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ABSTRACT

Aim of this paper was investigating carbon dioxide and ammonia concentrations through a
cross-sectional study applied during winter 2007 in 35 dairy cattle, 21 beef cattle and 30
veal calves farms located in North-eastern Italy. Repeated instrumental gas measurements
were carried out in the feeding alley and in the resting area. Regardless of the measure
point, gases concentrations in the three categories of cattle did not give reason for concern
since average values were below the threshold limit set for animals. Significant difference
(P<0.05) were observed among cattle categories with the worse air quality detected in
veal calves farms. Twenty percent of these farms had at least one ammonia measure
exceeding the recommended level of 10 ppm. Carbon dioxide was higher (P<0.001) in
closed barns compared to open barns for both, dairy and beef cattle indicating a worse
ventilation efficiency. Within closed barns tethered compared to loosed housed cows
showed higher carbon dioxide concentrations. Smilar results were found for beef cattle on
fully datted floors compared to bulls on deep litter. These results should drive attention
towards specific management practices and facilities but, in order to obtain a full picture
on the levels of gases concentration in cattle farms, further research should consider their
emissionsin different seasons aswell as cattle age, breed, and productive level.
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INTRODUCTION

In the last decades, several studies demonstrated the importance of the farm
microclimatic conditions for anima welfare. Continuous intake and oxygen/carbon
dioxide exchange between the anima organism and the environment makes the
respiratory system constantly exposed to the farm micro-climatic conditions. Particular
attention was therefore given to the presence of noxious gases concentrations that are
considered harmful for health of both, farmers and animals. The recent EFSA (2009) on
the effects of farming systems on dairy cow welfare and disease, indeed, reports
ammonia, methane and carbon dioxide as some of the most relevant gases.

Ammonia is an irritant gas that originates from chemical/biological breakdown of
livestock urine and faeces (Groot Koerkamp et al., 1998). High concentrations of
ammonia cause inflammation of the respiratory and ocular mucosa and could be noxious
for integumental and neuronal systems. In regards to the respiratory system, prolonged
exposure to ammonia, decreases the number of ciliated epithelial cells, and consequently
acts as a predisposing factor for the development or for enhancing severity of respiratory
disorders (Marschang, 1973; Wathes, 1994; Hartung, 1994). In some extreme cases
ammoniamay even be fatal.
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Carbon dioxide is a trace gas currently composing about 0.038% of the global
atmosphere equivalent to about 380 ppm by volume (IPCC, 2007). It is a greenhouse gas
and its concentration varies seasonally and on a regiona basis since in urban areas
concentrations are generally higher. Indoors carbon dioxide concentration can reach
levels up to ten times higher than environmental once. This confirms that carbon dioxide
is avery useful indicator for the assessment of air quality and of ventilation intensity in
the case of farms micro-climate conditions (EFSA, 2006).

Since intensive rearing conditions could be considered borderline between
physiologica and pathological, fingers are often pointed out on this farming system from the
welfare point of view. Severa actions have been done in order to set or recommend
acceptable levels that guarantee animal health and welfare in Europe. According to the EFSA
(2009) report, the threshold limit for carbon dioxide in animal house atmosphere is 3000
ppm, while for ammoniait is set to 20 ppm. However, according to the Scientific Committee
on Anima Hedth and Anima Welfare (SCAHAW, 2001) and the Swedish anima welfare
legidation (Lundborg et al., 2005) ammonia should not exceed 10 ppm for cettle.

It was aim of the current study, therefore, to investigate on-field concentrations of
the potentially noxious gases in dairy and beef cattle and veal calves farms at the
existing farming conditions.

MATERIALSAND METHODS

The cross-sectional study was carried out during winter 2007 on a sample of 86
commercial farms located in the Veneto region (North-East Italy). All farms were
specialized units: 35 rearing dairy cows, 21 rearing beef cattle and 30 rearing vea
calves. Every farm was visited ones by a trained assessor who gathered information
regarding the housing system and measured gases concentrations.

Instrumental gas measurements were carried out adopting the Dréger X-am 7000
device (Drager Safety Italia S.p.A., Milano, Italy) that detects methane, carbon dioxide,
ammonia, hydrogen sulphide and sulphur dioxide and is provided with a telescopic
probe. This alowed the assessor to remain in the feeding aley avoiding also excessive
animals movements. Considering that spatial distribution of gases concentrations differ
inside a single animal barn three repeated measurements were taken at a standardized
distance from the animals both, in the feeding alley and in the resting area.

At the time of the gases concentration measurements, micro- and macro-climate
temperature was also assessed using a termohygrometer (Delta OHM Sir.l., Padova,
Italy).

Data were submitted to statistical analysis with the SAS package (SAS, 2003). Farm
distribution and frequency were studied using the PROC FREQ procedure. Analysis of
variance was carried out adopting a mixed model approach with the PROC MIXED
statement considering the main effect as fixed and the farm and repeated measurement
effects as random. Main effects studied were at first the category of cattle (dairy, beef
and veal calves), the analysis was later on restricted to open versus closed barns in dairy
and beef cattle farms and to the type of housing system or floor where present such
distinction. Results were considered statistically significant for P<0.05.

RESULTSAND DISCUSSION

Farm sample distribution according to the housing conditions showed that, among the 35
dairy farms, 23 reared cows in a loose housing system with the adoption of cubicles
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either in open or closed barns while the remaining farms reared cows tethered in close
barns. Beef cattle were fattened on fully slatted floors in 11 farms and on deep litter in
10 farms. All veal calves were reared indoors on fully slatted floors either of concrete
(12 farms) or wooden (18 farms).

The present study focused mainly on the concentrations of carbon dioxide and
ammonia while methane, hydrogen sulphide and sulphur dioxide were omitted from
results. Methane was not detected in any farm and the remaining 2 gases were detected
only in vea calves farms in negligible concentrations. Descriptive statistics regarding
environmental temperature showed that on average it remained within seasona ranges
and, considering that the study was carried out during winter, temperature was not
further on included in the anaysis.

As shown in Table 1 regardless of the measure point, carbon dioxide and anmonia
concentrations were below the threshold limit set for animals (EFSA, 2009) in al the
three categories of cattle. However, the significant differences among cattle category
underlined that veal calves farms had the highest gases concentrations (Table 1). In
regards to carbon dioxide it is interesting to notice that the minimum recorded
concentrations are similar to the values reported for the composition of the global
atmosphere (IPCC, 2007), indicating likely good air exchange in these farms.

Positive results were also found looking at the concentrations of ammonia since they
never reached 4 ppm (Table 1). Values detected in this study confirm results reported by
Groot Koerkamp et al. (1998) for the three considered categories of cattle. Similarly to
carbon dioxide, the highest ammonia concentrations were recorded in vea calves barns
where the maximum value reached 15 ppm, comparable to the level recorded in group
housed calves on datsin the Netherlands (Groot Koerkamp et al., 1998). A detailed picture
of the farm distribution according to the threshold ammonialevel of 10 ppm recommended
for cattle by the Scientific Committee on Animal Health and Animal Welfare (SCAHAW,
2001) and accepted by the Swedish animal welfare legidation (Lundborg et al., 2005)
showed, indeed, that 20% of the veal calves farms had at least one ammonia measure
above such value. Poor air quality detected in this study for veal calves isin accordance
with the main characteristics of the standardized veal caves production system that is
based on indoor housing in closed barns on fully datted floors (Cozz et al., 2009).

Tablel

Concentration of carbon dioxide and ammonia detected in the feeding alley and in
theresting area in dairy, beef and veal calvesfarms

Dairy cattle farms Beef cattle farms Veal calvesfarms

Item (n=35) (n=21) (n=30) RMSE
Lsmean |Min-Max| Lsmean |Min-Max| Lsmean |Min-Max

Carbon dioxide (ppm)
;efg ng 703" 3002000 609° |300-1100| 861* |300-2200| 260.3
retingarea | 781° |300-1600| 770° |400-1200| 977*° |400-2200| 257.5
Ammonia (ppm)
;]eleed;“g 0.3° 0-6 0.0° 0-0 2.9° 0-15 | 216
resingarea | 0.9° 0-11 0.4° 0-8 37 0-15 2.75

Different superscript |etters within row mean significantly different for P<0.001
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Unlikely from the standardized veal calves production, dairy and beef cattle could be
reared adopting different housing systems. A first distinction between open and closed
barns allowed us to assess differences in gases concentrations for dairy and beef cattle
reared in the two types of barns (Table 2). As expected, open barns showed lower carbon
dioxide concentrations in both categories of cattle either when detected in feeding alley
or in the resting area. Ammonia concentration was significantly lower in the feeding
alley of open dairy farms while it showed no difference in the other cases.

Table?2

Carbon dioxide and ammonia concentrations detected in open ver sus closed barns
in dairy and beef cattle farms

Item Dairy cattle farms Beef cattlefarms
Open barn |Closed barn Open barn |Closed barn

n=18) | (=17) | = P | (n=p) (=16 | X P
Carbon dioxide (ppm)
feeding aley 519 898 434 | *** 467 654 39.7 | ***
resting area 593 980 39.4 | *** 640 810 44.2| *¥**
Ammonia (ppm)
feeding alley 0.0 0.59 0.20| ** 0.0 0.0 - -
resting area 0.63 1.14 041| ns 0.0 0.5 0.36| ns

ns: not significantly different; ** significantly different for P<0.01; *** significantly
different for P<0.001 within cattle category

Since carbon dioxide was higher in closed barns, a second step was the investigation,
within cattle category, of the housing system that has detrimental effects on air quality.
Looking at results in Table 3, it is noteworthy that carbon dioxide was more
concentrated in tie dairy farms regardiess of the place of measurement. Ammonia
concentrations were not significantly different, but the lower level recorded in the resting
area for tethered cows is in accordance with the trend reported by Amon et al. (2001)
who assumed a likely higher ammonia emission in loose housing systems due to their
different design.

Table3

Carbon dioxide and ammonia concentrations detected in closed bar ns according to
the housing system in dairy cattle farms and to the type of floor in beef cattle farms

Dairy cattlefarms Beef cattlefarms
Item Loosehousng Tiestall Slatted | Deep litter

(n=5) n=12) | ¥ P lfoorn=9) (=ny | F| P
Carbon dioxide (ppm)
feeding aley 687 986 80.6 | *** 707 586 37.6| **
resting area 793 1058 62.7 | *** 863 743 435 **
Ammonia (ppm)
feeding aley 0.0 0.8 045| ns 0.0 0.0 - -
resting area 15 1.0 0.57| ns 0.6 04 041| ns
See Table 2.
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In beef cattle farms, slatted floors seem worsening air quality since both higher carbon
dioxide and ammonia concentrations were detected even though ammonia levels were
not significantly different (Table 3). The same trend was recorded by Groot Koerkamp et
al. (1998) who studied ammonia concentrations and emissions in different livestock
categories. It is likely that different manure handling affects gas emission in the farms,
and in particular when liquid manure is kept underneath fully slatted pens (Cozz et al.,
2009).
CONCLUSIONS

Actual levels of carbon dioxide and ammonia were quantified through a cross-sectional
study carried out on a sample of dairy, beef and veal calves farmsin North-eastern Italy
during winter. In comparison to other livestock categories such as poultry and pigs,
results obtained for cattle showed that there is no reason for concern since the gases
concentrations were always below the threshold limits. However, poor air quality
recorded in some farms rearing veal calves in particular should drive attention towards
specific management practices and facilities in order to improve it. Implementation of
suitable barn design, appropriate ventilation and apt manure storage could be some
practical examples.

In order to obtain afull picture on the levels of gases concentration in cattle farms,
further research should, however, consider gases emissions in different seasons as well
as cattle age, breed, and productive level.
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