pa/g). Moniliformin (MON), deoxynivalenol (DON), and nivalenol (NIV) were each
detected in 40% of grain samples, and respectively in 80%, 40%, and 40% of grain dust
samples. Ochratoxin A (OTA) was detected in 60% of grain samples and in 60% of
grain dust samples (median in both cases was 0.0005 pg/g). The concentraffions of
poae (p < 0.05)and of totalFusarium species (p <0.01) in grain samples, and the
concentrations of. culmorumand F. graminearum(p < 0.05) in grain dust samples
were significantly correlated with the concentration of deoxynivalenol. The
concentrations oF. poae(p < 0.05) and of totaFusariumspecies (p < 0.01) in grain

dust samplesvere significantly correlated with the concentration of total fusariotoxins.
Moreover, the concentration of tothlusarium species in grain dust samples was
significantly correlated with the concentration of nivalenol (p < 0.05). In conclusion, the
majority of samples of wheat grain and grain threshing dust collected on farms in
eastern Poland contained notable quantities of fusaria and/or fusariotoxins. This fact
poses a potential risk of mycotoxicoses to agricultural workers exposed to grain dust
when handling wheat during threshing, unloading, shuffling, and other farm occupations.
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INTRODUCTION large quantities into air of breathing zone at harvesting,

threshing, and loading of grain, flax threshing, cleaning of

Agricultural workers may be exposed at work to dustierbs and other activities [6, 13, 14, 17]. The exposure
borne fungi and their products which could be released imay be a cause of allergic and immunotoxic diseases such
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as: bronchial asthma, allergic alveolitis, allergic rhinitissodium nitrate and potassium chloride) [22] as a selective
atopic conjunctivitis, organic dust toxic syndrome, chronimedium for Fusarium spp. The malt agar plates were
fatigue-like syndrome [6, 10, 14, 17]. Mould fungi ofincubated for four days at 30°C and four days &C22
Aspergillus Penicillium Alternaria, Cladosporiumand whereas SNA plates - for eight days at 22°C. After
Mucor genera were identified as the etiologic factors ahcubation, the number of microfungi in one gram of the
the above-mentioned diseases. The diseases cakamnple was calculated and expressed in cfu/g. Then,
mycotoxicoses may be caused by the harmful effects mfacro- and microscopic studies of fungi were carried out
mycotoxins, which are secondary metabolites of mould order to determine their species composition. Fungi of
fungi [2, 7, 8, 12, 23, 32]. The cytotoxic, neurotoxicPenicillium spp. were determined according to Ramirez
immunosuppressive, teratogenic, mutagenic and carcinogd@i@] and Pitt [28], while those ofAspergillus spp.
effects of mycotoxins following ingestion of contaminatedccording to Raper and Fennel [30]. FungiFakarium
food are well known [16, 36], but little is known about thespp. were determined according to Nelsbml [22]. The
respiratory effects of these compounds [7]. remaining fungal species were determined according to
A serious potential risk for agricultural workers isPidopliczko and Milko [27], and Litvinov [19].
posed by mycotoxins occurring in grain: aflatoxins,
ochratoxin A (OTA), moniliformin (MON) and Determination of the concentration of mycotoxins.
trichothecenes produced by fungi belonging to genudshe thin-layer chromatography method (TLC) and high-
Fusarium deoxynivalenol (DON, vomitoxin), nivalenol performance thin-layer chromatography method (HPTLC)
(NIV), zearalenone (ZEA), T-2 toxin and others [1, 2, 3was used [24, 25]. Determination of the concentration of
4, 5, 9, 16, 18, 21, 26, 33, 34, 35]. Special attentiomchratoxin A (OTA), moniliformin (MON), deoxynivalenol
should be paid to toxins produced biyusarium (DON) and nivalenol (NIV) was carried out in 10 samples
(fusariotoxins), which have been scarcely studied withf wheat grain and 10 samples of grain dust released
respect to occupational risk [9, 10, 12]. Most of conductetlring threshing. Each sample of 10 gm was extracted by
studies the hitherto oRfusarium concern their role as the mixture of acetonitryle and water (75:25). The filtrate
cereals pathogens. was divided into three parts: the first part was degreased
The aim of the present study was to determine tland cleaned in a column containing Florisil, then the level
concentration of fungi and selected mycotoxins in wheaf moniliformin (MON) was determined by the high-
grain and grain dust samples collected during threshinggrformance liquid chromatography method (HPLC); the
with special attention téusariumand fusariotoxins, in second part was cleaned in Ochratest Vicam columns,
order to assess potential risk for grain handling farmers. after which the level of ochratoxin A was determined by
HPLC method; the third part of the extract was cleaned in
MATERIALS AND METHODS columns containing activated carbon, Celite angOAl
neutral (1:1:1), and the levels of fusariotoxins of B group:
Samples of grain and grain dust. Studies were deoxynivalenol (DON) and nivalenol (NIV) were
conducted on 10 private farms in the Lublin regiometermined with the use of gas chromatograph attached to
(eastern Poland). The samples of wheat grain and grainmass spectrometer (GC/MS). Chromatographic analysis
dust were taken during threshing carried out by thef mycotoxins was performed in the Department of
traditional method using on MC-50 thresher. A totaChemistry at the Agricultural University in Poznan.
number of 20 samples were taken - 10 wheat grain
samples and 10 settled dust samples - in which the leveBtatistical analysis.The data distribution was checked
of mould fungi was determined, as well as their speciésr normality by the Shapiro-Wilk's test. The significance
composition and level of mycotoxins. of the correlations between individual variables was
tested by the non-parametric Kendtdlrtest, and the
Determination of the concentration and species signicance of differences between matched variables was
composition of fungi. The concentration and speciedested by the Wilcoxon matched pairs test. A p-value of
composition of microfungi in the samples of wheat graitess than 0.05 was considered significant. The analyses
and grain dust were determined by the dilution platingere performed with the use of the Statistica for Windows
method [6]. One gram of each sample was suspendedvint.5 package (Statsoft Inc., Tulsa, Oklahoma, USA).
100 ml of sterile saline (0.85% NaCl) containing 0.1%
(v/v) of Tween 80, and after vigorous shaking, serial 10- RESULTS
fold dilutions in saline were made up to™#0The 0.1 ml
aliquots of each dilution were spread on duplicate sets ofThe results of the study are summarised in Table 1.
plates. Malt agar was used for the determination of theotal microfungi able to grow on malt agar were present
concentration and species composition of microfungi iim 30% of wheat grain samples (median for all examined
grain and grain dust, and a mineral medium - SNAamples = 0, range 0-227.5 x3iffu/g) and in all
(Selective Nutrient Agar which contains the followingsamples of grain dust, being much more numerous than in
components: glucose, saccharose, potassium phosphte, grain samples (median = 977.5 X &fu/g, range
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Table 1. Concentration®f total fungi,Fusariumspp. and selected mycotoxins determined in samples of grain and grain dust collected on farms in
eastern Poland.

Sample Total fungi Fusariumspp. (SNA medium) Mycotoxins
(Malt agar) cfulg x 16 (ng/g)
cfulg x 16 ) . . . ) ) , )
Fusarium Fusarium Fusarium Fusarium Fusarium Total Fusariumtoxins Ochratoxin

culmorum graminea avenaceum poae sporotri.  Fusarium a b .
MON® DON° NIV® Totaf

Grain

1 2275 0 0 0 1.0 0 1.0 0.180 0.950 0.240 1.370 0.0025
2 60.0 0 0 800.0 0 0 800.0 0.0025 0.280 ND 0.2825 0.0006
3 0 0 0 0 0 0 0 ND ND 0.015 0.015 ND
4 10.0 0 0 0 0 0 0 ND ND ND ND 0.004
5 0 0 0 0 0 0 0 ND ND ND ND ND

6 0 0 0 0 0 0 0 0.200 ND 1.280 1.480 0.0005
7 0 0 0 0 0 0 0 ND 0.170 0.110 0.280 0.0005
8 0 0 0 0 0 0 0 ND ND ND ND 0.0005

9 0 0 0 0 0 0 0 ND 0.110 ND 0.110 ND
10 0 0 0 0 0 0 0 0.130 ND 0.015 0.145 ND
Median 0% 0 0 0 0% 0 0**® 0 0 0.0075 0.1275 0.0005

Grain dust
1 115.0 0 5.0 0.5 0 0 5.5 0.260 0.015 ND 0.275 0.0031
2 16700.0 0 0 0 100.0 0 100.0 0.027 ND ND 0.027 0.0005
3 225.0 0 0 0 0  1500.0 1500.0 ND 0.310 ND 0.310 ND
4 450.0 0 0 50.0 0 0 50.0 ND ND ND ND 0.0009
5 725.0 0 0 40.0 10000.0 20.0 10060.0 0.210 ND 0.880 1.090 0.0016
6 1230.0 0 0 800.0 0 0 800.0 0.360 ND 0.030 0.390 ND
7 1625.0 50.0 0 5000.0 0 0 5050.0 0.180 0.460 0.015 0.655 0.0005
8 2310.0 0  1000.0 0 600.0 0 1600.0 0.025 0450 0.350 0.825 ND
9 1300.0 0 0 0  2000.0 0 2000.0 0.780 ND ND 0.780 ND
10 175.0 0 0 0 0 0 0 0.110 ND ND 0.110 0.0524
Median 977.5 o 0*® 0.25 QPN 0 1150.0%+ MPN) 0 145 0 0 0.350 0.0005
Total samples
Median 145.0 o 0 0 QXM MBN) 0 3.25¥M=(MDN) 0 026 0 0 0.2775 0.0005

Fusarium graminea= Fusarium graminearum, Fusarium sporotri Fusarium sporotrichioidesMON? = moniliformin; DON = deoxynivalenol;
NIV = nivalenol; Totdl = total Fusariumtoxins (MON + DON + NIV). ND = not detected (considered as zero lev8}.sfgnificantly correlated
with the concentration of ochratoxin (p < 0.05)?*significantly correlated with the concentration of MON (p < 0.0%); significantly correlated
with the concentration of DON (p < 0.05);®* significantly correlated with the concentration of DON (p < 0.04Y; significantly correlated with
the concentration of NIV (p < 0.05)"N): significantly correlated with the concentration of tdtakariumtoxins (p < 0.05); *°V): significantly

correlated with the concentration of tofaisariumtoxins (p < 0.01).

115.0-16700.0 x FOcfu/g) (Tab. 1). The dominant alternata(7.4%).Penicilliumspp.,Aspergillus fumigatus,
constituent of fungal flora isolated from grain wasAspergillus repens, Mucor mucedo, Citromycsg.,
Aspergillus fumigatu$76.5%) and the other constituentidiodendron rhodogenuandMonilia geophilaconstituted
were Oidiodendron flavum (16.8%), Trichothecium the remaining 3.4% of the grain dust mycobiota.
laxicephalum (5.0%) and Alternaria alternata (1.7%). The growth ofFusariumspecies on the selective SNA
Among fungi isolated from grain dust, on average, mostedium was much more abundant compared to malt agar.
common wereCladosporiumspecies €. atroseptum, C. Among grain samples,Fusarium (identified as F.
herbarun) which formed 34.4% of the total, yeastavenaceumwas isolated from only one out of 10 samples
(31.8%), Fusarium species (23.0%) whileAlternaria  (10%) (median = 0, range 0-800.0 X &f/g). Similar to
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the case of total microfungi, the frequency andorrelated with the concentration of nivalenol (p < 0.05)
concentration oFusariumspp. in grain dust samples wasand the concentration of total fusariotoxins (p < 0.01). As
much greater compared to grain samples. Fusaria weegards total examined samples (grain + grain dust), the
isolated from 90% of grain dust samples and thegoncentration oF. culmorumwas significantly correlated
concentrations were large (median = 1150 ® f0/g, with the concentration of deoxynivalenol (p < 0.05), the
range 5.5-10060.0 x 1@fu/g) (Tab. 1). The specids  concentration oF. poaewas significantly correlated with
avenaceum, F. culmorum, F. graminearum, F. paad the concentrations of moniliformin and total fusariotoxins
F. sporotrichioideswere isolated respectively from 50%,(p < 0.05), and the concentration of totBusarium
10%, 20%, 40% and 20% of examined grain duspecies was significantly correlated with the concentration
samples. The strains &usarium poadormed 60.0% of of moniliformin (p < 0.05) and the concentration of total
total Fusariumisolates recovered from grain dust on SNAusariotoxins (p < 0.01) (Tab. 1).

medium, followed by F. avenaceum (27.8%), F. The concentration of total fungi (grown on malt agar)
sporotrichioides(7.2%), F. graminearum(4.8%), andF. in grain samples was significantly correlated with the
culmorum(0.2%). concentration of ochratoxin (p < 0.05) (Tab. 1).

The concentrations of both total fungi aRdsarium
species were significantly greater in the samples of grain DISCUSSION

dust compared to grain samples (p < 0.05).

The presence of the mycotoxins produced-bgarium Mycotoxins detected in the present study are described
(moniliformin, deoxynivalenol, and nivalenol) was foundas etiologic factors of mycotoxicoses creating a health
altogether in 70% of wheat grain samples (median for alsk for humans [6, 8, 14, 16, 36].
examined samples = 0.1275 pg/g, range 0-1.480 pg/gMoniliformin (MON) produced byFusariumavenaceum,
and in 90% of grain dust samples (median = 0.350 pgfpuses acute, degenerative lesions in the myocardium, the
range 0-1.090 ug/g) (Tab. 1). Separately, moniliformisymptoms being similar to those for arsenic poisoning
(MON), deoxynivalenol (DON), and nivalenol (NIV) [31].
were each detected in 40% of grain samples, andDeoxynivalenol (DON) and nivalenol (NIV) produced
respectively in 80%, 40%, and 40% of grain dust sampldsy F. culmorumand F. graminearumare trichothecene
The average concentrations of MON, DON, NIV, and theycotoxins causing vomiting, diarrhoea and dermal
total (summarised)Fusarium toxins (fusariotoxins) in reaction. An epidemic of alimentary mycotoxicosis in the
positive grain samples were respectively 0.1281 pg/ashmir Valley was described by Smigh al [31]. The
0.3775 pg/g, 0.3875 pg/g, and 0.5261 pg/g, whereas symptoms of poisoning were: abdominal pain, feeling of
positive samples of grain dust - respectively 0.2440 pgfiyliness of the stomach within 15-60 minutes after eating,
0.3087 pg/g, 0.3187 pg/g, and 0.4958 pg/g. Nritation of the throat, diarrhoea, vomiting, blood in the
significant  differences were found between thstools and allergic dermal reactions. These symptoms,
concentrations of fusariotoxins in the samples of gratelled ‘red mould disease’ were caused by the
and grain dust (p > 0.05). consumption of mouldy wheat and rice contaminated with

The occurrence of ochratoxin was very similar in th®ON and other fusariotoxins.
samples of grain and grain dust. This mycotoxin was Ochratoxin (OTA) produced b#spergillus ochraceus
detected in 60% of both kinds of samples and also taed some Penicillium species R. viridicatum, P.
median was the same in both cases, equal to 0.0005 pegyglopium, P. chrysogengmcaused Balkan endemic
(range for grain samples was 0-0.004 pg/g, and for grairphropathy (BEN) observed among the population of the
dust samples 0-0.0524 ug/g) (Tab. 1). The averaalkan countries [31]. The consumption of food
concentrations of ochratoxin in positive samples of graitontaminated with ochratoxin resulted in pathologic
and grain dust were 0.0014 pg/g, and 0.0098 pug/gymptoms such as: great reduction in kidney size, tubular
respectively. degeneration, interstitial fibrosis and hyalinization of

Significant relationships were found between thglomeruli.
concentrations of particulaFusarium species and the Until now, no internationally accepted threshold limit
concentrations of fusariotoxins. As regards grain sampleslues (TLV) for the concentration of mycotoxins in
the concentrations oF. poae and of total Fusarium wheat and other food products have been established. The
species were significantly correlated with the concentratigmoposals for such values for DON range between 0.5-2.0
of deoxynivalenol (p <0.05 and p < 0.01, respectivelypg/g [24]. In this study, the lower limit of this range was
As regards the samples of grain dust, the concentratiangeeded in only one sample.
of F.culmorumand F. graminearumwere significantly The common infestation of wheat with fusaria and
correlated with the concentration of deoxynivalendiusariotoxins, in particular with deoxynivalenol (DON)
(p < 0.05), the concentration Bf poaewas significantly and nivalenol (NIV), has been reported from many
correlated with the concentration of total (summarise@puntries of Europe, Asia and America [5, 9, 11, 18, 24,
fusariotoxins (MON+DON+NIV) (p <0.05), and the25, 26, 33, 34, 35]. In the examined wheat, DON was
concentration of totaFusariumspecies was significantly detected in 60-100% of samples [3, 5, 9, 11, 18, 33, 34,
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35] and NIV in 4-96% of samples [9, 11, 18, 26, 33, 34ample of silage associated with a febrile illness in
35]. The concentration of DON in the positive samplefrmers. Palmgreat al.[23] examined for mycotoxins 15
ranged between 0.031-1.257 ug/g [11, 18, 33, 34, 35] asamples of settled grain dust collected in elevators in the
that of NIV - between 0.023-0.566 ug/g [11, 18, 33, 34ew Orleans area and found in 10 samples zearalenone at
35]. levels from 0.025 to 0.1 pg/g, but no ochratoxin A or
The frequency of the occurrence of DON in theflatoxin. Ehrlich and Lee [7] found in 80% of the
samples of wheat grain examined in the present studyamined samples of grain dust the presence of
(40%) was distinctly lower compared to values reporteachratoxin, deoxynivalenol, secalonic acid, zearalenone,
by other authors, while that of NIV (50%) was in theand aflatoxin in the concentrations of 0.0005-0.02 ug/g,
middle of the range of hitherto reported data. The avera@€®005-0.02 pg/g, 0.0005-0.02 pg/g, 0.02 pg/g, and
concentrations of DON and NIV in positive grain sample8.0005 pg/g, respectively. It is noteworthy that the
(respectively 0.3775 pg/g and 0.3875 ug/g) stated by agerage concentration of deoxynivalenol in the grain dust
were greater than most of the values hitherto reportsdmples found in the present study is 19—755 fold greater
from other countries, except for DON concentration foundompared to the data obtained by these authors.
in Canada [34] and NIV concentrations found in Korea In conclusion, the majority of samples of wheat grain
[18] and Scotland [33]. and grain threshing dust collected on farms in eastern
Abramson et al. [1] determined the production of Poland contained notable quantities of fusaria and/or
mycotoxins by differenFusariumcultures and concluded fusariotoxins. This fact poses a potential risk of
that DON was produced mostly by the strainsFof mycotoxicoses to agricultural workers exposed to grain
culmorumand F. graminearum while moniliformin by dust when handling wheat during threshing, unloading,
the strains of. avenaceumThe results of these authorsshuffling, and other farm occupations.
concerning DON conform to those found in the present
study, as a significant correlation between the Acknowledgements

concentrations of. culmorumand F. graminearumin This study was supported by the Committee for Scientific

grain dust samples and 'Fhe_(;oncentratlon_of DON in thel§@search (KBN), grant 4 PO5D 03619. The skillful assistance of
samples was found. A _5|gn|f|cant correlation between thgs. Grazyna Cholewa, Ms. Wiestawa Lisowska and Ms. Halina
concentration of. graminearumand DON has been also wejtowicz in performing the study is gratefully acknowledged.
found by Dalceraet al.[5] who examined wheat samples
in Argentina. In contrast, Moreno Contreraisal. [21] REFERENCES
failed to find any significant correlation between the
concentration ofFusarium spp. and DON in grain  1.Abramson D, Clear RM, Gaba D, Smith DM, Patrick SK, Saydak
samples collected in Venezuela. In our study, th}[@ T”Ch‘i‘hecgne 3_”" m,ﬁ’”g{fé’”‘ljnp pr;ggit‘gg %%agg?;pedes

. - . L rom western Canadian wheatfFood Pro ,64, - .
Concentratlor_] of momllformm_ was not significantly 2.Betina V: Mycotoxins. Chemical, Biological and Environmental
correlated with the concentration Bf avenaceumbut AspectsBiological Molecules, vol 9. Elsevier, Amsterdam 1988.
with that of F. poae The concentrations &f. poaewere 3.Birzele B, Prange A, Kramer J: Deoxynivalenol and ochratoxin A
also significantly correlated with the DON concentratioff German wheat and changes of level in relation to storage parameters.

. - . . od Addit Contan2000,17, 1027-1035.
(In grain samples) and with the concentration of t0t£|04. Chékowski J, Zawadzki M, Zajkowski P, Logrieco A, Bottalico A:

fusariotoxins (in grain dust samples and total samples @éniliformin production byFusariumspeciesMycotox Re4990,6, 41-45.
grain and grain dust). These results suggest that moss.Dalcero A, Torres A, Etcheverry M, Chulze S, Varsavsky E:
probablyFusarium poagethe species distinctly prevailing Occurr_er_]ce of deoxynlvglenol andFusarium graminearum in
: . . . = Argentinian wheat-ood Addit Contan1i997,14, 11-14.
among Fusarium strains ISOIate.d fr_om gran and'graln 6.Dutkiewicz J, Jabtonski L: Biologiczne Szkodliwosci Zawodowe
dust in eastern Poland, poses in this area the main haz@upational BiohazargsPZWL, Warsaw 1989 (in Polish).
as the source of adverse mycotoxins. 7.Ehrlich KC, Lee LS: Mycotoxins in grain dust: method for analysis
Ochratoxin was detected in 1.0-57.6% of whedX aflatoxins, ochratoxin A, zearalenone, vomitoxin, and secalonic acid
. . . ..D. J Assoc Off Anal Chefi®84,67, 963-967.
samples collected in various countries [3] and its 8. Emanuel DA, Wenzel MDF, Lawton BR: Pulmonary mycotoxicosis.
concentration in positive samples varied widely betweeathest1975,3,293-297.
0.005-27.5 pg/g [3]. In the present study, the frequency?9.Eskola M, Parikka P, Rizzo A: Trichothecenes, ochratoxin A and
it ; ; ; ralenone contamination and fusarium infection in Finnish cereal
Ogot?;currenche. ?]f positive Sadmtpleﬁ.tlﬁ gtraln andt g(;’alﬂ dllvts@;ples in 1998 00d Addit Contan2001,18, 707-718.
( 0) was higher compare . 0 hitherto repqr e. results, o, Flannigan B, Miller JD: Health implications of fungi in indoor
but the average concentration of ochratoxin in thes@vironments - an overviewn: Samson RA, Flannigan B, Flannigan
samples was much smaller (0.0005 pg/g). ME, Verhoeff AP, Adan OCG, Hoekstra ES (Eddgalth Implications
So far, little is known about the concentrations off Fungiin Indoor Environment§-28. Elsevier, Amsterdam 1994.

. . . . . . 11. GrabarkiewicSzczesna J, Kostecki M, Golinski P, Kiecana I:
fusariotoxins and Other mycotoxins in grain dust with,szriotoxins in kemels of winter wheat cultivars field samples collected
respect to a potential health hazard. Low DONuring 1993 in PolandNahrung2001,45, 28-30.
concentrations (0.003-0.020 “d}m,ere found in the air 12. Hintikka EL., Nikulin M: Airborne mycotoxins in agricultural
during miIIing of grain in Finland [9] Mayet al. [20] and indoor environmentiidoor Air 1998,4, 66-70.

. : 13. Krysinska-Traczyk E: Plesnie Aspergillus fumigatusjako
detected low concentration of DON (0'1_0'2 Ug/g) n th;ﬂ‘zyczyna schorzen pluc o charakterze zawodowym. (Aspergillus



274 Krysinska-Traczyk E, Kiecana |, Perkowski J, Dutkiewicz J

fumigatusas a cause of the occupational pulmonary disordistsi 24. Perkowski J: Tworzenieikotoksyn w zbozach przez grzyby
Wiejskal973,4,276-284. rodzajuFusarium Post Nauk Roli993,2, 68-79 (in Polish).
14. Krysinska-Traczyk E, Skorska C, Prazmo Z, Sitkowska J, 25. Perkowski J, Kiecana I|: Biosynteza toksyn fuzaryjnych w

Dutkiewicz J, Cholewa G: Bioaerozole jako potencjalne czynnikiiarnie jeczmienia jarego (Hordeum vulgarel.) po inokulacji klosow
zagrozenia zdrowotnego rolnikoéw indywidualnych pracujacych przy Fusarium crookwellenseBurgess, Nelson, Toussoulf. culmorum
omtotach zboz. (Bioaerosols as potential health risk factors for farmer¢W.G.Sm) Sacc. F. graminearunSchwabeBiul Inst Hod Aklim Roslin
at threshing grainMed OgéInal999,5, 301-306. 1998,207,69-80 (in Polish).

15. Kuiper-Goodman T: Prevention of human mycotoxicoses 26. Pettersson H, Hedman R, Engstrom B, Elwinger K, Fossum O:
through risk assesment and risk management, 4396Miller JD,  Nivalenol in Swedish cereals - occurrence, production and toxicity
Trenholm HJ (Eds):Mycotoxin in Grain. Compounds Other Than towards chickenszood Addit Contan1995,12, 373-376.

Aflatoxin Eagan Press, St.Paul, MN 1994. 27. Pidopliczko NM, Milko AA:Atlas Mukoralnykch Gribov (Atlas
16. Lacey J (Ed)Trichothecenes and Other Mycotoxids Willey  of the Mucoraceae FungiNaukowa Dumka, Kiev 1971 (in Polish).

& Sons, Chichester-New York-1985. 28. Pitt JI: The GenusPenicilium and Its Teleomorfic States
17. Lacey J, Dutkiewicz J: Bioaerosols and occupational lungupenicillium and Talaromycefcademic Pres,ondon 1979.

diseasel Aerosol Sci994,25, 1371-1404. 29. Ramirez C:Manual and Atlas of thePenicillia. Elsevier,

18. Lee US, Jang HS, Tanaka T, Hasegawa A, Oh YJ, Ueno Y: Thensterdam 1982.

coexistence of the Fusarium mycotoxins nivalenol, deoxynivalenol and 30. Raper KB, Fennel DIThe Genus AspergillusWiliams &

zearalenone in Korean cereals harvested in 1988d Addit Contam Wilkins, Baltimore 1965.

1985,2, 185-192. 31. Smith JE, Lewis CW, Anderson JG, Solomon GW: Mycotoxins
19. Litvinov MA: Opredelitel' Mikroskopicheskikh Pochvennykhin human nutrition and health, 104-123. Studies of the European

Gribov (Guide for Determination of the Microscopic Soil Fingdd. = Commission, Directorate General Xll, Brussels 1994.

Nauka, Leningrad 1967 (in Russian). 32. Sorenson WG.: Mycotoxin as potential occupational hazards.
20. May JJ, Pratt DS, Stallones L, Morey PR, Olenchock SA, Dedpev Ind Microb1990,31,205 -211.

IW, Bennett GA: A study of silo unloading: the work environment and 33. Tanaka T, Hasegawa A, Matsuki Y, Lee US, Ueno Y: A limited

its physiologic effectsAm J Ind MedL986,10, 318. survey of Fusarium mycotoxins nivalenol, deoxynivalenol and
21. Moreno Contreras MC, Martinez Yepez AJ, Raybaudi Martinezearalenone in 1984 UK harvested wheat and bafepd Addit

R: Determination of deoxynivalenol (DON) in wheat, barley and cor€ontam1986,3, 247-252.

and its relationship with the levels of total moldajsarium spp., 34. Tanaka T, Hasegawa A, Yamamoto S, Sugiura Y, Ueno Y: A
colonization percentage and water activlych Latinoam Nutr2000, case report on a minor contamination of nivalenol in cereals harvested in
50, 183-186 (in Spanish). CanadaMycopathologial 988,101, 157-160.

22. Nelson PE, Toussoun TA, Marasas WFQsariumspeciesAn 35. Tanaka T, Yamamoto S, Hasegawa A, Aoki N, Besling JR,
lllustrated Manual for Identification.Pennsylvania State University Sugiura Y, Ueno Y: A survey of the natural occurrencd-agarium
Press, University Park, PA 1983. mycotoxins, deoxynivalenol, nivalenol and zearalenone, in cereals

23. Palmgren MS, Lee LS, Delucca AJ Il, Ciegler A: Preliminaryharvested in the Netherlanddycopathologial 990,110, 19-22.
study of mycoflora and mycotoxins in grain dust from New Orleans area 36. World Health Organization: Mycotoxin&nvironmental Health
grain elevatorsAm Ind Hyg Assoc 1983,44,485-488. Criteria, 11. PZWL, Warsaw 1984 (in Polish).



