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Abstract

The aim of this paper was the study of the relationship between the air ammonia concentration and the bedding
hygiene in dairy cow barns with different housing systems. The study was conducted in 16 dairy farms (8 with tied
stalls and 8 with loose housing) in Transylvania, in the cold season. In each farm, the airborne ammonia
concentration was measured in the morning and the hygiene of the bedding was assessed. Air temperature, relative
humidity and air flow velocity in the barns were determined simultaneously. The data were analyzed using the SPSS
statistical software. The airborne ammonia concentration and the bedding hygiene score had significantly (P > 0.05)
higher values in the barns with tie stalls. The ammonia concentration correlated positively with the bedding hygiene
score in all the investigated farms. Keeping the bedding clean and dry in the dairy cows’ barns is an important factor

in reducing the airborne ammonia concentration.
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1. Introduction

Ammonia has been considered the most
significant air pollutant in dairy cow barns.
Prolonged exposure to ammonia can decrease cow
immunity, increase morbidity and reduce milk
production [1].

Several studies performed in different countries
sowed that ammonia concentrations in dairy cow
barns vary greatly depending on the type of
housing, livestock  density, environmental
conditions (air temperature, relative humidity, air
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velocity), bedding, ventilation,
cleaning and feeding ration [2, 3].
Generally, the average concentration of airborne
ammonia in dairy buildings is below 10 ppm [2]
and it tends to be slightly higher in barns where
manure is deposited on solid floors. In most
European countries, due to the irritating
properties, the maximum admitted concentration
of ammonia in the air of cow houses is 20 ppm
[4], although other recommendations indicate only
10 ppm, considering the cumulative effects of
harmful components [5]. In our country the
maximal admitted value for ammonia in the air of
cattle houses is 26 ppm [6].

In Romania only limited studies [7, 8] were
published regarding the airborne ammonia
concentration in dairy barns and the factors
influencing it.

frequency of
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The aim of this research was the study of the
relationship  between the air ammonia
concentration and the bedding hygiene in dairy
cow barns with different housing systems.

2. Materials and methods

The study was conducted in 16 dairy farms (8 with
tied stalls and 8 with loose housing) in
Transylvania, in the cold season. The farms were
selected with the help of veterinarians from three
counties of Transylvania and only those with the
owners’ agreement were included in the study. All
the farms with tied housing system (THS) had
closed barns, with natural ventilation. The manure
cleaning was made by manual handling (in 80% of
the barns) or mechanically (in 20% of the barns).
The farms with loose housing system (LHS) had
both closed (2 farms) and half-opened barns (6
farms). Most of the LHS farms (5 of 8 farms) used
mechanical manure cleaning. The number of the
cows varied in the assessed farms, housing
between 30 and 90 cows/barn. In each farm, the
airborne ammonia concentration was measured
and the hygiene of the bedding was assessed. Air
temperature, relative humidity and air flow
velocity in the barns were determined
simultaneously. The ammonia concentration was
determined in the morning by air sampling with
Drager — Multiwarn 1l (Dréger Safety, Germany)
device. Air temperature, relative humidity and air
flow velocity in the barns were determined using a
Testo 400 — GmbH & Co device. Bedding
cleanliness was scored using the system of
Panvivat et al. [9], scoring as follows: 1 = dry and
clean; 2 = 20 to 40% of bedding surface dirty or
wet; 3 = 40 to 60% of surface dirty or wet; 4 = 60
to 80% of surface dirty or wet; 5 = 80% of surface
dirty or wet. The data were analyzed using the
SPSS statistical software. The descriptive statistics
included mean, standard deviation, median,
minimum and maximum for each parameter. The
data obtained were analyzed to determine the
significance of the differences using the Mann-
Whitney  nonparametric  test.  Correlation
coefficient (Spearman r) was used to test the
relationships between ammonia concentrations
and bedding score, relative humidity, air
temperature and air flow velocity. The value of
minimal significance was considered at P < 0.05.
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3. Results and discussion

The results for the measured parameters in the 16
dairy farms are shown in Table 1.

In all the investigated farms airborne ammonia
was found in various concentrations, significantly
higher than in some other studies [2, 10, 11], but
similar to those reported in Germany, Finland,
Estonia and Romania [5, 7, 8]. Contrary to the
results of other studies [12], the airborne ammonia
concentration was found higher in the tie-stall
farms than in the free-stall ones. This result could
be because all the tie-stall barns were closed, and
the free-stall barns were half-opened, facilitating
better ventilation. Indeed, higher ammonia
concentrations can be the result of limited barn
ventilation [1]. In addition, in the majority of the
barns in LHS the manure evacuation was done
mechanically. The manuring interval and storage
time in a dairy building influences the amount of
exposed manure and the release of ammonia.
Ammonia concentration and emissions can be
reduced by removing manure before most of the
ammonia has volatilized. The maximum admitted
ammonia concentration was exceeded in 4 tie-stall
barns. In all the barns with LHS the airborne
ammonia, even if present, did not exceed the limit
of 26 ppm.

The air temperature and relative humidity were
significantly higher (P < 0.05) in the tie-stall barns
than in the free-stall barns. The measured
temperature had optimal values in the farms with
THS, but in those with LHS it was slightly lower.
Temperature is an environmental parameter that
can affect the health, welfare, and production
efficiency of dairy cows, and thus the profitability
of dairy production. The relative humidity varied
in the investigated farms, having much higher
values in the tie-stall farms, and being optimal in
the farms with LHS. In Romania, the
recommended optimum relative humidity for dairy
cows is from 60% to 75% [6]. Similar variation of
relative humidity is reported by Teye et al. [5] in
dairy cows’ barns in Finland and Estonia. Relative
humidity in the dairy buildings exceeded the
recommended values when the ventilation was
inadequate. High air humidity may have a
negative impact on animal welfare and can
promote bacterial development [13].

The velocity of the air flow had the same mean
values in the farms with different housing
systems, corresponding to those recommended for
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dairy cows. The maximal recorded values in farms
with THS and LHS were slightly higher. The

results are in conformity with those obtained by
other researchers in their studies [5].

Table 1. Descriptive statistical analysis for parameters measured in the 16 investigated dairy cow barns

THS (n=8) LHS (n=8)
Parameter Mean Median Mean Median
(SD) (Range) (SD) (Range)
Ammonia (ppm) 26.13 28.50" 15.63 14.00
(8.03) (9.00 - 34.00) (5.48) (4.00 - 25.00)
Temperature (C°) 9.40 8.40 4.63 4.65
(2.58) (6.00 - 14.20) (1.30) (3.20 - 7.40)
. - 85.09 85.45 63.54 62.35
Relative humidity (%) (6.22) (74.60 - 93.00) (6.55) (57.00 - 78.80)
Air flow velocity (m/s) 0.35 0.34 0.30 0.31
(0.04) (0.30 - 0.40) (0.05) (0.20 - 0.38)
. 450 5.00 3.13 3.00
Bedding score (10 5) (1.07) (2.00 - 5.00) (1.13) (2.00 - 5.00)

SD = standard deviation

THS = tie-stall housing system

LHS = loose housing system

* P < 0.05 the difference is significant between THS and LHS

The bedding score was significantly higher (P <
0.05) in the farms with THS than in those with
LHS. To this result possibly contributed also the
increased humidity in the barns with THS, besides
the scarce hygiene of the bedding.

Correlation analysis revealed a significant
relationship between bedding cleanliness score
and ammonia concentration both in the farms with
THS (rs = 0.76, P < 0.05) and in those with LHS
(rs = 0.88, P < 0.01). Similar results are reported
recently by Kaufman et al. [14] in dairy calf
housing. No significant correlation (P > 0.05) was
found  between the airborne  ammonia
concentration and temperature, relative humidity
or air flow velocity, probably because the reduced
number of measurements in the investigated barns.
These results are in accordance with those
communicated in other studies [10, 14].

4. Conclusions

The results of the present study indicated a higher
concentration of airborne ammonia in the closed
barns with THS, which were dirty and had scarce
ventilation. Keeping the bedding clean and dry in
the dairy cows’ barns is an important factor in
reducing the airborne ammonia concentration.

References
1. Osario, J. A., Tinco, I. F., and Ciro, H. J., Ammonia:

a review of concentration and emission models in
livestock structures, Dyna, 2009, 76, 89-99

163

2. Groot Koerkamp, P. W. G., Metz, J. H. M., Uenk, G.
H., Phillips, V. R., Holden, M. R., Sneath, R. W.,
Short, J. L., White, R. P., Hartung, J., Seedorf, J.,
Schroder, M., Linkert, K. H., Pedersen, S., Takai, H.,
Johnsen, J. O., and Wathes, C. M., Concentrations and
emissions of ammonia in livestock buildings in
Northern Europe, Journal of Agricultural Engeneering
Research, 1998, 70, 79-95

3. Herbut, P., Angrecka, S., and Nawalany, G., The
impact of barriers inside herringbone milking parlour
on efficiency of the ventilation system, Annals of
Animal Science, 2012, 12, 577-584

4. CIGR - Commission Internationale de Génie Rural,
Climatisation of animal houses, Report of working
group on climatisation of animal houses, Aberdeen,
Scotland, 1984, pp. 1-72

5. Teye, K. F., Hautala, M., Pastell, M., Praks, J.,
Veermée, I., Poikalainen, V., Pajumégi, A., Kivinen,
T., and Ahokas, J., Microclimate and ventilation in
Estonian and Finnish dairy buildings, Energy and
Buildings, 2008, 40, 1194-1201

6. National Sanitary Veterinary and Food Safety
Authority of Romania, Assessment card regarding
welfare and protection of calves, pigs, laying hens,
farm animals, 2007

7. Popescu, S., Borda, C., Hegedus, C. I, Stefan, R.,
and Diugan, E. A., Ammonia concentration in
Transylvanian dairy free-stalls barns. Proc. 3th Internat.
Conf. Research people and actual tasks on
multidisciplinary sciences, Bulgaria, 2011, 1, pp.159-
163

8. Popescu, S., Borda, C., EI Mahdy, C. I., Diugan, E.
A., Sandru, C. D., Spinu, M., and Stefan, R., Survey on
Ammonia Concentrations in Dairy Cattle Tie-Stall
Barns, Scientific Papers: Animal Science and
Biotechnologies, 2011, 44(1), 504-509



Popescu S. et al./Scientific Papers: Animal Science and Biotechnologies, 2017, 50 (1)

9. Panvivat, R., Pennington, J. A., Kegley, E. B,
Kellogg, D. W. and Krumpelman, S. L., Growth
performance and health of dairy calves bedded with
different types of bedding, Journal of Dairy Science,
2004, 87, 3763-3745

10. Seedorf, J., Hartung, J., Survey of ammonia
concentrations in livestock buildings, Journal of
Agricultural Science, 1999, 133, 433-437

11. Herbut, P., Angrecka S., Ammonia concentrations
in a free-stall dairy barn, Annals of Animal Science,
2014, 14, 153-166

12. Swensson, C., Gustafsson, G., Characterization of
influence of manure handling system and feeding on

164

the level of ammonia release using a simple method in
cow houses, Acta Agriculturae Scandinavica A, 2002,
52, 49-56

13. Herbut, P., Angrecka, S., and Nawalany, G.,
Influence of wind on air movement in a free-stall barn
during the summer period, Annals of Animal Science,
2013, 1, 109-119

14. Kaufman, J., Linington, M., Osborne, V. R,
Wagner-Riddle, C. and Wright T. C., Field study of air
ammonia concentrations in Ontario dairy calf housing
microenvironments, Canadian Journal of Animal
Science, 2015, 95, 539-542.



