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Abstract: The presented quantitative and qualitative analysis of dust in agricultural
working environment is a continuation of the process of recognizing the exposure to
dust among private farmers. The study covers the following: determination of respirable
fraction of dust in the respiratory zone (on the background of total dust) while
performing individual farming activities which constitute an annual work cycle, organic
and mineral components of settled dust for basic groups of farming activities, and the
main mineral pathogenic component - free silica in airborne and settled dust. The study
was conducted on 5 farms specialising in: cultivation of cereals, root plants, vegetables,
dairy cattle and swine breeding and mixed production. The analysis of settled dust
covered 17 types of dust accompanying field work and farm/indoor activities. Studies of
airborne dust were conducted on farmers while performing 40 main work activities
which contributed to the annual work cycle. Results of the study confirmed the
following: agricultural work activities are accompanied by a high level of dustiness and
showed the presence of a respirable fraction in airborne dust of up to 25%, a higher
level of pathogenic free silica SiO2 in settled dust samples in the working environment
of a farmer, compared to dust in respiratory zone, a comparable level of SiO2 in total
and respirable airborne dust, and a high level of organic component in settled dust at
work activities with plant material. These results indicated that the evaluation of
farmers’ exposure to dust should be based on the examination of samples taken in the
respiratory zone while performing individual work activities.
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INTRODUCTION
The studies of dustiness in agricultural working
environment conducted by the Institute of Agricultural
Medicine in recent years were biased towards the
determination of farmers’ exposure to dust [12, 13, 15,
16, 17]. These were therefore pioneer studies, carried out
for the first time from the aspect of a workplace,
considering the whole farming work cycle and all changes
associated with the variety of work activities within this
cycle, levels of dustiness at performing these activities
and time of exposure. On the one hand, the studies
verified the strategy of measurement and evaluation of
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exposure to dust in changeable conditions, on the other,
they showed the potential health risk for farming
population caused by respirable dust.
Dust present in agricultural working environment
(agricultural dust) results from performing such work
activities as: shredding, mixing and pouring from one
place to another. These are typical dispersed sources, and
the dust aerosol produced is a multi-dimensional set of
particles - so-called dispersed dust. On an average farm, a
farmer performs working activities contributing to various
production processes. In plant and animal production the
sources of dust are seasonal work activities, such as
ploughing, harrowing, cultivation, sowing, crop harvesting,
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threshing, animal breeding, e.g. preparation and provision
of fodder, cleaning of animals, and also activities
associated with the storage of agricultural crops, and
repair and maintenance of agricultural machinery. The
above-mentioned work activities take place in contact
with soil, plants and animals; the respirable air therefore
contains, primarily, particles of these elements. Soil is the
primary source of mineral fraction containing the
products of weathering of local rocks, inorganic chemical
compounds introduced during soil cultivation and crop
maintenance - mineral fertilizers, pesticides, industrial
wastes and petrol fumes. The mineral soil components
which most frequently occur in our area (i.e. brown and
podzolic soil) are: silicates, aluminosilicates, clay
minerals, aluminium and iron oxides and calcite (calcium
carbonate). Among mineral components present in
agricultural dust, silica deserves special attention due to
its pathogenic properties. Clay fractions, so-called thick
and fine dust with a particle size of 20–2 micrometers, are
mainly silica. The source of organic fraction in
agricultural dust are plants and animals, and the
accompanying microbes and organic substance of soil
origin. This fraction consists of decomposed parts of
plants (e.g. post-harvest remains), organic fertilizers
(manure, composts, green manure), decomposed bodies of
micro- and macrofauna, as well as decomposed
microorganisms [14, 36].
Thus, agricultural dust is of a dispersed - multidimensional,
but also polymorphic - multi-component character.
The reaction of the human body to inhalation of such
varied dust in the respiratory zone depends on the
structure and morphology of the dust. The structure of the
human respiratory system resembles a technical set of
narrowing conduits. In such a system a gradual filtration
of dust aerosol takes place, which results in the finest
components of aerosol penetrating into the narrowest
ducts, which within this final section of the respiratory
system are the bronchioli and pulmonary alveoli. Thick
dust settles in the upper respiratory and tracheo-bronchial
region, and, to a high degree, is expectorated and
discharged as a result of the natural process of selfpurification. The finest dust penetrating into the alveoli
may cause the greatest harm due to their large total
surface area, compared to that of the upper airways,
although dust retained there cannot be treated as
biologically neutral. The type and course of body reaction
to dust will depend not only on the general quantity of
dust potentially respirable, but also on the value of the
finest fraction and individual components of recognized
pathogenic effect.
In the light of the above-mentioned data concerning
agricultural dust and its distribution in the respiratory
system, a need appears for the continuation of studies of
the exposure of farmers to dust in order to discover the
exposure to respirable dust fractions, and also the contents
of the 2 basic dust components - mineral and organic. To
date, studies of agricultural working environment
conducted by the Institute of Agricultural Medicine, as

well as data concerning occupational diseases among
rural population, have confirmed that in this environment
there exists health risk caused by agricultural dust [2, 3,
15, 16, 17, 35].
MATERIAL
The studies covered airborne dust present in the
respiratory zone of a farmer at work and dust settled on
the surface of machines, equipment and background at the
place where working activities are performed. Studies
were conducted on 5 family farms located in the
following communes: Lublin, Jastków, Konopnica, and
Niemce. These farms carry out specialised production:
cultivation of cereals, root plants, vegetables, breeding of
dairy cattle and swine (size of the farms being 30–62 ha),
and mixed production (18–20 ha). The farms are equipped
with tractors and combine harvesters for cereals and root
vegetables, and some farms possess machines for
harvesting other cultivated plants. The owners of the
farms are aged 37–52, and work exclusively in an
agricultural environment.
METHODS
Standardised methods were applied in field and
laboratory studies. The level of airborne dust - total and
respirable - was determined by a weighing method [23, 24]
and personal equipment: AP-DVSLUDWRUV250('àyG(
Poland, and SKC/224-PCEX7 aspirators, SKVC Ltd,
Dorset, UK. In both fractions of airborne dust the contents
of free silica was determined by colorimetric method [25],
with the use of the following spectrophotometers: Specol
11, Carl-Zeiss, Yena, Germany, and Marcel Mini Eco,
MARCEL Sp. Z.o.o, Warsaw, Poland. The same method
was applied for the determination of this component in
settled dust. The contents of organic and mineral
components in settled dust was also analysed by the
method of total combustion of organic components
contained in the sample (total ash) at a temperature of
approximately 900ºC [26]. In studies of settled dust, the
sample for analysis was the fraction below 100
micrometers. For organic agricultural dust particles, the
density of which remains within 1–2 g cm-3, this fraction
possesses the potential of respirable dust. This means that
the particles of this fraction may occur in airborne dust in
the respiratory zone long enough to get into the stream of
the air inhaled by a farmer at work. Studies of each type
of settled dust were based on analysis of the composition
of 3 samples. The determinations of the level of free silica
in the ash - residues after the combustion of settled dust were performed 3 times for each ash sample. The level of
this component in airborne dust was determined in joint
dust samples due to too small weighed portions of dust in
individual samples. Dust in the respiratory zone was
collected in 2 series covering 2 measurements of total
dust concentration each and 2-6 measurements of the
level of respirable dust.
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Table 1. Composition of selected types of dust settled on surfaces inside tractor cabin, combine harvester and agricultural equipment while
performing agricultural activities.
Settled dust sampling site

Contents of organic
fraction in settled dust, (%)

Contents of mineral fraction
(ash) in settled dust, (%)

Level of SiO2
in settled dust, (%)

Tractor - cultivation of soil

1.2-5.7

94.3-98.9

28.2-65.2

Tractor - maintenance of crops

3.0-6.2

93.8-97.0

28.0-61.0

Tractor - hay making and raking

18.2-36.0

64.0-81.8

19.2-54.0

Combine harvester - harvesting of wheat

48.0-82.3

17.7-52.0

5.3-34.3

Combine harvester - harvesting of rye

61.0-72.0

28.0-39.0

8.3-24.7

6.4-10.0

90.0-93.6

27.0-60.8

2.1-3.0

97.0-97.9

28.9-64.6

Thresher - wheat threshing

79.0-89.2

10.8-21.0

3.2-13.9

Thresher - rye threshing

80.0-85.2

14.8-20.0

4.5-13.1

Thresher - bean threshing

76.2-88.0

12.0-23.8

3.6-15.7

Tractor and potato harvester - potato digging
Tractor and beet harvester - digging of sugar beet roots

Grain cleaner - cleaning of grain

94.0-95.6

4.4-6.0

1.2-3.4

Mixer - mixing of dry components of fodder

94.0-96.6

3.4-6.0

0.8-3.0

Grain mill - grinding of grain for fodder in a farmhouse

93.6-97.7

2.3-6.4

0.7-4.2

2.0-3.4

96.6-98.0

27.1-64.3

Circular saw - cutting of tree trunks into planks

82.0-96.9

3.1-18.0

0.9-11.3

Circular saw - cutting of thin tree trunks

81.6-93.4

6.6-18.4

17-12.1

Sorting machine and packing machine - sorting and packing
potatoes in a farmhouse

RESULTS
The following 7 groups of work activities were
distinguished which contribute to the typical technologies
applied on farms carrying out basic plant and animal
production:
• cultivation and treatment activities: spring ploughing,
post-harvest ploughing, harrowing, cultivation, disk
harrowing, work with deep plough, cultivation with
aggregate, rolling of soil, mechanical and manual
cultivation of crops.
• fertilizing: sowing of mineral fertilizers, fertilizing with
natural fertilizers;
• sowing, planting: sowing seeds with a grain drill,
potato planting, manual sowing and planting;
• plant treatment: chemical spraying of crops, treatment
of seed-grain;
• plant harvesting: harvesting of cereals with combine or
cutter, collecting and pressing straw, cutting of plants
with Orkan, harvesting of leguminous plants and sweet
corn with a combine, cutting leaves or tops, digging of
potatoes and beetroots, manual harvesting and
vegetable sorting, manual harvesting of fruits;
• farming activities: care of animals (cattle and swine),
grain threshing, bean threshing, sorting and packing of
potatoes, crushing of grain, cleaning of grain, mixing of
fodder, cutting of wood with chain and circular saws,
cleaning activities;
• other activities: manual reloading, work with Cyklop
and Tur loaders, repair, transport.

Settled dust. The studies of settled dust covered 17 types
of dust accompanying the above-mentioned work activities.
Table 1 and Figure 1 present the results of study of these
types of dust. The mineral fraction constitutes the main
component of dust settled on a tractor during cultivation
and treatment activities and harvesting of root crops, also
of dust settled on potato sorting machine and packer from 90.0–98.9%. The greatest percentage of organic
fraction was noted in dust settled on grain mill, corn
cleaner and mixer - from 93.6–97.7%. Combine harvesting
of cereals is a source of dust with similar percentages of
both fractions, the organic component being dominant.
However, dust settled on the surface of a thresher during
stationary grain threshing in a farm room contained up to
1/4 mineral component. Here, we should expect the
presence of a considerable number of microbes, especially
during threshing performed in winter, when the conditions
of storage of the crops (sheaves of cereals, bean haulms)
are conducive to the development of microorganisms.
The analysis of ash in order to determine the contents of
free silica showed the presence of this component in
various samples - from 30–66% of the ash mass. For the
mass of the whole ash sample, SiO2 constituted from
0.9% in settled dust on fodder mixer to 64.6% in dust
settled on a tractor and beets combine harvester during
harvesting of beetroots. The spread of the results obtained
resulted from a non-uniform morphology of the collected
samples of settled dust, which, in turn, is associated with
the heterogeneous character of dust, both in airborne and
settled phases.
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Table 2. Total and respirable dust at agricultural activities.

Range of dust concentrations

Type of work activity

Total Ct
(mg m-3)

Respirable Cr
(mg m-3)

Range of
Ct/Cr (%)

Level of SiO2 in dust
Total
(%)

Respirable
(%)

9.1; 17.0

6.1; 20.5

8.5-18.0

5.2-17.0

Crop cultivating and maintenance activities
Spring ploughing

7.7-23.8

1.0-3.1

12.9-13.2

Post-harvest ploughing

14.5-81.2

1.9-10.8

13.3

Harrowing

11.1-26.1

1.1-2.5

9.7

Cultivation of soil

5.1-15.7

0.5-1.6

10.0

Disk harrowing, work with a disk harrow

3.1-13.0

0.3-1.3

10.0

11.5-17.2

1.2-1.8

10.0
25.5

Cultivation with an agricultural unit
Rolling of soil

4.7-21.6

1.2-5.5

Mechanical crop cultivation

4.5-31.8

0.7-5.2

16.4

11.2; 22.0

10.3; 19.8

Manual crop cultivation - weeding

3.3-16.8

0.5-2.4

13.9-14.0

7.4; 20.5

12.0; 18.6

4.4-17.2

0.3-1.2

7.2-7.3

6.9; 13.2

8.1; 17.4

4.1-7.2

0.2-0.4

5.8-5.9

9.1-15.2

10.0-14.8

Fertilizing
Sowing mineral fertilizers
Fertilizing with natural fertilizers

Sowing and planting
Sowing seeds with a seeder

5.6-11.3

0.4-0.9

7.5

Potato planting

7.2-28.0

0.5-2.1

7.5

4.8-11.5

0.2-0.4

3.8

Manual sowing, planting

Plant protection activities
Spraying

2.3-5.1

0.2-0.6

9.1-11.2

16.2

21.0

3.9-8.8

12.2

9.3-10.4

8.8-13.2
14.6

Crop harvesting
Combine harvesting of cereals

31.7-72.9

Harvesting of straw, pressing

4.0-17.9

0.3-1.5

8.0-8.1

8.5; 15.7

Cutting plants with Orkan

4.4-10.0

0.3-0.6

6.1

12.2

14.1

10.0-18.2

1.2-2.2

12.0-12.1

9.0-12.8

6.3-11.9

Cutting green fodder with a mower

2.7-6.3

0.4-0.9

13.9-14.1

9.6

10.2

Hay making, raking

3.5-7.8

0.3-0.6

7.9-8.0

Rolling, pressing of hay

5.3-8.4

0.4-0.7

7.9-8.1

11.5

12.0

Combine harvesting of beans

Combine harvesting of sweet corn

4.4-13.9

0.8-2.5

17.7-17.8

9.0-12.8

6.3-11.9

Cutting of leaves, tops

5.4-19.9

0.4-1.4

7.0

13.1

13.1

Potato digging

7.5-30.6

0.9-3.8

12.4

4.1-17.2

6.0-18.0

5.1-9.8

0.6-1.2

12.4

18.0

18.0

4.1-10.1

0.2-0.5

5.1-5.2

11.2

10.0

2.2; 7.0

4.2

1.1-9.0

1.0-7.9

32.8-5.9

to 3.2

Sugar beet roots digging
Manual harvesting and sorting of vegetables

Farm/indoor activities
Care of farm animals - cattle

1.7-7.0

0.2-0.7

9.4-9.6

Care of farm animals- swine

2.6-8.9

0.2-0.8

9.2-9.4

Threshing of grain

26.2-95.4

2.8-10.0

10.5

Threshing of beans

18.1-40.0

1.5-3.3

8.3

Crushing of grain

26.3-78.7

3.7-10.6

13.9

Cleaning of grain

12.4-36.9

1.7-5.1

13.9

Mixing of fodder

13.0-21.8

0.7-1.2

5.5

Sorting and packing of potatoes

53.8-85.8

6.0-9.6

11.2

10.5-20.5

9.6-16.2

Cutting wood with circular saw

11.3-28.2

0.7-1.8

6.2

to 3.0

to 3.0

Other activities (reloading, repair, transport)
Manual reloading of dusty materials (grain, straw)

13.7-40.0

2.4-6.9

17.2

3.6-9.0

3.0-7.9

Manual reloading of low-dusty materials (ensilage, manure)

0.8-1.6

0.1-0.3

17.5

4.8

4.8

Work with loader (soil, manure)

0.7-2.0

0.04-0.1

5.0-5.1

Transport (by field track)

2.8-6.3

0.7-1.6

25.0-25.1

14.2

14.2
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Airborne dust. Table 2 presents results of the
measurements of the concentration of total and repirable
dust, as well as results of determinations of the level of
free silica SiO2 in this dust. The considerable spread of
values obtained is noteworthy. This is associated
primarily with non-stable release of dust in the course of
work, changeable conditions accompanying work at the
subsequent measurement cycles, and finally, with the

previously mentioned heterogeneous character of airborne
dust, especially in a space not isolated from external
conditions. In the mass of inhaled total dust, respirable
dust occurs in the quantity of 5.0–25.1%, and most often
constitutes up to 10% of total dust. The lowest percentage
of respirable dust was observed during manual sowing
and planting, work with a loader, cutting plants with
Orkan, and cutting leaves and tops, whereas the highest
percentage of this dust was noted during transport, sweet
corn combine harvesting, and manual reloading. The
compilation of results of measurements of airborne dust
concentrations, presented in Figure 1, confirms that the
highest risk caused by dust occurs at farm/indoor,
cultivation and treatment activities.
Studies of the level of free silica in airborne dust
showed the greatest amounts of this mineral component in
dust accompanying mechanical and manual treatment of
crop, spring ploughing and beets digging. A relatively low
level of SiO2 was noted in dust during reloading and
animal care activities. The analyses indicated that the
levels of free silica generally remained on a similar level
in both fractions examined. Slightly greater levels of
silica were noted in respirable dust during chemical plant
protection and fertilizing - work activities performed in a
closed cabin, which resulted in a greater amount of fine
particles penetrating into the interior of the cabin through
leaks (Fig. 3). Figure 4 presents the range of concentrations
of free silica dust - total and respirable - obtained for 7
groups of agricultural activities. The highest values of
concentrations and the greatest spread of these values
were noted in the group of cultivation and treatment
activities, as well as household activities. The comparison
of the levels of SiO2 in settled and airborne dust (Fig. 5)
showed that greater amounts of these components were
present in settled dust. This is due to thicker silica
fractions which do not occur in the airborne phase in the
respiratory zone. Due to a higher density of SiO2 particles
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Figure 3. Percentage of SiO2 in airborne dust.

6L2
 

Figure 1. Concentration of total dust Sc and respirable dust Sr at work
activities on private farms.

Figure 2. Contents of organic and mineral fractions, and free silica SiO2
in settled dust.
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Figure 4. Concentration of free silica SiO2 in respirable zone.

Figure 5. Level of SiO2 in settled and airborne dust in respiratory zone.

(ρ quartz is 2.645 g cm-3) the level of this component in
airborne dust is smaller than that of a lighter organic
component, compared to static settled dust.

2 main dust fractions containing basic pathogens. This
allows us to draw conclusions concerning risk while
performing individual farming work activities. In order to
assess the exposure, dust should be taken primarily in the
respiratory zone as its composition may differ from that
of settled dust. This is confirmed by comparative studies
of the level of main mineral pathogen - free silica - in
airborne and settled dust [5]. Occasionally, it is necessary
to conduct studies of settled dust, because with the use of
personal measurement methods of airborne dust it is often
difficult to obtain samples of a mass which would be
sufficient for further laboratory analyses.
The potential negative health effects of exposure to
dust among farmers are determined by the level of
exposure and type of dust, i.e. type and contents of
pathogenic factors. Hence, it is important to conduct more
comprehensive studies which would correctly evaluate the
existing risk and allow for the planning of properly biased
prophylactic actions.
In order to determine the actual health risk among rural
population it is extremely important to conduct more
comprehensive studies of dust and recognize dust fraction
penetrating into individual sections of the airways
(inhalable, extrathoracic, tracheobronichial, tchoracic and
respirable fractions) [27, 28], because biological effects of
mineral and organic pathogens are induced by dust
deposited in various sections of the respiratory system.
Such studies will be the continuation of the present report.
Similarly, more comprehensive studies should be
undertaken of the organic fraction of agricultural dust.

DISCUSSION
In Poland, studies of dust in agricultural working
environment seem to be the domain of the Institute of
Agricultural Medicine. International reports refer to
selected types of work activities and elements of
evaluation of exposure to agricultural dust, i.e. total and
respirable dust, silica (quartz) or microbes. These studies
are more or less complex, but do not, however, lead to the
evaluation of exposure of a farmer from the aspect of a
workplace. Generally, the results of foreign studies should
not be precisely applied to Polish agriculture, because
dust, heterogeneous in its nature, is characteristic of
specific environmental conditions (climate, type of soil),
as well as technical and technological. Dustiness in
animal rooms was on a similar level [1, 7, 22, 31, 33, 34],
while it varied considerably during field work [10, 18,
19]. Similar variations were observed in the results of
studies of the contents of free silica in airborne dust [1, 6,
9, 29, 30, 32].
The main source of microbes on farms are breeding
animals and cultivated plants, especially during their
storage, whereas soil does not create a significant risk
[19]. The results of the studies which have been
conducted by the Institute until today indicate a high
content of microbes and bacterial endotoxin in the air of
animal rooms and farm buildings used for grain threshing
and storage [2, 3, 4, 38]. International reports, which
mainly concern bacterial endotoxin in this environment,
also confirma considerable pollution of the air with these
factors [1, 5, 8, 11, 20, 21, 31, 33].
The present studies of settled dust should be considered
as a preliminary recognition of the proportion between the

CONCLUSIONS
The results of the studies of dust in agricultural
working environment showed:
• a high level of dustiness accompanying agricultural
work activities;
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•

the contents of respirable fraction in airborne dust up to
25%;
• the presence in airborne dust of pathogenic free silica
in all dust samples analysed; the highest during
mechanical and manual maintenance of crops, sorting
and packing potatoes, field cultivation activities, beets
and potato digging;
• a higher level of SiO2 in the samples of settled dust
collected in the working zone of farmers compared to
dust in the respiratory zone; a comparable level of SiO2
in both fractions of airborne dust - total and respirable;
• a high level of organic component in the samples of
settled dust on the surface of threshers during threshing
grain and beans in farm buildings in winter season; the
presence of especially high levels of pathogenic
microflora should be anticipated due to conditions of
storage conducive to its development.
The results obtained allow us to presume that the
evaluation of exposure should be based on the analysis of
samples taken mainly in the respiratory zone of a farmer,
due to the heterogeneous character of agricultural dust
and its varied composition.
REFERENCES

1. Attwood P, Brouwer R, Ruigewaard P, Versloot P, DeWit R,
Heedrik D, Boleij JSM: A study of the relationship beetween airborne
contaminants and environmental factors in dutch swine confinment
buildings. Am Ind Hig Assoc J 1987, 8, 745-751.
2. Dutkiewicz J: Bacteria and fungi in organic dust as potential health
hazard. Ann Agric Environ Med 1997, 4, 11-16.
3. Dutkiewicz J, Pomorski ZJH, Sitkowska J, .U\VLVND-Traczyk E,
6NyUVND&3UD*PR=&KROHZD*:yMWRZLF]+$LUERUQHPLFURRUJDQLVPV
and endotoxin in animal houses. Grana 1994, 33, 85-90.
4. 'XWNLHZLF] - 0RáRF]QLN $ 3\á\ RUJDQLF]QH SRFKRG]HQLD
UROLQQHJR L ]ZLHU] FHJR 2UJanic dust of plant and animal origin).
3RGVWDZ\ L 0HWRG\ 2FHQ\ URGRZLVND 3UDF\ 0L G]\UHVRrtowa
.RPLVMD GR VSUDZ 1DMZ\*V]\FK 'RSXV]F]DOQ\FK 6W *H L 1DW *H
Czynników SzkodliZ\FK GOD =GURZLD Z URGRZLVNX 3UDF\ :Drszawa
1998, 18, 151-185 (in Polish).
5. Eduard W: Exposure to non-infectious microorganisms and
endotoxins in agriculture. Ann Agric Environ Med 1997, 4, 179-186.
6. Green FHY, Yosida K, Fick G, Paul J, Huhg A, Green WF:
Characterization of airborne mineral dusts associated with farming
activities in rural Alberta, Canada. Int Arch Occup Environ Health 1990,
6, 423-430
7. Jolie R, Bäckström L, Gundreson P: Airborne contaminants and
farmers health in swine farms with high and low prevalence of
respiratory diseases in pigs. Ann Agric Environ Med 1998, 5, 87-92.
8. Kullman GJ, Thorne PS, Waldron PF, Marx JJ, Ault B, Lewis DM,
Siegel PD, Olenchock SA, Merchant TA: Organic dust exposure from
work in dairy barns. Am Ind Hyg Assoc J 1998, 58, 403-413.
9. Lawson RJ, Schenker MB, McCurdy SA, Jenkins B, Lischak LA,
John W, Scales D: Exposure to amorphous silica fibers andother
particulate matter during rice farming operations. Appl Occup Environ
Hyg 1995, 10, 677-684.
10. Louhelainen K, Kangas J, Husman K, Terho EO: Total
concentrations of dust in the air during farm work. Eur J Respir Dis
1987, 71 (Suppl. 152), 73-79.
11. Louhelainen K: Farmers' exposure to dusts and gases in dairy
farms. Department of Environmental Sciences University of Kuopio.
Kuopio 1997.
12. 0RáRF]QLN$2FHQDHNVSR]\FMLSUDFRZQLNyZQDS\á\UROQLF]H–
stan aktualny i potrzeby (Evaluation of occupational exposure to
agricultural dust - current state and needs). %H]SLHF]HVWZR3UDF\ 1993,
5, 7-11 (in Polish).

77

13. 0RáRF]QLN $ =DS\OHQLH Z UROQLF]\P URGRZLVNX SUDF\ MDNR
otwarty problem higieniczny (Dustiness in agricultural working
environment as an open hygienic problem). In: Solecki L (Ed):
=DJUR*HQLD IL]\F]QH Z UROQLFWZLH. Institute of Agricultural Medicine,
Lublin 1999, 58-66 (in Polish).
14. 0RáRF]QLN $ 6NáDGQLNL S\áX UROQLF]HJR MDNR SRWHQFMDOQH
czynniki patogenne (Agricultural dust components as potential
pathogenic factors). In: Zagórski J (Ed): Choroby zawodowe i
parazawodowe w rolnictwie. Institute of Agricultural Medicine, Lublin
2000 (in Polish).
15. 0RáRF]QLN $ =DJyUVNL - ([SRVXUH WR GXVW DPRQJ DJULFXOWXUDO
workers. Ann Agric Environ Med 1998, 5, 127-130.
16. 0RáRF]QLN$=DJyUVNL-([SRVXUHRIIHPDOHIDUPHUVWRGXVWRQ
family farms. Ann Agric Environ Med 2000, 7, 43-50.
17. 0RáRF]QLN$=DJyUVNL-([SRVXUHRIIDUPHUVWRGXVWRQSULYDWH
farms of various production profiles. Ann Agric Environ Med 2001, 8,
151-161.
18. Nieuwenhuijsen MJ, Kruize H, Schenker MB: Exposure to dust
and its particle size distribution in California agriculture. Am Ind Hyg
Assoc J 1998, 58, 34-38.
19. Nieuwenhuijsen MJ, Noderer KS, Schenker MB, Vallyathan V,
Olenchock S: Personal exposure to dust, endotoxin and crystalline silica
in California agriculture. Ann Occup Hyg 1999, 43, 1, 35-42.
20. Olenchock SA, May JJ, Pratt DS, Morey PR: Occupational
exposures to airborne endotoxins in agriculture. Prog Clin Biol Res
1987, 231, 475-487.
21. Olenchock SA, May JJ, Pratt DS, Piacitelli LA, Parker JE:
Presence of endotoxins in different agricultural environments. Am J Ind
Med 1990, 18, 279-284.
22. Pickrell JA, Heber AJ, Murphy JP, Henry SC, May MM, Nolan
D, Oehme FW, Gillespie JR, Schoneweis D: Characterization of
particles, ammonia and endotoxin in swine confinement operations. Vet
Human Toxicol 1993, 5, 421-428.
23. PN-91/Z- 2FKURQD F]\VWRFL SRZLHWU]D %DGDQLD
]DZDUWRFL S\áX 2]QDF]DQLH S\áX FDáNRZLWHJR QD VWDQRZLVNDFK SUDF\
PHWRG ILOWUDF\MQR-ZDJRZ (Air pollution control. Studies of dust
content. Determination of total dust at work places by filtrationweighing method.) (in Polish).
24. PN-91/Z- 2FKURQD F]\VWRFL SRZLHWU]D %DGDQLD
]DZDUWRFLS\áX2]QDF]DQLHS\áXUHVSLUDELOQHJRQDVWDQRZLVNDFKSUDF\
PHWRG ILOWUDF\MQR-ZDJRZ (Air pollution control. Studies of dust
content. Determination of respirable dust at work places by filtrationweighing method.) (in Polish).
25. PN-91/Z- 2FKURQD F]\VWRFL SRZLHWU]D %DGDQLD
]DZDUWRFL ZROQHM NU\VWDOLF]QHM NU]HPLRQNL 2]QDF]DQLH ZROQHM
NU\VWDOLF]QHM NU]HPLRQNL Z S\OH FDáNRZLW\P L UHVSLUDELOQ\P Z
REHFQRFLNU]HPLDQyZQDVWDQRZLVNDFKSUDF\PHWRGNRORU\PHWU\F]Q
(Air pollution control. Studies of free silica content. Determination of
free silica in total and respirable dust in the presence of silicates at work
places by colorimetric.) (in Polish).
26. PN-ISO 2171 ZLDUQR ]Ey* L SU]HWZRU\ ]ER*RZH 2]QDF]DQLH
SRSLRáX FDáNRZLWHJR (Cereals and cereal products. Determination of
total ash.) (in Polish).
27. PN-(1  $WPRVIHUD PLHMVFD SUDF\ 2NUHOHQLH VNáDGX
]LDUQRZHJR GOD SRPLDUX F]VWHN ]DZLHV]RQ\FK Z SRZLHWU]X
(Atmosphere at work places. Determination of grain composition for
measurement of particles suspended in air.) (in Polish).
28. PN-,62-DNRüSRZLHWU]D'HILQLFMHIUDNFMLS\áXVWRVRZDQH
SU]\ SRELHUDQLX SUyEHN GR RFHQ\ ]DJUR*HQLD ]GURZLD (Quality of air.
Definitions of dust fractions applied during sampling for evaluation of
health risk.) (in Polish).
29. Popendorf WJ, Pryor A, Wenk HR: Mineral dust in manual
harvest operations. Ann Am Conf Gov Ind Hyg 1982, 2, 101-115.
30. Popendorf W, Donham KJ, Easton DN, Silk J: A synopsis of
agricultural respiratory hazards. Am Ind Hyg Assoc J 1985, 3, 154-161.
31. Preller L, Heederik D, Kromhout H, Boleij JSM, Tielen MJM:
Determinants of dust and endotoxin exposure of pig farmers:
development of a control strategy using empirical modelling. Ann Occup
Hyg 1995, 39, 545-557.
32. Stopford CM, Stopford W: Potential for respirable quartz from
North Carolina farm soils. Scand J Work Environ Health 1995, 21
(Suppl. 2), 44-46.

78

0RáRF]QLN$

33. Vinzents P, Nielsen BH: Variations in sxposures to dust and
endotoxin in Danish piggeries. Am Ind Hyg Assoc J 1992, 4, 237-241.
34. Virtanen T, Kalliokoski P, Vilhunen P, Taivainen A, Mäntyjärvi
R: Concentrations of specific dusts in swineries and the humoral
response of swinery workers. Allergy 1990, 45, 354-362.
35. Wypadki przy pracy iFKRURE\]DZRGRZHUROQLNyZRUD]G]LDáDQLD
prewencyjne KRUS w 2000 roku. (Occupational accidents and diseases

among farmers and preventive actions by Agricultural Social Insurance
Fund in the year 2000.) .DVD 5ROQLF]HJR 8EH]SLHF]HQLD 6SRáHF]QHJR
Warszawa 2001 (in Polish).
36. =DJUR*HQLD ELRORJLF]QH Z UROQLFWZLH %LRORJLFDO KD]DUGV LQ
agriculture). Dutkiewicz J (Ed). Instytut Medycyny Wsi, Lublin 1998 (in
Polish).

