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The aim of the work was to review the studies on biological factors, having been conducted in the following branches of agri-
cultural industry in Ukraine: cattle-breeding enterprises (farms) for cows and pigs, animal feed facilities, production of bio-
fuel from rape and pellets of the agricultural waste (wood and straw). In all facilities there have been determined: concentra-
tions of the dust and microorganisms in the air and species composition of microflora. The dust concentrations in animal
farms ranged from 6—218 mg/m?, while in animal feed facilities they ranged from 30—260 mg/m?. The dust concentrations
in the facilities, producing biofuel from rape, were in the range of 4,0-28,0 mg/m?, in agricultural waste (wood and straw) —
4,8—16,0 mg/m3. The determined values exceeded the maximal available concentration (MAC) in most cases, which were
4 mg/m?. The concentrations of microorganisms in animal farms were 5,8 * 10°—1,9 « 107 cfu/m?and 4,8 « 10*—1,6 * 10° cfu/m3,
respectively, while in animal feed facilities they ranged from 2,8 < 10* to 2,9 « 10° c¢fu/m? and from 1,9 « 10? to
2,2 + 106 cfu/m3, respectively. The concentrations of microorganisms in the facilities, producing biofuel from rape, were in
the range of 1,6 * 103—5,8 « 10° cfu/m?, in agricultural waste (wood and straw — 1,7 = 10*=1,8  10° cfu/m?). The results
of microbiological investigations, conducted in various kinds of agricultural settings, indicate clearly that the airborne bio-
logical factors play a primary role among occupational risk factors, which can exert harmful effects on the state of health of
the exposed workers. The formation of the harmful biological factor depends on the specificity of the setting, kind of techno-
logical operations, degree of mechanization, properties of the processed materials, temperature and humidity, and the con-

centration of the dust in the air.
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Introduction

There are many agricultural facilities in which bio-
logical factors is a main occupational hazard. These
facilities cover both small farms and great industrial
complexes, such as animal feed factories. Recently,
there has been found a number of facilities, process-
ing genetically modified plants, for production of die-
sel biofuel from rape and agricultural waste, using
wood and straw as pellets [24].

In the present time there are known constituents of
agricultural bioaerosols, which can cause such infec-
tious diseases as: anthrax, Q fever, ornithosis, tul-
araemia, brucellosis, salmonellosis, aspergillosis and
many others [4]. Pathogenic properties of «sapro-
phytic» bacteria and fungi are known by their ability
to produce allergens and toxins (endotoxins, myco-
toxins). They play an important role in etiology and
pathogenesis of different human work-related respira-
tory diseases, such as extrinsic allergic alveolitis
(hypersensitivity pneumonitis), allergic rhinitis, bron-
chial asthma, organic dust toxic syndrome (ODTS,
toxic pneumonitis), and pulmonary mycoses [ 10].

So, the aim of the present work was to review the
results of studies on biological factors, which have

been conducted in some important branches of agri-
cultural industry.

Subjects and methods

The studies were performed in 10 animal houses, 5
animal feed facilities, 6 factories, producing diesel
biofuel from rape and agricultural waste from wood
and straw as pellets.

The hygienic estimation of microclimate and dust was
conducted according to the State Standard. The dust
concentration was determined by a gravimetric method.
In general, there have been examined 1400 dust samples.

The microbiological samples were collected by the
method of impaction on agar media, using a Krotov
impactor. Bacterial samples were detected by micro-
scopic and biochemical methods, as recommended in
the Bergey's Manual. Fungi were determined by
microscopic and biochemical methods, according to
Bilay & Pidoplitchko [ 1], and Pidoplitchko [ 15].

The microbiological air pollution was assessed
basing on the GOST (Standard) 12.1.005-88 [18]. In
general, there have been analyzed 2400 microbiologi-
cal samples.




453 2017

Technological processes. Investigations of the
technological processes in the examined facilities
showed that they included similar operations: trans-
portation, unloading and loading, weighting, and
storage of materials and the final products. In animal
farms the most important operations are feeding and
sweeping the rooms, while in animal feed facilities
and in other facilities when processing plant materials
the operations included drying, sieving, grinding and
granulation of the product.

Microclimate. In formation of bioaerosols, tempera-
ture and relative air humidity in production rooms and
in the outside environment play a significant role. It
was found that changes of microclimate parameters in
all examined facilities showed similar trends and distin-
guished itself by the marked fluctuations, depending on
production specificity, construction failures, operation
of the ventilation system and on the season of the year.

In animal houses, the mean air temperature varied
in the cold period between 8—18 °C and in the warm
period — between 15—27 °C. The relative humidity
was between 52—83 % [19].

When processing plant materials for biofuel, the air
temperatures were 15—19 °C in the cold period and in
the warm period — 20—30 °C. The relative air humidity
varied from 60 to 75 %. The high temperatures up to
30 °C were recorded when drying the plant material [24].

In animal feed facilities, the air temperatures varied
in the cold period from 15 to 20 °C and in the warm
period — 22—35 °C. The relative humidity was
between 60—80 %. High air temperatures were
recorded in the rooms for thermal processing, grind-
ing and granulating the plant material [19].

Dust. In agricultural settings, most of technological
operations are accompanied by the dust emissions into
the breathing zone of workers. This is an organic dust,
consisting of many components. It contains silica, bio-
logically active plant and animal substances with aller-
genic properties, wide spectrum of microorganisms
and their products (toxins, enzymes), and other bio-
logical agents, such as particles of mites and insects.

It has been found that the dust concentration in
animal houses was 6—208 mg/m?. High dust con-
centrations were found in loading the fodder, feeding
animals and when removing the manure. The dust
concentration in the air (4 mg/m?) exceeded the
MAC by up to 50 times [17].

In facilities, processing the rape for biofuel, the
dust concentration in the air ranged between 3,6—
28,0 mg/m? [24]. High dust concentrations were

recorded in transportation, sieving and drying of the
rape, wood and straw. The MAC was exceeded up to 7
times, less than in other agricultural settings. The
relatively low dust concentrations could be explained
by high humidity of the processed plant material, sig-
nificantly decreasing the dustiness.

In animal feed producing facilities, the dust con-
centrations in the air were between 35—306 mg/m?.
High dust concentrations were recorded in grinding
and granulating the feed and in distribution of the
final product. The MAC was exceeded by 8—75 times.

In all examined facilities the dust emissions depended
on the level of mechanization, equipment, proportion of
the operations taken manually, and of properties and the
degree of dustiness of the materials being processed.

The organic dust presents a favorable medium for
numerous species of bacteria and microscopic fungi,
able to produce allergens and toxins, depending on
the temperature and air humidity [7, 8, 16].

In all examined facilities there was found a direct posi-
tive correlation between the concentrations of dust and
microorganisms in the air of working zone. The correla-
tion coefficients (r) ranged from 0,7 t0 0,8, at p < 0,01.

Microorganisms. The concentrations of microor-
ganisms in the air of the working zone in animal
houses ranged from 5,8 « 10* to 1,9 + 107 cfu/m?.
The maximum allowable concentration (MAC, equal
to 5,0 « 10* cfu/m?) was exceeded by up to 380
times. The highest concentrations were recorded in
unloading the plant materials, when feeding animals
and cleaning animal rooms.

In processing the rape for diesel biofuel, the concen-
trations of microorganisms in the air ranged from 1,5 *
103 t0 5,8 + 106 cfu/m3. The greatest concentrations
were found in loading, transportation and drying the
rape. The microbiological component included a wide
range of bacteria, microscopic fungi and their meta-
bolic products — endo- and mycotoxins. It was found
that straw samples were significantly more contami-
nated with bacteria than wood sawdust, wood pellets
and briquettes; the concentrations of endotoxins in the
straw were significantly higher than in other types of
the material. The excess was from 2 to 50 times and, in
some cases, by 100 times. The concentrations of
microscopic fungi in straw were significantly higher
than in other raw materials.

High concentrations of fungi and endotoxins were
recorded in the mechanical processing of straw. In
wooden and straw dust there were also found myco-
toxins, produced by fungi A. fumigatus, which could
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produce infectious, allergenic and carcinogenic effects
on the working environment [8, 9, 11].

In animal feed facilities, the concentrations of
microorganisms in the air ranged from 2,7 + 10* to
2.6 + 109 cfu/m3. The marked excess of the MAC
value was noted in unloading, grinding, drying, and
granulation of the raw material and in distribution of
the finished products [7]. In these facilities there was
studied the dynamics of the microbial pollution in the
course of the work shift by determining concentrations
of microorganisms in washings from the technological
equipment, protective clothing and skin on the hands
of workers, which were distinctly greater in the middle
of the work shift than at its beginning. The species
composition of the microflora, taken from the wash-
ings, showed a close identity with that determined in
the air samples taken in animal feed facilities. The
concentrations of microorganisms in samples, washed
off from the surface of the skin, showed a significant
correlation with the concentrations of the dust in all
production departments (r = 0,7, p < 0,05), and in
non-production rooms (r = 0,9, p < 0,01).

For determination of the sources of microbial pol-
lution in the working zone, numerous samples were
taken from various raw materials and animal foods. It
was found that all kinds of the raw materials, as well
as animal foods and the finished products, were
highly polluted with a wide spectrum of microorgan-
isms. All these materials represent a good nutrient
medium for preservation of the vital functions of
microorganisms and their propagation. A species
composition of the microflora, polluted by these
materials, corresponded to that found in the air of
agricultural facilities, in washings from the equip-
ment, clothes and hands of workers.

Thus, a large number of microorganisms, con-
taminating the air of the breathing zone and other
elements of working environment, come from the
processed raw materials. In animal houses — an addi-
tional source of microbial contamination are animals
themselves and products of their metabolism (feces,
urine, saliva, milk).

The analysis of the species composition of the micro-
flora in the air of agricultural settings showed that bio-
aerosol in all those settings contained a wide range of
microorganisms. In those settings there were recorded
high concentrations of Gram-positive spore-forming
bacilli of the genus Bacillus. These bacteria made up
10—24 % of the total microbial pollution in animal farms,
12—66 % — in animal feed facilities and 0,2—12,0 % in

facilities, processing rape for biofuel. The most popular
species were: Bacillus subtilis, B. cereus, B. alvei, B.
laterosporus, B. circulans, B. megaterium, B. pumilus,
B. stearothermophilus, Clostridium tetani. According
to some reports, these bacteria may be hazardous for
human respiratory system. It has been shown that the
aerosol, containing spores of B. subtilis and B. lichenifor-
mis, can cause extrinsic allergic alveolitis [3, 5, 6, 9].

The other Gram-positive bacteria, mostly cocci,
made up 5—35 % of the total microbial pollution in
animal farms, 0,2—14,0 % in animal feed facilities
and 0,5—8,0 % in facilities, processing rape for fuel.
The most popular cocci were: Staphylococcus aure-
us, S. epidermidis, S. saprophyticus, Streptococcus
Jaecalis, S. faecium, S. mitis. These species may
cause infections and inflammatory processes. Other
Gram-positive bacteria, found in the examined set-
tings, were thermophilic actinomycetes, producing
small spores which may penetrate into deep parts of
lungs and cause extrinsic allergic alveolitis. Of these
bacteria there were distinguished: Saccharopolyspora
rectivirgula, Thermoactinomyces vulgaris, T. thal-
pophilus and Saccharomonospora viridis.

The other group of potentially pathogenic microor-
ganisms is Gram-negative bacteria. They made up
16—45 % of the total microbial samples in animal
farms, 4,4—23,1 % in animal feed facilities and
0,2—5,0 % in facilities, processing rape for fuel. The
prevailing species were: Proteus vulgaris, P. mirabi-
lis, Pantoea agglomerans (synonyms: Erwinia her-
bicola, Enterobacter agglomerans), Escherichia
coli, Citrobacter spp., Pseudomonas spp., Klebsiella
spp., Alcaligenes spp., Acinetobacter spp.

Microscopic fungi formed a large part of the micro-
flora, available in the air of agricultural settings. They
made up 12—28 % of the total microbial samples in
animal farms, 20—44 % in animal feed facilities and
15—85 % in facilities, processing rape for fuel and
agricultural waste from wood and straw as pellets.
[13, 14, 24, 25].

Discussion

The presented results show that in the various branch-
es of agricultural industry in Ukraine the levels of the
airborne dust and microorganisms exceeded the safe
levels in most cases and hat they can be a potential
cause of work-related respiratory diseases.

The airborne microflora of agricultural settings
includes Gram-positive bacteria, Gram-negative
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bacteria and fungi. On the average, Gram-positive
bacteria, composed of corynebacteria, cocci, bacilli
and actinomycetes, present a prevailing part of the
microflora. These bacteria produce peptidoglycan, a
cell wall component with inflammatory properties,
and some species (such as thermophilic actinomy-
cetes, Arthrobacter spp.) can be a cause of allergic
alveolitis [12, 21]. Gram-negative bacteria were less
numerous, but were present in the air.

Gram-negative bacteria, which have been found from
most places, can be a cause of allergic alveolitis and
produce a biologically potent endotoxin [9] with a high
molecular weight — lipopolysaccharide (LPS), resistant
to high temperatures. Endotoxin is produced in the outer
membrane of the Gram-negative bacteria as a hetero-
polymer of LPS with proteins and phospholipids and is
released in large quantities in the dust [2, 6]. When
inhaled by workers endotoxin activates alveolar macro-
phages and causes inflammatory reactions in the lung.

The concentration of bacterial endotoxin in the air,
polluted with herb dust, ranged 103—10? pg/m? and
was comparable with concentrations, found in organ-
ic dusts from grain, cotton, grasses and other plant
materials [6, 8]. In animal farms the endotoxin con-
centration was within the range of 103—10! pg/m3
[3], and in animal feed facilities it was in the range of
10-3-10% ug/m? [5]. In most cases the threshold limit
value of 2 + 107! pg/m? was exceeded.

Fungi were found in the air of agricultural settings.
Their concentration and the proportion in the whole
microflora created a potential hazard to the exposed
workers. It has been documented by numerous studies
that fungi classified earlier as «non-pathogenic sapro-
phytes», in fact, can cause allergic diseases of lungs,
allergic rhinitis, allergic conjunctivitis, allergic dermatitis
and mycoses [ 19]. The concentrations of fungal sporules
in the air of various agricultural settings can attain large
concentrations, for example in animal feed facilities the
concentrations were 10— 10 cfu/m? in the air.

Microscopic fungi may produce mycotoxins — low-
molecular secondary metabolites, which cause severe
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AKTYAABHI NPOBAEMU INMIreHV NPALI HA CINAbBCbLKOMOCNOAAPCBKUNX

NIANPUVNEMCTBAX

THauioHaAbHa MeANYHa aKaAeMist MICASIAMNAOMHOI OcBiTY imeHi M. A.Lynuka, m. Kuis
2/\ep>kaBHa YCTaHOBa «IHCTUTYT MeAMUMHW Npaui HauioHaALHOT akaaemii MeAnYHMX HayK YKpaiHu», M. Kuis

Mema docaioncenns — 03HAIOMUTHCH 3 TOCITIIKEHHSIMM 0i0JIOTiYHOTO (haKTOpa, 110 TPOBOAUIIMCS B TaTy3sIX arpapHoOi po-
MUCJIOBOCTI B YKpaiHi: TBApUHHULILKI MianpuemcTsa (pepMu) 1Isi KOPiB Ta CBUHEM, MiANMPUEMCTBA 3 BAPOOHUILITBA KOPMiB
JIJISI TBAPUHHULITBA, BUPOOHUIITBO OionajiMBa 3 piraka Ta IeJIeTiB 3 CilIbCbKOTOCMOJapChKUX BiIXOIiB (I€PEBUHU Ta COJIO-
MHM). Y BCiX MiAnpueMcTBax Oy/IM BUSHAYEHI: KOHLIEHTpPALlis MUY Ta MiKpOOPTraHi3MiB Y TIOBITPi Ta BUAOBUIA CKJIal MiKpO-
(opu. KoHIleHTpaig nuity y TBapiHHULILKKX TOCTIONAPCTBAX KOJIUBANacs B MexXax 6—218 Mr/mM>, Tofli IK y TIPUMiIIEHHSAX
JUISl TBAPUH BOHA KonuBanach Bif 30—260 Mr/m?. KoHlLeHTpalis Mty Ha 06’ €KTax BUpOOHMLITBA GionaauBsa 3 pinaka 6yJa
B Mexax 3,6—28,0 Mr/M?, cibchbKorocrnomapchki Binxoau (nepeBuHa ta cosoma) 4,8—16,0 Mr/m?. BusHaueHi BeIMYMHU Y
OLILLIOCTI BUMAKIB EPEBULLYBAIN TPAHUYHO ponyctumy KoHueHTpauito (IJ1K), saxa cranosuna 4 mr/m3. KoHueHTpauis
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MiKpOOpraHi3MiB Ha TBAPUHHMLILKKX (pepMax Koambanacs Bix 5,8 < 10°—1,9 « 107 KYO/M?, Toni K y Kopmax Bin 4,8 * 10%—
1,9 « 107 KYO/M3 1o 4,8 « 10*—1,6 » 10° KYO/M?3, s TBapyH BOHa KojiuBanach Bix 2,8 * 10* — 2,9 « 10 KYO/m3.
KoHIIeHTpanii MiKkpoopraHi3miB Ha 06’€KTax, IO BUPOOIISAIOTH GiONalIUBO 3 pillaka, IepedyBanu B giamaszoHi 1,6 « 103—
5,8 « 106 KYO/M3. TIpu BUpOGHUIITBI TIeJIeTiB 3 Binxonis AepeBuHu Ta comomu — 1,7 » 104—1,8 « 105 KYO/m3. Pesymsrati
MiKpOOiOJOTiUHUX MOCTIIKEHD, 1110 BUKOHYIOThCS B Pi3HUX CiIbCHKOTOCMOAAPCHKMX YMOBAX, YiTKO BKa3ylOTh Ha Te, IO
0i0JIOTIYHI YMHHUKHU TOBITPS B LIMX YMOBAX BillirpaloTb OCHOBHY POJIb SIK MpodeciiiHi (haKTopy pU3MKY, SIKi MOXYThb Haja-
BaTH IIKiTMBUIA BIUIMB Ha 310POB’s MpalliBHUKIB. POopMyBaHHSI IIKiIJTMBOTO 6i0I0riyHOTO (hakTOpa 3ajeXXUTh Bill CITeIIM-
¢iku mignpueMcTBa, BUIY TEXHOJOTIYHUX OIepaliil, CTyNeHs MeXaHi3allii, BJIacTMBOCTEil 0OpoOIIOBaHUX MaTepiais,
TEMIIepaTypu Ta BOJOTOCTIi, a TAKOX KOHLIEHTPALlii MUy B MOBITPI.

Karouori cioBa: Giomoriunuii hakTop, CiTbChKe roCHOIAapPCTBO, MUJ, MiKpOOpraHiamu, 6akrepii, rpudu

Ctepenborex M. 10.}, Uanko B. I'.2, YyaHoseu A. 51.2

AKTYAABHbLIE NPOBAEMbI MMrMEHLI TPYAA HA CEALCKOXO03SINCTBEHHbIX
NPEANPNATUNSNIX
'HaumoHaAbHas MeAVLIMHCKas akaAemusi NOCAEAUNAOMHOro obpasosanus nvenu M. A. Wynuka, r. Knes

2[ocyaapcTBEHHOE yypeXkaeHue «NHCTUTYT MeAnUnHbI TpyAa HauMoHaALHOM akaAreMni MeAVLIMHCKUX HayK
YKpavHbI», r. Knes

Ileav uccaedosanus — N3ydeHue UCCAEIOBAHUM OMOIOTMYECKOro (hakTopa, KOTOpble OBLIM MPOBEIACHBI B CIEIYIOIINX
OTPACIISIX CeTbCKOXO3SIICTBEHHOI TTPOMBIIIIEHHOCTY YKPaWHbBI: SKUBOTHOBOIUYECKHe hepMbl (hepMepcKue X03sicTBa)
IUIS KOPOB M CBUHEH, OOBEKThI XKMBOTHOBOJCTBA, MPOU3BOACTBO OMOTOTUIMBA M3 parica W MeJiIeT U3 CeJbCKOXO03sIi-
CTBEHHBIX OTXOH0B (IpeBecrHa U cosoma). Ha Bcex o0bekTax ObUIM ONpeae/IeHbl: KOHLIEHTPALMs IIbUIM M MUKPOOpra-
HU3MOB B BO3[yXe M BUIOBOI cocTaB MUKPOGIopbl. KoHIIEeHTpalys IbUIK B XKMBOTHOBOAYECKHUX (hepMaxX cOCTaBIsLIa
6—214 mr/M3, Torna Kak B KOpMax [Jisl KUBOTHBIX OHU cOCTaBJIsIA OT 35 10 260 mr/m3. KoHueHTpauus nbuid Ha 00b-
eKTax, IPOU3BOASALIMX OMOTOIUIMBO U3 parica, HaXOAWIach B [uanasoHe 3,6—28 Mr/M>, celbCcKOX035iCTBEHHbIE OTXOIbI
(npesecuHa u conoma) 4,8—16,0 Mr/m3. OrnpeeneHHble 3HaYeHUs B GOJIBLUIMHCTBE CIyYaeB MPEBBIILIATN MAKCUMAIbHO
JomycTuMylo KoHueHTpaunio (MAC), kotopas cocTapisaia 4 mr/m>. KoHIeHTpalys MUKPOOPTaHU3MOB Ha XKMBOTHO-
BOm4eCcKHUX (hepMax cocTasisia or 5,8 « 10°—1,9 « 107 KYO/M3, B To BpeMs KaK B KOPMAaXx [UIS XKMBOTHBIX OHA COCTaB-
nsana ot 4,8 « 104=1,9 « 107 KYO/M? 10 4,8 + 10*—1,6 + 10° KYO/M? coorBeTcTBeHHO. KOHIIEHTpaLMX MUKpOOpra-
HU3MOB Ha MPeANpPHUATHAIX, TPOU3BOISIIIMX OUOTOIIMBO U3 parca, HaXOAWINCh B rpeaenax 1,6 « 103— 5,8 « 106 KYO/m3.
ITpu NMpou3BOIACTBE MeIeT U3 APEBECHBIX OTXOA0B M coloMbl — 1,7 * 10%—1,8 « 105 KYO/M?. Pe3yasTaTsl MUKPOOUO-
JIOTUYECKHUX MCCIIeIOBAaHM, BBITIOJHEHBIX B Pa3JIMUHBIX CEIbCKOXO3SIMCTBEHHBIX TIPEIITPUSITUSIX, ICHO YKa3bIBAIOT Ha
TO, YTO OMOJOTMUECKUI (haKTOP BO3AyXa UIPACT B 3TUX YCJIOBUSX MEPBUYHYIO POJIb st TPO(heCCUOHATBHOIO pUCKa,
MOXKET OKa3bIBaTh BPEIHOE BO3IEIICTBUE HA COCTOSIHUE 3M0POBbs paboTHUKOB. DopMupoBaHre BpeaIHOro OHUOJIOrnde-
cKoro ¢akrtopa 3aBUCUT OT CIELMOUKU MPEANPUATHsI, BUIA TEXHOJIOTMYECKUX OIMepaluii, CTeleHN MeXaHU3alluu,
CBOMCTB 00pabOTaHHBIX MaTePHAIOB, TEMIIEPATYPhl U BIAXHOCTH, a TAKXKe KOHLIEHTPAIIMU MBI B BO3IYyXeE.

Kuarouessie cioBa: 6uosornyeckuit haKTop, ceabCKOe X03SIMCTBO, NBLIb, MUKPOOPTraHU3MbI, OaKTepPUH, rPUOBI
Hadiitwna: 9 ncoemus 2017 p.

KonrakTHa ocoda: CrepeHboren Mapuna HOpiiBHa, KaHaAUIaT MEIUYHUX HAyK, CTapLIMil HAyKOBUIA CITiBPOOITHUK,
JIOLIEHT, Kadeapa MEAMLIMHY Tpalli, ricuxodiziosiorii Ta MeauM4HOI ekostorii, HallioHajibHa MeaMYHa akajeMist
nicnsiauruioMHoi ocsity imeni IT. JI. Illynuka, Oyn. 75, Bysa. Cakcarancbkoro, M. Kui, 01033. Ten.: + 38 0 44 289 75 39.
EnextponHa momra: smstrelets@ukr.net
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