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Abstract

The aim of this work was to assess the qualithefdir in dairy barns with tie-stalls, based ontttal number
of mesophilic bacteria and on the concentrationsafous gases (ammonia, carbon dioxide and hydrsgéphide).
We also studied the correlations between the nmalitators of the air quality and the parameterthefmicroclimate
(temperature, relative humidity and air flow velggi Forty dairy cow barns were investigated inf&gvania in the
cold season. The parameters were tested usindispaethods. The numbers of the total mesophilictéda in the air
varied between 2.50 x i@fu/m® and 3.36 x 1®cfu/n?, with a main value of 1.52 x i@fu/n?. The ammonia was
present in all of the barns, having concentratistomn 3.00 ppm to 37.00 ppm, with a mean value o#422ppm.
Ammonia exceeded the threshold limit in 57.5% @f ithvestigated barns. The carbon dioxide was béhevthreshold
limit in all of the barns and no hydrogen sulphigas found. Positive correlations were demonstraietveen the
ammonia concentration and the air temperature (8mear = 0.451, p <0.05) and between the ammonihthe
relative humidity of the air (Spearman r = 0.634<@.05). The air quality was low in more than afhafl the
investigated barns due the high concentration®fitnmonia.
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1. Introduction Strong epidemiological evidence suggests
that dust associated with bacteria can directlyseau
Providing good air quality in farm animal infectious and allergic diseases in animals anch far
housing is important for the health and welfare ofvorkers [10]. High concentrations of noxious gases
farm animals and staff and for the outdoorin animal shelters affect the welfare of animaie t
environment of farming enterprises [18]. The air inhealth of human workers and the resistance of the
livestock buildings contains a large variety ofbuildings themselves [3, 4, 18, 2R)ajor quantities
different gases, microorganisms and considerablef these compounds are emitted in the environment
amounts of dust. The indoor concentrations of manywhere the health of nearby residents may be harmed
of these contaminants may be proximal to or exceduy regular exposure and where the small particslate
threshold levels suggested for housed animals amday contribute to atmospheric pollution and global
human employees. dimming [15].
Reducing air pollutants in animal houses is an
urgent requirement for the development of future

;;0%6236%322346%20“0264593792 animal production. It will provide a safer and
. ) X: . .
e-mail: popescusiivana@yahoo.com healthier work environment for employees and a
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better atmosphere for the animals — by improving The mean values of the determined
their health, welfare and performance. parameters were calculated for each barn. Air
The aim of this study was to assess the qualityamples were taken using a MAS-100 air sampler
of the air in dairy barns with tie stalls, basedtba (Merck, Germany) based on the principle of the
number of bacteria and fungi and on theAndersen air sampler. Bacteria was collected and
concentration of noxious gases (ammonia, carbogrown in Petri dishes on Columbia agar. Air was
dioxide, hydrogen sulphide). Furthermore, thesampled in a volume of 10 L because preliminary
correlation of airborne bacteria and ammonia witlstudies showed it to be optimal for the subsequent
the environmental parameters (relative humidity, aiplate analysis and type of agar. Plates with thalus
temperature and air flow velocity) was investigated bacterial nutrient Columbia agar were then
The role of microorganisms consists in theincubated for 24 h in an incubator at a working
genesis of oil deposits and microbiologicaltemperature of 37°C. The grown colonies were
biodegradation of hydrocarbon residues [5] frontalculated by a mechanical optic colony counter and
different habitats (soil, water, etc.). results were corrected using the conversion formula
Microorganisms have a special ecologicadevised by Feller [7]. The average number of
importance because they can be used in tHeacteria was calculated as colony-forming units in
remediation of soils contaminated  with one cubic meter (cfu/fi Ammonia, carbon dioxide
hydrocarbons. In this regard it was noted that mangnd hydrogen sulphide concentrations were
microorganisms have the ability to use gaseoudetermined by air sampling with Drager -
hydrocarbons, liquid and solid aliphatic andMultiwarn Il (Drager Safety, Germany) device. Air
aromatic series and asphalt as carbon and energgmperature (°C), relative humidity (%) and aimflo
source [20]. velocity (m/s) in the barns were determined
The process of remediatiasf hydrocarbons simultaneously using a Testo 400 device (Testq Inc.
contaminated soils by biological processes is know@ermany). The obtained data were statistically
as bioremediation. The bioremediation is realizgd bprocessed with the SPSS version 17 software. The
indigenous or especially created microorganismdescriptive statistical indicators were calculated

which are introduced into polluted soil [15]. (mean, standard deviation, median, minimum and
maximum) for the measured parameters. The
2 Materials and M ethods correlation coefficient (Spearman r) between

airborne bacteria and ammonia concentration with
This study was conducted on 40 dairy cattleir temperature, relative humidity and air flow
tie-stall barns (32-200 dairy cows/barn), invelocity were also calculated.
Transylvania during the period of December 2009 —
January 2010. All barns were closed, with solid. Resultsand Discussion
flooring. The cattle houses had only natural
ventilation systems. The descriptive statistic analysis (mean,
The cows were kept tied in the barns duringtandard deviation, median, minimum and
the cold season (pasturing in the rest of the yimar, maximum) for investigated parameters (mesophilic
daytime) or permanently (without pasturing). Eactbacteria, ammonia, carbon dioxide, hydrogen
barn was visited oncéor the study. The sampling Sulphide, air temperature, relative humidity and ai
and measurements were done in the morning ifow velocity) in the 40 dairy cattle barns wittedi
three different locations of the barns. stalls are shown in table 1.

Table 1. Descriptive statistic analysis for theastigated parameters in the 40 dairy cattle barns

0,

Parameter n Mean SD Median Minimum  Maximum Frorr?5A) c ITo
Meso&?ﬂ}fn%a“e”a 40 152x16 7.49x1d 1.66x16 2.50x1d 3.36x16 1.28x16 1.76x16
Ammonia (ppm) 40 22.47 9.82 27.00 3.00 37.00 19.33 25.61
Carbon dioxide (ppm) 40 11125  833.65  1000.0 100.00 2500.0  845.83  1379.2
Hydro?pep”ms)”'ph'de 40  0.00 0.00 0.00 0.00 0.00 0.00 0.00
Temperature (°C) 40  12.05 4.32 11.0 6.40 19.70 610.6 13.43

Relative humidity (%) 40  83.48 10.54 85.40 59.20 .68  80.10 86.85
Airflow velocity 45 534 0.038 0.34 0.29 0.40 0.33 0.35

(m/s)
n = number of barns; SD = standard deviation; Coafidence interval
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Table 2 presents the correlations betweemir flow velocity). Statistically significant
the total number of mesophilic bacteria, thecorrelations were determined only between
ammonia concentration and the microclimaticammonia and air temperature and ammonia and
parameters (air temperature, relative humidibd relative humidity of the air.

Table 2. Relationship between total mesophilic &d&tand ammonia with microclimate parameters (&napire,
relative humidity and air velocity)

Parameter Temperature Relative humidity Air floioegy
Mesophilic bacteria 0.019™ -0.007" -0.003
P (p = 0.907) (p = 0.960) (p = 0.566)
0.270°
, 0.451** 0.634** _
Ammonia (p = 0.003) (p = 0.0001) (p =0.091)

ns -p>0.05; *-p<0.01; *»**-p<0.001

The total number of mesophilic bacteriaand found that the NHwvas present in all six barns
were different in the 40 assessed barns; theand the overall mean values ranged from 7 to 20
determined values were similar to those in the@pm. Groot Koerkamp et al[9] investigated
scientific literature. Several researches showedl thconcentrations and emissions of ammonia in
the total number of mesophilic bacteria in cattledifferent livestock buildings in England, the
houses ranges from 1@ 10 cfu/n? [6, 10, 20]. Netherlands, Denmark and Germany. The highest
More recent studies showed that the mean values ammonia concentration in cattle houses was found
the total bacterial count in the dairy cows’ barnsn Germany (22.7 ppm), with mean values in
ranged from 1.7 x fOto 8.8 x 10 cfu/nt [11] or  different countries varying between 0.9 ppm and 7.1
from 2.82 x 10 cfu/n? to 7.76 x 16cfu/nt asitwas ppm.  Another investigation of ammonia
found by Matkow et al. [14] in their research. The concentrations in livestock buildings in Germany
great variability of the mesophilic bacterial coumt found a mean value of 6.4 ppm in cow houses [19].
the air of the barns is the reason for which dn a more recent study conducted in dairy cow barns
compulsory hygienic standard for the acceptablen Finland and Estonia, the ammonia concentrations
number of airborne bacteria is not yet establistred varied between 0 and 64 ppm [21].
an international level. The maximal reported value was higher
However, the recommendation of most ofthan our study's highest value (37 ppm). High
the authors, applicable in our country as welth& ammonia concentrations are usually found in closed
the total number of mesophilic bacteria should nobuildings. The indoor ammonia concentration
exceed 2.5 x 1M’ [5] in the air of the farm depends on the flooring type, bedding material,
animals’ barns. In our study this value was excdedeanimals’ age, microclimate factors, type of manure
in only one barn. The total number of mesophilicevacuating system, frequency of cleaning and on the
bacteria constitutes the basic assessment critéria animals’ diet [9]. In our study, the barns with ig
the air hygiene quality. ammonia concentrations were poorly ventilated and
The microbial loading of the air indicated dirty. In 57.5% of the investigated barns the
through the total number of mesophilic bacteria immmonia concentration exceeded the admitted
influenced by several factors, such as the number threshold value of our country (26 ppm).
housed animals, the breeding technologies, the Ammonia levels in animal houses can
flooring type, the bedding materials, the qualify oexceed 25 ppm when lower winter ventilation rates
microclimate, the concentration of dusts, theare used and can reach 40 ppm in poorly ventilated
ventilation level and so one. High air contaminatio buildings [9]. Ammonia is considered the most
levels Lange [12] indicated an improper functioningsignificant pollutant in the air of the cattle bsrn
of the ventilation systems, storage moisture ofifeedue its irritating effect on respiratory epithelium
rations, kinds of work practice and climatic[13]. Ammonia generated in animal houses is also a
conditions. polluting factor for the outside environment.
Ammonia was found in each of the Ammonia is known to cause acid deposition
investigated barns (table 1). Its concentration iand eutrophication when suspended;Nitdm dairy
higher than those described in scientific literatur and other animal production facilities is deposited
(6-10 ppm) [9, 19]. Clark and McQuitty [2] studied on land and in bodies of water [1]. In conformity
the air quality in six Alberta commercial dairy bar with the obtained results it is possible for daioys
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to represent an important source of airbornd. Conclusions

ammonia, as it is stated in scientific literatudg [n

all of the barns the carbon dioxide concentration In more than half of the investigated barns
was below the maximal admitted limit value forthe quality of the air was low due to the presevice
dairy cattle houses. The average concentration @immonia concentrations exceeding the maximal

CGQ; in dairy buildings is 1900 ppm [17]. admitted limit, indicating a need for improved
We did not find hydrogen sulphide in the airhousing conditions in the future. The results shibwe
of any of the investigated barns (Table 1). that temperature and humidity represent two of the

Temperature had a mean value of 12.05 °C ifactors influencing the ammonia concentration in
accordance with the recommendation for dairy cattlithe air of dairy cattle barns with tie stalls in
barns. Yet the maximal recorded value was higheTransylvania.
than the recommended optimal temperature.
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