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Abstract

Social concerns for environmental impact on air, water and soil pollution have
grown along with the accelerated growth of pig production. This study intends to
characterize air contamination caused by fungi and particles in swine production,
and, additionally, to conclude about their eventual environmental impact. Fifty-
six air samples of 50 litters were collected through impaction method. Air
sampling and particle matter concentration were performed in indoor and also
outdoor premises. Simultaneously, temperature and relative humidity were
monitored according to the International Standard ISO 7726 — 1998. Aspergillus
versicolor presents the highest indoor spore counts (>2000 CFU/m®) and the
highest overall prevalence (40.5%), followed by Scopulariopsis brevicaulis
(17.0%) and Penicillium sp. (14.1%). All the swine farms showed indoor fungal
species different from the ones identified outdoors and the most frequent genera
were also different from the ones indoors. The distribution of particle size
showed the same tendency in all swine farms (higher concentration values in
PM; and PM, sizes). Through the ratio between the indoor and outdoor values,
it was possible to conclude that CFU/m’ and particles presented an eventual
impact in outdoor measurements. Besides its potential environmental impact,
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there is also a public health and occupational threat due to the presence and
concentration of the fungal species identified in swine’s air.

Keywords: swine, fungal contamination, particles, air contamination,
environmental impact.

1 Introduction

In recent decades, farmers in Europe and North America have enlarged livestock
production techniques by using more enclosed and densely stocked housing
(confinement buildings). The design of these buildings leads to high animal
concentrations, and their wastes and feed as well. This results in high levels of
dusts, gases, microbes, microbial metabolites, and other potential health hazards
in the air [1].

Social concerns for environmental impact on air, water and soil pollution
grew along with the accelerated growth of the industry. Needless to say, a
massive amount of waste water and aerial contaminants emitted from pig
production can cause serious environmental problems, which prompted the
establishment of strict environmental regulations related to pig production [2, 3].

The air surrounding swine confinement production facilities contains odors,
gases, and airborne particles carried from the buildings by ventilated air [4]. Dust
particles adsorb volatile organic compounds and pathogenic organisms, acting as
their airborne carrier [5, 6]. Dust particles with a diameter between 0.5 and 10 pg
are generally classified as respirable aerosol particles, which can penetrate into
lower respiratory system of humans and cause respiratory diseases, such as
bronchitis, asthma, and pneumonia [7, 8]. Exposure to organic dust in
concentrations greater than 2.5 mg/m’ from the pig-confinement building has
been associated with symptoms of respiratory disease [1].

The airborne dust found in swine confinement buildings contains, among
other microorganisms, large numbers of mesophillicmolds [9], and they can be
disseminated outside swine buildings through dust particles. Its well-recognized
that exposure to certain fungi can cause human illness. Fungi cause adverse
human health effects through three specific mechanisms: generation of a harmful
immune response (e.g., allergy or hypersensitivity pneumonitis), direct infection
by the fungal organism and also by toxic-irritant effects from mold byproducts,
such as mycotoxins [10].

This study intends to characterize air contamination caused by fungi and
particles in swine production, and additionally, to conclude about their eventual
environmental impact.

2 Materials and methods

A descriptive study was developed in order to assess air contamination caused by
fungi and particles contamination in seven Portuguese swine farms. This
assessment was carried out in the winter, when ventilation rates were low, in
order to assess contamination during a critical scenario.
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Fifty six air samples of 50 litters were collected through impaction method.
Air sampling and particle matter concentration measurement (5 different sizes,
namely PM,s; PM;; PM,s; PMs; PMy) were performed indoor and also outside
premises to conclude about an eventual environmental impact. Simultaneously,
temperature and relative humidity were monitored through the equipment
Babouc, LSI Sistems and according to the International Standard ISO 7726 —
1998.

Air samples were collected at one meter height with a flow rate of
140 L/minute, onto malt extract agar (MEA) supplemented with the antibiotic
chloramphenicol (0.05%). After laboratory processing and incubation of the
collected samples, quantitative (colony forming units - CFU/m’) and qualitative
results were obtained, with identification of the isolated fungal species.
Whenever possible, filamentous fungi were identified to the species level, since
adverse health effects vary according to fungal species within the same genera
[11, 12]. Identification of filamentous fungi was carried out by macroscopic and
microscopic observations, using lactophenol blue stain and achieved through
comparison of morphological characteristics listed in illustrated literature [12].

3 Results and discussion

3.1 Fungal contamination

In the seven swine studied, Aspergillus versicolor presents the highest indoor
spore counts (>2000 CFU/m’) and the highest overall prevalence (40.5%),
followed by Scopulariopsis brevicaulis (17.0%) and Penicillium sp. (14.1%).

All the swine farms showed indoor fungal species different from the ones
identified outdoors. Moreover, the most frequent genera were also different from
the ones indoors (Table 1).

Table 1: Most frequent fungi identified indoor and outdoor air.

Indoor Frequency (%) Outdoor Frequency (%)
Aspergillus versicolor 40.5 Cladosporium sp. 17.9
Scopulariopsis brevicaulis 17.0 Scytalidium sp. 15.8
Penicillium sp. 14.1 Penicillium sp. 15.8
Others 28.4 Chrysosporium sp. 10.5
Others 40.0

The exposure of workers from swine confinement buildings to respiratory
hazards has been reported elsewhere in Europe [13-15], Asia [16, 17] and
America [7, 18]. To our notice, analogous data has not been reported for
Portugal and this omission has hindered the development of policies in the area
of occupational health and farm safety. Generally, dust is recognized to adsorb
and transport odorous compounds [19] and biological agents [20, 21]. Especially,
biological factors associated with airborne dust are the most important hazards in
pig buildings and include allergenic and/or toxic agents as well as infectious
agents such as bacterial endotoxin, fungal mycotoxin and microbial cell
components [16].
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Regarding the most common fungi found in air, Aspergillus versicolor
disseminates easier in the air than other Aspergillus species, such as
A. fumigatus. This may be due to the need of less water content [22], which is the
eventual cause to present the highest indoor spore counts. Aspergillus versicolor
is known as being the major producer of the hepatotoxic and carcinogenic
mycotoxin sterigmatocystin. The toxicity of this mycotoxin is manifested
primarily in liver and kidney [23]. Due to their easier detection, fungi are often
used as an indirect indicator of mycotoxins presence both in agricultural and
occupational settings. Therefore, we must consider the eventual exposure not
only to fungal particles, but also to the hepatotoxic and carcinogenic mycotoxin
sterigmatocystin [24]. This mycotoxin is closely related to aflatoxin mycotoxins
as a precursor of aflatoxin biosynthesis [25] and is classified as an International
Agency for Research on Cancer class 2B carcinogen (i.e., as possibly
carcinogenic to humans) [26]. Aspergillus versicolor was also the most
frequently found in surfaces from the studied swine [27] corroborating the
dissemination potential of Aspergillus genera [28, 29], and in particularly from
this species [22]. Also in another study [30], Aspergillus sp. and Penicillium sp.
(the third most frequently found) were the most frequent in swine air.

Exposure to Scopulariopsis brevicaullis, the second most frequently species
isolated from the air, has been associated with cases of occupational allergy.
Scopulariopsis brevicaulis is a well-known agent of onychomycosis being,
in this case, the surfaces’ contamination the potential risk for workers’ health
[31,32].

Since there are no published thresholds values regarding to fungal
contamination is essential to perform a comparison between fungal levels
indoors and outdoors. Despite outdoor air is a major source of the fungi found
indoors, in the studied swine there was no coincidence between fungal species in
indoor and outdoor air (Table 1) and all the analyzed swine had two or more
indoor spaces with a fungal load higher than outdoor (Table 2), suggesting in
both situations that fungal contamination came from within [33].

Table 2: Quantification of air fungal load in indoor and outdoor of the seven
swine studied.

Swine farm Indoor* CFU/m’ Outdoor CFU/m*
A 185 240
B 529 560
C 364 200
D 1010 220
E 413 340
F 614 140
G 153 140

*Mean values.
3.2 Particle contamination

The distribution of particles’ size showed the same tendency in all swine farms,
higher concentration of particles with PMs and PM, sizes (Table 3).
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The majority of the previous studies estimated particles’ exposure by dust
concentration measurements and were often carried out by means of gravimetric
systems, giving only information of the total mass concentration obtained and
separating the data in “total dust” and “respirable dust”. Very few studies on
agricultural farms investigated the particles’ exposure regarding their size. The
size, however, affects particles’ deposition in the respiratory system, resulting in
different health effects [34]. Our study gives information concerning five
different particles’ sizes and this data allows the achievement of more detailed
information concerning contamination with particles and their possible health
effects.

Data obtained showed higher particle concentration with PMs size and,
predominantly PM,, (Table 3), indicating that swine dust can penetrate into the
gas exchange region of the lung (PMs) and may also produce disease by
impacting in the upper and larger airways below the vocal cords (PMy,) [35].

Table 3: Average values of particulate matter in 5 different sizes (PMys,
PM;, PM, 5, PM; and PM,) per swine (values in mg/m”).

PMys | PM, | PM,s | PMs | PM,,
0.008 | 0.013 | 0.046 | 0.439 | 2.212
0.020 | 0.044 | 0.186 | 1.270 | 5.289
0.003 | 0.009 | 0.079 | 0.968 | 5.091
0.003 | 0.008 | 0.046 | 0.459 | 2.039
0.023 | 0.043 | 0.116 | 0.604 | 1.913
0.001 | 0.008 | 0.067 | 0.684 | 3.122
0.004 | 0.007 | 0.037 | 0.435 | 2.250

o|n|m|o|ale|>|5

Numerous articles have been published regarding the adverse respiratory
health consequences of working in intensive livestock houses. Threshold
exposure limit guidelines are not always applied in the intensive animal industry,
but they are essential for protection workers health [36].

A consistent relationship between environmental exposure in livestock
buildings and deficient lung function changes and/or respiratory symptoms in
workers has been observed in four separate studies [1, 37-39]. These studies
identified exposure-response thresholds for workers, on the basis of which
thresholds for poultry and swine confinement buildings were suggested. Previous
dose-response studies with swine workers [40] have resulted in exposure limit
recommendations of 2.4 mg/m’ of total dust and 0.23 mg/m’ of respirable dust
[36]. Our results showed values higher than these exposure limits
recommendation, in some cases (Swine B and C), two-fold higher (Table 3).
Moreover, concentrations higher than 2.5 mg/m’ have been associated with
symptoms of respiratory disease [1].

In a more detailed examination of the same data, it is possible to observe that
Farms B and C presented higher levels of contamination, particularly in PMs and
PM, (Figure 1). These two farms were the ones having only natural ventilation
as a ventilation resource. The others swine farms have a combination between
natural and mechanical (exhaust) ventilation. The same trend in the results was

WIT Transactions on Biomedicine and Health, Vol 16, © 2013 WIT Press
www.witpress.com, ISSN 1743-3525 (on-line)



16 Environmental Health Risk VII

PV, EZZ7PM, IPM_, EEEPM, EEEPM,,

SSSOONY)

Particulate Matter (mg/m’)
°

B c o] E F G
Swines
Figure 1: Particle distribution in swine farms.

obtained by Kim and colleagues where the concentrations and emissions of dust
were highest in the naturally ventilated pig buildings [16].

There is little need of manual work in current systems of pig production
because most of the confinement pig houses are constructed automatically. In
Portugal, however, there are some activities that still need farmer’s intervention,
such as cutting piglets’ tails and vaccination. Because of that, there is an increase
of the expended time in those places, and consequently an increase of the
exposure to particles and fungi [27].

There is no agreement in the literature about which is the swine phases with
higher concentration of particles. Our results are consistent with other authors
who suggest that dust concentrations are higher in fattening rooms than in
nurseries, considering the PM,, [41] (Figure 2b).
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Figure 2: a) Particles distribution in swine different places by granulometries;

b) PM,, distribution in swine different places and total particulate
matter (TPM="total dust”).

Comparing our results for TPM with limit recommendation defined by other
authors [40] it is possible to observe in Figure 2b that in all assessed places this
value was exceeded, with the exception of breeding and warehouse.
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According to Nonnenmann and colleagues [42], there is a strong linear
relationship between the total weight of the pigs in the room and the dust
concentration. In that study, dust concentration more than doubled as the pigs
grew. Therefore, the amount of animal mass will be a major factor influencing
the dust concentration [36].

However, as we can observe in Figure 2a), nursery presents the highest
concentration of minor particles (0.3ug—0.5ug). In these places pigs are on a
special status condition, with mobility difficulties, which hampers the
maintenance of the cells and, consequently, leads to the accumulation of fecal
material. This evidence suggests that the smallest particles contain a large
amount of fecal matter [43].

3.3 Environmental variables influence

Regarding particles role as fungal load carrier, PM, s and PM; contributed with
38.0% and 31.0%, respectively, to explanation of CFU/m’ variation, being the
highest contribution from particles in fungal dissemination by air (Figure 3). In
fact, fungal spore sizes range typically from 2 to 10 pm among species and vary
even among spores from the same species [44].
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Figure 3: Relation between relative humidity, temperature, PM;o, PMs,

PM, 5, PM,, PM, s with CFU/m’.

In a study developed by Halstensen and colleagues in a grain farming setting,
dust levels were the most important predictive factor for microbial exposure
preventive practices. Despite only data regarding “total dust” was presented, was
possible to conclude that any dustiness prevention or protection will decrease
microbial exposure [45]. Same relation was corroborated only when particles
with PM, s and PM; size were analysed (Figure 4).

This is probably due to other environmental conditions from which fungal
concentration depends, besides dustiness [46].
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Figure 4: PM, 5 and PM; contribution to CFU/m® variation explanation.

Relative humidity contributed only in 37.0% to the explanation of variation of
particles sized as PMI1, being this the highest contribution from humidity
parameter to the different distribution of particles size (Figure 5).
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Figure 5: Relative humidity contribution in PM; variation.

Dust concentration may be influenced by different factors, including the
relative humidity [47]. In 2007, a literature review developed by Wolkoff and
Kjargaard established that relative humidity has effect on the formation and size
of secondary aerosols and therefore on their deposition [48]. Low relative
humidity appears to enhance particle deposition of fine particles (<1 pm) [49]
and high relative humidity likewise [50, 51, 48]. On the other hand, re-
suspension of particles (>1 pm) increases with size [52], and with the increase of
relative humidity up to about 75% RH [48]. Considering that in our study
relative humidity results were all above 70%, the positive contribution obtained
to PM, variation can be due also to re-suspension.

3.4 Ratio indoor/outdoor

Regarding the fungal load found indoor and outdoor, different fungal counts
were obtained in our study (120 CFU/m*-4100 CFU/m’) and in a study
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performed by Duchaine et al. (547 CFU/m’-2862 CFU/m’). This may be due to
different procedures of building maintenance [53], and also differences in other
variables that are known to influence swine fungal contamination, such as moldy
livestock feeding materials, moldy hay, animal bedding, and feces [54].

Through the ratio between indoor and outdoor values, it was possible to
conclude that CFU/m’ and particles presented an impact in outdoor
measurements (Table 4).

Table 4: Ratio between values of the measured parameters obtained from
indoors (I) and outdoors (O).

Parameters Ratio (1/0)
Temperature 1.1
Relative humidity 0.8
CFU/m’ 1.9
PM, s 1.2
PM; o 1.4
PMz‘ 5 3.0
PMS,O 9.8
PM;, 23.7

According to Table 4, it is possible to observe a positive relation between the
increment of particle diameter and that ratio. This fact may provide negative
impacts to the surroundings atmospheric air because of the particles exposure,
and also due to gases and odorants that may be fixed onto dust [41].

The level of dairy limit values for PM, in Europe is 50pg/m’ [55]. Although
the collected samples in this study were not carried out for 24h it is important to
refer that in all studied swine the PM;, assessed outdoor exceeded those limit
value.

Data obtained through ratio between fungal contamination indoor and outdoor
corroborate the negative environmental impact caused by fungal contamination
from this industry, and that was also described by Donham and Thu [4].
However, research on dimension of this impact in the surroundings of swine
farms is still needed.

4 Conclusions

Beyond the potential environmental impact, public health and occupational
threat due to the presence of the most often identified fungal species in swine air
has to be considered. More research on dimension of this impact in the
surroundings of swine farms is still needed. Obtained results also demonstrate
high levels of contamination by particulate matter in the swine farms studied,
particularly PMs and PM, sizes.
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