
Introduction

The problem of dust contamination in the feed and grain
storage industry remains relevant. It requires multiple
actions at various stages of production in order to protect
workers from its adverse effects. The dust that is inhaled
during work is not noticed in spite of conjunctival irritation
or obstruction of the nasal mucosa [1-3]. Micro-organisms
(gram-negative bacteria, thermophilic actinomycetes,
mould fungi) and endotoxins are the main biological harm-
ful agents of agricultural dusts. Assessment of occupation-
al exposure to dust in feed industry is a complex process
aimed to determine the health importance of detected and
quantitatively marked adverse factors present in the work
environment. This is in order to protect workers who are
within range of these agents against diseases [4-6]. Harmful
effects of dust on the human body can cause many diseases,

including pneumoconiosis, cancer, asthma, toxic organic
dust syndrome (grain fever), and miller’s lung [7-11].

Dusts are formed at different stages of production. 
The most dust-generating processes include milling, crush-
ing, sifting, transporting, and mixing of powdery/loose
materials. Organic dusts of plant origin constitute a huge
family of dusts whose primary matter is composed of parti-
cles of different plants. They are usually mixtures in which,
besides the plant particles, there are also inorganic particles
and richly represented microflora and macroflora, together
with substances produced by them [12]. In general, it can be
stated that in almost all organic dusts of plant origin there
are microorganisms and endotoxins. The presence of free
silica is confirmed for the majority of these dusts. The high-
est content of SiO2 in the dust inhaled (reaching up to 60%
depending on the type of soil), is present in the phase of the
plant material production and obtention. Then it falls to
below 10% in later stages of processing. The highest con-
centrations of dust is detected in the following worksta-
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tions: feed mixing, reception of grain in warehouses and
elevators, and packaging. Organic dusts of plant origin are
varied in terms of the size of the particles they contain. 
The fraction share expressed in the number of particles <5
µm is within the range of 40÷98%, and expressed in the
weight of these particles reaches 60%. Just as for the com-
position and particle sizes, the concentration of the inhaled
dust in particular workstations also varies significantly –
ranging from fractions of milligrams to more than 100 mil-
ligrams in 1 m3 of air [13, 14]. 

Our research of dust concentration and analysis of col-
lected air samples for the presence of mould fungi in the
workplace aimed to evaluate the working conditions at var-
ious workstations in a feed plant.

Methodology

Three air measuring points were selected. The first
point was set up at the comminution stage of the feed mate-
rial. The second point was selected at the granulation
process, and the third at the packing stage. The measure-
ment points are marked on the schematic diagram of a feed
plant (Fig. 1).

In each of the selected points test samples of air were
collected with five repetitions and analysed in terms of
dustiness. 

Assessment of the concentration of dust particles sus-
pended in the air was made using a DustTrak II dust meter,
which operates on the principle of laser photometer measur-
ing in real-time the concentration of aerosol in the tested air.
The study was performed using four filters to analyse the par-
ticle size of the dust, i.e. 10, 4, 2.5, and 1 µm. The finest fil-
ter was used to measure the total dust concentration in the
plant. Analyses were carried out using a 6-stage viable
(microbial) cascade impactor Andersen TE-10-800 (TISCH)
directly to two culture media: MA (malt agar) and PDA
(potato dextrose agar) in order to identify the number and
species of fungi in the respective fractions of the organic dust. 

Construction of the Andersen cascade impactor allows
us to determine the respirable microbial aerosol fraction
that is the constituent that has the potential capacity of
penetration into alveoli of the human body. Each stage has
400 orifices with a diameter of 1.18 mm at the first stage
to 0.25 mm at the sixth. Considering the size of the ori-
fices at the particular stages, microorganisms reaching the
second stage enter the throat, the third enter the trachea
and main bronchi, the fourth enter the intermedial
bronchi, the fifth enter the bronchioles, and the ones
reaching the sixth stage of the impactor enter the human
alveoli. The use of an Andersen cascade impactor allows
us to analyse collected air samples for the presence of
mould fungi in the workplace and determine their poten-
tial danger to humans.
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Fig. 1. Schematic diagram of feed plant floor plan.

Granulators



Petri dishes with the PDA medium were incubated at
the temperature  of 24ºC for 72 hours, and the ones with the
MA medium in 30ºC also for 72 hours. Then all colonies of
fungi grown on different levels were counted. Using select-
ed taxonomic references qualitative composition was
analysed taking into account macro- and microscopic char-
acteristics of the fungi [15-18].

Results

Analysing the results of the concentration of the organic
dust in the air, it can be concluded that at any point the aver-
age concentration did not exceed the value of the PEL, i.e. 2
mg/m3. The highest short-term exposure concentration of
dust occurred at point II, i.e. granulation stage (2.11 mg/m3),
and its level is not within the acceptable limits (Table 1).

The results confirm the trend observed in the study car-
ried out by Buczaj [19], who assessed the concentration of
dust on select workstations at industrial mills in Lublin
Province. The average dust concentration at a packer work-
station was around 0.10 mg/m3, which is similar to that at
the presently analysed plant. By contrast, though, in the
cited study the highest average total dust concentration
occurred at a workstation of an elevator operator. It was
much higher than at the granulation stage of the process in
the analysed plant and several times exceed the PEL (22.98
mg/m3). Also, the research performed in Canadian mills by
Karpaciński [20] confirms high levels of dust pollution in
grain processing plants, in which the researcher showed the
concentration of dust in quantities exceeding 10 mg/m3.
The obtained results allow us to conclude that the dust level
in the examined feed mill is much lower than in cereal-
milling plants, in which there are significant exceedances of
hygienic standards.

Table 2 shows a summary of all the colonies of mould
fungi grown on different stages of the impactor. Altogether,
8,035 colonies of mould fungi grew from the samples
taken. The largest number of mould fungi in the air was pre-
sent at point I, where comminution of raw materials takes
place. At this position as many as 4,871 mould fungi
colonies grown on PDA and MA media were counted. 
At the packaging stage of production the number of mould
fungi present decreased threefold.

Unlike in the case of most physical and chemical agents
there are no relevant provisions relating to the microbio-
logical control of indoor air in Polish legislation. Also,
worldwide there are no commonly accepted evaluation cri-
teria and broadly recognized norms and methodological
recommendations. Considering the absence of generally
agreed guidelines for the microbiological quality of air, its
assessment is made on the basis of hygienic standards
defining the threshold concentration of microorganisms in
the air in relation to particular classes of premises.
Determination of the normative values is carried out with
reference to the studied environments and types of environ-
mental samples [21, 22]. 

According to the literature of the subject the degree of
microbial contamination of air should not exceed the level
of 6·102 cfu/m3 (cfu: colony forming units) [22]. By adopt-
ing such a criterion, the microbiological condition of the air
in the studied feed mill can be considered satisfactory. 

Table 3 presents the percentage share of respective
species of mould fungi determined in the studied samples
on the basis of their macro- and microscopic characteristics.
By comparison, Table 4 summarizes the total percentage
share of moulds isolated from all tested samples. The pre-
dominant type of mould present in feed mill air turned out
to be Aspergillus candidus, which accounted for 54.15% of
all species of mould fungi isolated from samples taken. 
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Table 1. Dust concentrations at specific points within the plant.

Location
Size 
[mm]

Dust concentration max.
[mg/m3]

Dust concentration min. 
[mg/m3]

Dust concentration avg. 
[mg/m3]

Dust – average daily 
concentration

Point I

1 0.504 0.138 0.2510 0.0623

2.5 0.678 0.428 0.4982 0.0461

4 0.947 0.663 0.7884 0.0526

10 1.760 0.677 1.2496 0.1669

Point II

1 0.305 0.116 0.1584 0.0266

2.5 1.150 0.327 0.5692 0.1879

4 1.190 0.373 0.6633 0.1578

10 2.110 0.740 1.0406 0.2676

Point III

1 0.191 0.098 0.1109 0.0148

2.5 0.292 0.228 0.2545 0.0131

4 0.394 0.285 0.3228 0.0196

10 0.779 0.339 0.4342 0.0521
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Mould fungi species
Point I Point II Point III

Quantity % Quantity % Quantity %

Absidia corymbifera 26 0.53 3 0.18 9 0.59

Aspergillus candidus 2460 50.50 936 56.83 955 62.95

Aspergillus flavus 1853 38.04 249 15.12 340 22.41

Aspergillus fumigatus 464 9.53 425 25.80 161 10.61

Eurotium amstelodami 4 0.08 1 0.06 - -

Mucor racemosus 3 0.06 2 0.12 9 0.59

Penicillium polonicum 1 0.02 3 0.18 4 0.26

Penicillium glabrum 54 1.11 - - - -

Rhizopus oryzae 5 0.10 3 0.18 2 0.13

Trichophyton sp. 1 0.02 1 0.06 1 0.07

Acremonium spp. - - 2 0.12 11 0.73

Aspergillus clavatus - - 1 0.06 - -

Aspergillus restrictus - - 3 0.18 7 0.46

Aspergillus terreus - - 2 0.12 - -

Aureobasidium pullulans - - 1 0.06 - -

Curvularia lunata - - 1 0.06 - -

Penicillium spp. - - 5 0.30 - -

Trichoderma spp. - - 9 0.55 1 0.07

Alternaria alternata - - - - 1 0.07

Aspergillus oryzae - - - - 2 0.13

Cladosporium spp. - - - - 1 0.07

Emericella spp. - - - - 1 0.07

Penicillium waksmanii - - - - 12 0.79

In total 4,871 100 1,647 100 1,517 100

Table 3. The percentage share of the various species of mould fungi in the collected samples.

Stage at which Petri
dish was placed in
Andersen impactor

Point I Point II Point III

PDA MA PDA MA PDA MA

1 434 894 224 436 260 426

2 370 790 172 384 100 368

3 342 709 40 220 19 156

4 68 663 19 73 9 69

5 51 435 13 48 4 56

6 20 95 2 16 3 47

In total 4,871 1,647 1,517

Table 2. Number of mould colonies grown.



In the samples from point III its share was almost 63%.
Aspergillus flavus was the second most numerous type of
mould present in the feed plant. Its total share within the
tested samples was 30.39%, while among the ones from
point I (comminution) it accounted for up to 38%. Another
large group was composed of moulds of family Aspergillus
fumigatus, whose total number of colonies reached 1,050
(13%). In the samples from point II (granulation), they
accounted for 25% of all isolated species. Other species of
mould fungi were present in small amounts, not exceeding
1% of all the species isolated from individual samples.

Kręgiel [23] investigated the microbial contamination
of air within a process room of a facility producing individ-
ual packages for the food industry. She noted that the cont-
amination of mould origin ranged from about 600 to 1,300
cfu/m3, and its level depended on the season. These values
were significantly lower than in the case of the studied feed

mill, which is a result of industry-specific characteristics.
Moulds of the following genera occurred mainly in the air
of the process room: Penicillium, Alternaria, and
Cladosporium spp., which is in contrast to the samples
taken from the feed plant, where they did occur in trace
amounts.

In feed plants the main sources of mould are raw feed
materials of plant origin and their treatment. The identified
contamination among the cereals, which are often feed
ingredients, is not greater than 104 cfu/g [24, 25]. 
The amount of mould in the material for feed depends on
its moisture content, and feed mixing environment, includ-
ing the temperature and the availability of oxygen. 
The presence of moulds entails the risk of mycotoxicoses –
diseases induced by mycotoxins (secondary metabolites of
moulds, especially of the genera: Penicillium, Aspergillus,
and Fusarium). Mycotoxins are extremely dangerous due
to their carcinogenic, mutagenic, teratogenic, and neurotox-
ic actions. Among animals, mycotoxins cause a decrease in
feed efficiency, deterioration of health, and immunosup-
pression. Animal mycotoxicoses through contaminated
food of animal origin may cause mycotoxicoses in humans
[26, 27]. Mould toxins may cause disorders of an acute or
chronic nature. Aflatoxins from Aspergillus flavus are
known carcinogens. Aflatoxins lead to liver damage,
including its fibrosis, and aflatoxin B1 may cause hepato-
cellular carcinoma. Furthermore, aflatoxin B1 was detected
in lung tissue of people who died of respiratory cancer, and
who worked in an environment highly contaminated with
moulds. Another of the mycotoxins, ochratoxin A, induces
the formation of tumors of the upper sections of the urinary
tract and is often the cause of kidney disorders – especially
mycotoxic nephropathy [28].

In addition, occupational exposure to organic dust may
lead to many respiratory illness syndromes such as diseases
of allergic nature: extrinsic allergic alveolitis (EAA), alve-
olitis allergica, bronchial asthma, allergic rhinitis, allergic
conjunctivitis, allergic diseases, and immunotoxic-based
diseases (organic dust toxic syndrome or ODTS, “sick
building syndrome”) [7]. 

The moulds of genera Penicillium and Aspergillus are
among the fungi posing the greatest threat to workers of a
feed-mixing plant. They may cause occupational asthma.
The results of the study show that moulds of the genus
Aspergillus, especially the ones of species Aspergillus fumi-
gatus, prevailed in the examined feed production plant.
Fungi of the genus Aspergillus can cause immunotoxic-
based respiratory disease, also known as aspergillosis. 
They may also cause allergies [29]. 

Allergic bronchopulmonary aspergillosis is caused by
inhalation of spores of fungi of genus Aspergillus. These
spores are not eliminated from the respiratory tract and
form colonies growing in the lumen of the bronchi. 
Acute inflammatory response caused by fungal protease
and cytokines released from the eosinophils cause destruc-
tion of lung epithelial cells [30]. This leads to chronic bron-
chitis and destruction of lungs and pulmonary fibrosis [31].

Some of the mould allergens have been well character-
ized. They are mainly proteins. Allergens isolated from
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Table 4. The total percentage share of mould fungi isolated
from all samples taken at the feed plant.

Mould fungi species Quantity %

Absidia corymbifera 38 0.47

Acremonium spp. 13 0.16

Alternaria alternata 1 0.01

Aspergillus candidus 4,351 54.15

Aspergillus clavatus 1 0.01

Aspergillus flavus 2,442 30.39

Aspergillus fumigatus 1,050 13.07

Aspergillus oryzae 2 0.02

Aspergillus restrictus 10 0.12

Aspergillus terreus 2 0.02

Aureobasidium pullulans 1 0.01

Cladosporium spp. 1 0.01

Curvularia lunata 1 0.01

Emericella spp. 1 0.01

Eurotium amstelodami 5 0.06

Mucor racemosus 14 0.17

Penicillium polonicum 8 0.10

Penicillium glabrum 54 0.67

Penicillium spp. 5 0.06

Penicillium waksmanii 12 0.15

Rhizopus oryzae 10 0.12

Trichoderma spp. 10 0.12

Trichophyton sp. 3 0.04

In total 8,035 100.00



spores and mycelium of Aspergillus fumigatus have a mol-
ecular weight of 11 to 90 kDa [32]. Allergens Asp f2 
(37 kDa) and Asp f4 (30kDa) are responsible for developing
bronchopulmonary aspergillosis. On the other hand, hyper-
sensitivity to proteins Asp f3 (18 kDa) and Asp f5 (42 kDa)
causes allergic asthma [33]. Also, enzymes produced by
moulds are responsible for allergic reactions. Phosphatase
(produced by A. niger) or beta-glucosidase (produced by
fungi of the genus Aspergillus), which is added to animal
feed in order to improve its digestibility and enhance the
nutritional value [34], should be mentioned in this regard.

Conclusions

The performed study enabled the assessment of work-
ing conditions at various workstations in a feed mill. 

Research on present concentrations of airborne organic
dust has led to the conclusion that the PEL values were not
exceeded, and the highest short-term exposure concentra-
tion of dust was recorded at the granulation stage.

The dominant airborne microflora in the feed mill was
composed of mould fungi of genus Aspergillus: candidus,
flavius, and fumigatus. They accounted for about 97% of
isolated species from all tested samples. The most contam-
inated samples came from point I (comminution).

Bearing in mind the threat posed by the presence of dust
and mould on workstations in feed mills, the level of dust
and mould contamination of the air in production plants
must be continuously controlled.
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