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ABSTRACT

Gaseous emissions from livestock manure may adversely affect human and animal health as well
as the surrounding environment. In an effort to understand and mitigate these emissions, the
effects of different environmental factors and the addition of wood shavings on ammonia and
odour emissions from fresh pig and dairy cow manure were studied. The manure was divided
into two portions and wood shavings (25% pine and 75% spruce) were mixed with one portion.
Emissions from equal volumes (0.009 m’) of both portions were measured at different
environmental conditions in a flux chamber. The manure temperature was varied between 15-30
'C. Fresh air at temperatures between 16-26 'C was passed at a fixed rate over the manure. The
addition of wood shavings decreased the total-N and NH4-N, but increased the pH of the
manure at the end of the experiment. The temperature of the manure with wood shavings
increased faster than that of the manure without wood shavings. The ammonia emission from the
pig manure (0.08-0.41 mg m™ s™) was on average much higher than the ammonia emission from
the cow manure (0-0.08 mg m™~ s™). The odour emission from the pig manure was high (21-930
OU m™ s™), and significantly higher than the odour emission from the cow manure (1-6 OU m™
s'). A positive correlation was found between the ammonia emissions and the manure
temperature. Ammonia emissions were about 2 times higher at manure temperatures of about 25
'C compared to emissions at about 15 'C. Odour emissions were positively correlated with the
temperature of cow manure. Ammonia emissions at 25 'C were high, while odour emissions at
25 'C were lower than those at 20 'C for the pig manure with wood shavings. The emissions from
the cow manure but not from the pig manure were positively correlated to the water vapour
pressure. The measurements indicated a positive correlation between ammonia and odour
emissions for the cow manure as well as for the pig manure without wood shavings. The addition
of wood shavings to animal manure does not seem to automatically mitigate ammonia or odour
emissions as it also affects the temperature and the pH.

Keywords: Dry matter, C/N ratio, volatilization, temperature, ammonium, Sweden.
1. INTRODUCTION

Ammonia, greenhouse gases and odour emissions are major environmental problems related to
animal production. Agriculture contributes significantly to the anthropogenic emissions of
ammonia and greenhouse gases (Jungbluth et al. 2001; FAO 2006). Estimates suggest that
livestock buildings, manure storage, manure spreading and animal grazing account for a major
part of ammonia emissions into the atmosphere (Statistics-Sweden 2007). Odour from animal
production facilities originating from a large number of released odorants may negatively
influence residents in the surrounding neighbourhood (Nimmermark 2004; Schiffman et al.
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2001). In animal production, faeces and urine are major sources of ammonia and odour.
Mitigation strategies include air cleaning technologies (Luo and Lindsey 2006; Verdoes and
Zonderland 1999) and methods for reduction of the gas release such as improvements in manure
handling and feed manipulation (Hayes et al. 2004; Kai et al. 2008; Le et al. 2005). It has been
suggested that reduction measures should deal primarily with housing, manure handling, feed
(for example protein content and feed additives) and management systems (Hartung 1992).

Gaseous emissions are affected by environmental, biological, chemical and physical factors.
Factors considered important for the generation and release of gaseous emissions include 1)
environmental factors: temperature, air exchange rate and air speed above manure surface; 2)
manure characteristics: dry matter (DM) content, carbon-to-nitrogen (C/N) ratio and pH; 3)
factors related to management: feed composition, manure storage time inside the barn and the
size of manure surface (Andersson 1995; Gustafsson 1996). A comparatively new study suggests
that in addition to temperature, the air humidity (water vapour pressure) is also important for
ammonia and odour release (Nimmermark and Gustafsson 2005).

With regards to temperature, ammonia production from urea hydrolysis to the subsequent
processes of dissociation and volatilisation is faster at higher temperatures (Groot Koerkamp
1994; Monteny and Erisman 1998). Odour emissions have also been reported to increase with
temperature (Le et al. 2005).

The use of straw, wood shavings, peat or other materials as bedding for animals provides a
resting surface and rooting or scratching material. Such materials also adsorb urine and manure.
The type and quantity of material affects gaseous emissions in the building. The addition of these
materials to manure increase the DM content and the C/N ratio thereby providing energy for
microbes to immobilise excess ammonium leading to reduced ammonia emissions (Groenestein
and Van Faassen 1996; Poincelot 1974). The addition of straw to farmyard manure has also been
shown to reduce methane and nitrous oxide emissions (Yamulki 2006). However, depending on
the design and management, systems with bedding materials may emit more ammonia than
systems without bedding materials. This could be due to manure accumulation on the surface of
the bedding material which can continue to emit ammonia for a longer period of time. Systems
without bedding materials may have slatted floors through which the manure drops into the
slurry pit and might not be affected by air flow in the building (Sommer et al. 2006). More
ammonia and greenhouse gases were emitted in a system where pigs were reared on straw based
deep litter than in a system where the pigs were kept on fully slatted floor (Philippe et al. 2007).
Microbial activities during the degradation of the manure may result in changes in the pH and
heat release which indirectly affect gaseous emissions. Ammonia emissions may be greater from
solid than from liquid manure during the initial phase of microbial degradation due to a higher
self-heating temperature resulting from microbial activities in the solid manure (Dewes, 1999).

An effective mitigation strategy should consider all forms of gaseous emissions to avoid the
problem of pollution swapping. It is undesirable if the mitigation of ammonia results to increased
odour production from animal husbandry. An inconsistent pattern has been reported in the
relationship between ammonia and odour concentrations when measurements were carried out in
buildings with low ammonia concentrations and in laboratory reactors (Ogink and Koerkamp
2001; Fakhoury et al. 2000). Mitigation methods should be cost efficient and it is of great interest
if considerable reductions of gas emissions can be achieved inside barns by manipulating the
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indoor climate. In order to better understand and to improve the knowledge of ways to mitigate
emissions by manipulation of the environment in animal production facilities with frequent
manure removal, experiments were conducted with fresh manure under different environmental,
physical and chemical conditions. Bedding materials like wood shavings which are mainly used
for animal welfare reasons may significantly affect gas emissions in animal buildings. Given the
limited knowledge that exists, it is interesting to study how the mixing of manure with wood
shavings influence both gas and odour release.

1.2 Objective

The aim of this research was to identify how environmental factors and the addition of wood
shavings influence the emission of gaseous compounds and odour from fresh livestock manure.
Ammonia and odour emissions from fresh manure with and without the addition of wood
shavings were to be compared in a laboratory experiment using a climate controlled chamber.
The temperatures of the air and the manure were to be input parameters. The emissions of carbon
dioxide, methane and nitrous oxide were also to be measured. Furthermore, the existence of a
relationship between odour and ammonia emissions was to be studied.

2. MATERIALS AND METHODS
2.1 Manure collection and sample treatment

Manure was collected from the pit underneath the slatted floor in a building with fattening pigs.
It was considered fresh since the pit was emptied daily to an external storage tank. Manure was
also collected from a tie-stall dairy cow barn. It was collected from an open shallow slurry
channel behind the cows where it was scraped out twice a day for storage.

The pigs from which the manure was collected were fed with crushed pellets (Piggfor, Origo 522)
manufactured by Lantménnen Lantbruk® (Linkdping, Sweden). It contained 129 g/kg crude
protein and 12.4 MJ kg metabolisable energy. The dairy cows from which manure was
collected were fed with grass silage (20% clover and 80% grass) which was supplemented with a
concentrate (50% grain and 50% commercial concentrate). The cows were of the breed Swedish
Holstein and the milk production rate was about 9000 kg milk cow” yr'' which is close to the
Swedish average.

The experimental design is shown in Table 1. Fresh manure was collected three times on three
different days (samples 1, 2 and 3) from each animal building. Each manure sample was divided
into two portions and wood shavings were mixed with one portion. The mass ratio of manure to
wood shavings was about 13:1 for the pig manure and 12:1 for the cow manure. The wood
shavings were a combination of flakes from 40-60 years old pine (25%) and spruce (75%) trees.
The flakes had a main particle size of 1-20 mm and were mostly 0.1-0.5 mm thick with some
measuring up to 1 mm. Emissions from each portion were measured in a flux chamber for
combinations of three different manure temperatures; approximately 15, 20 and 25 'C and three
different air temperatures; approximately 15, 20 and 25 'C (Table 1). Each sample had 18
treatments, (9 without and 9 with wood shavings) giving a total of 54 treatments per animal
manure type.
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The time order for measurements of emissions from different treatments and for different manure
temperatures and different air temperatures were randomly chosen in order to avoid systematic
errors. The cow manure was analysed within 4 days and the pig manure within about 5 days after
the manure samples were collected. Plastic papers were placed over the containers with the
manure samples at the end of each day experiments were conducted. The samples were stored at
room conditions (1015 'C) in the building where the experiments were conducted.

Table 1. Experimental design for each animal manure type

Manure without wood shavings Manure with wood shavings
MT, C MT, C
15 20 25 15 20 25
Sample 1, Gases " " Gases " "
2 (E)r 3 P Odour 15 Odour
AT, " Gases " AT, " Gases "
c 20 Odour c 20 Odour
" " Gases " " Gases
25 Odour 25 Odour

AT: Air temperature, MT: Manure temperature, ": Gases and odour emissions were measured, Gases: NH;, CHy,
N,O and CO,. Samples 2 and 3 were repetitions of the design in sample 1 with newly collected manure.

2.2 Experimental set-up

The design of the insulated laboratory climate chamber used in the experiment is shown in
Figure 1. The manure sample was placed in a container (surface area 0.20 m®) which was
lowered into a water-bath. The height of the manure layer was 0.04-0.05 m. Manure
temperatures (approximately 15, 20 or 25 'C) were attained by heating the water. A closed
chamber was achieved by placing an insulated hood on top of the manure container. The
chamber was approximately 0.55 m long and 0.37 m wide. The height from the manure surface
up to the inner surface of the hood was approximately 0.57 m. The ventilated hood was equipped
with an inlet duct, an exhaust fan connected to an outlet and a circulation fan for mixing the air
inside the hood. The diameter of the inlet and outlet ducts was 0.07 m.

Prifle plate Circulatory fan To multi-gas analyser
To multi-gas analyser
77 77 77 7777 Thermocouple
0 2
— [, - = v & |> _______ - S | 4—
Exhaust air Air inlet
7 7
Exhaust fan % %
<@ R % Water bath
Insulation Z N g
Water heater ©
7L Manure
7. 7. 7 7
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Figure 1. Design of the climate chamber and experimental set-up

Fresh air from a location outside the building was pulled through the chamber by the exhaust fan.
The outside air was heated before entering the climate chamber in order to achieve specific air
temperatures inside the chamber (approximately 15, 20 or 25 'C). The airflow rate through the
chamber was kept fixed for each animal manure type by adjusting the voltage to the exhaust fan.
It was calculated from the pressure difference that was measured at an orifice plate at the air
exhaust duct. The pressure difference was measured with a pressure gauge (EMA 84, Halstrup-
Walcher GmBh, Kirchzarten, Germany) with an accuracy of =1 Pa. A lower airflow was used for
the cow manure to ensure that the lower gas concentrations were measured. The airflow rate was
11342 m* m™ h™' for the pig manure and 80+2 m®> m™ h™ for the cow manure.

2.2.1 Measurements of gaseous emissions

The concentrations of NH3 and also CH4, N,O, CO; and water vapour in the air were measured
with a photoacoustic multi-gas analyser 1412 and a multiplexer 1309 (Lumasense Technologies
SA, Ballerup, Denmark). The detection thresholds of the gases were: 0.2 ppm NHs, 0.03 ppm
N;O, 0.4 ppm CH4 and 1.5 ppm CO,. The measuring accuracy for the multi-gas analyser
according to data sheets from the manufacturer is within £2—-3% of the actual concentration.

Air was drawn through two channels of the multiplexer to the analyser using 3.2 mm (inner
diameter) polytetrafluoroethylene (PTFE) tubes. The inlets of the tubes had 1 um membrane
filters (Millipore Corporation, Billerica, USA) that trapped dust particles. The background gas
concentrations at the air inlet to the climate chamber were measured through one of the
multiplexer channels for about an hour. This was carried out at the beginning and at the end of
each day experiments were conducted. The multiplexer was on other occasions switched to a
second channel where gas concentrations at the air exhaust were measured. The concentration of
a gas at the exhaust was measured for about 30 minutes during which time it changed steadily
before stabilising.

The emission rate of a gas was calculated using the measured airflow rate and the relative
concentration of the gas as given in Eq. (1).

ER = VR(Cexhaust - Cinlet) (1)

where ER is the emission rate in mg m> s'l, VR is the ventilation rate in m> m™ s'l, Coxhaust 18 the
gas concentration in mg m> at the exhaust of the chamber, Cj, 1s the gas concentration
measured in mg m™ at the inlet to the chamber. This was the mean for about 5 minutes of
measurements after stabilisation.

2.2.2 Measuring the odour emissions

Odour samples were collected in nalophan bags at the exhaust of the climate chamber using a
vacuum sampling device manufactured by ECOMA (Honigsee, Germany). Samples were taken at the
end of each experiment when the measured temperatures and gas concentrations were stable.
Collected samples were analysed following procedures described in European guidelines (CEN,
2003). A standardised panel and an ECOMA (Honigsee, Germany) TO7 olfactometer were used for
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measurements of odour concentrations (OUg). Odour emissions were calculated from measured
odour concentrations and measured airflow rates. Odour analyses were carried out for samples 2
and 3 of the pig manure and for samples 1 and 2 of the cow manure.

2.2.3 Measuring the temperature

Thermocouples (Cu/CuNi) and a logger (INTAB Interface-Teknik AB, Stenkullen, Sweden)
were used to measure and sample temperatures in the air inlet, the manure chamber, the air
exhaust and the water bath. Temperatures at each experiment were calculated as the mean for
about 5 minutes of measurements after the exhaust air concentrations had stabilised.

2.2.4 Measuring the manure chemical content

At the end of the measurements for each manure sample, a small quantity of the manure was
collected and stored in a freezer. It was later sent to a laboratory (Eurofins) for chemical analyses.
The DM content, total-N, NH4 -N, C/N ratio and pH, in the manure were measured. A sample of
the wood shavings was also analysed for these parameters.

3. RESULTS

The manure composition, temperature and emissions ranges from the samples with and without
wood shavings for the pig and cow manure are presented in Table 2 and Table 3, respectively.
The ammonia emission from the pig manure (0.08-0.41 mg m™~ s™) was on average much higher
than the ammonia emission from the cow manure (0-0.08 mg m? s™). The odour emission from
the pig manure was high (21-930 OU m™ s) and significantly higher than the odour emission
from the cow manure (1-6 OU m™s™).

Table 2. Manure characteristics, environmental parameters and emissions from the pig manure samples

Sample 1 Sample 2 Sample 3
Parameter No WS With WS No WS With WS No WS With WS
DM, % 18 213 20.7 26.1 16.8 25.7
Total-N, kg ton™ 8.7 75 9.8 93 9 76
NH,"-N, kg ton™ 3.9 3.2 3.9 3.4 49 3.4
C/N ratio 16 22 15 20 17 28
pH 7.6 8.2 7.5 8.1 7.6 8.2
Manure temperature, C 16— 27 15-30 15 - 25 1625 15-26 17-26
Air temperature, ‘C 16 —26 15-25 16 -26 16 -25 1625 16-26
Water vapour, Pa 762 — 1083 788 — 1187 886 — 1049 882 —1038 769 — 996 682 — 947
RH, % 26— 45 27-50 27-53 32-51 26— 46 27— 46
NH;, mgm”s™ 0.13-0.22 0.1-0.39 0.08—021 0.09-0.36 0.18-0.20  0.18-0.41
CO,, mgm™s’ 0.22-0.73 0.28 —1.59 0.75-151 1.60-2.29 030-0.55  0.92-1.80
Odour, OU m™s™! NA NA 24 - 413 21-304 177 - 934 22 - 386

WS: wood shaving, NA: Not available (Odour was not analysed)

Table 3. Manure characteristics, environmental parameters and emissions from the cow manure samples

Sample 1 Sample 2 Sample 3

Parameter No WS WS No WS WS No WS WS
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DM, %

Total-N, kg ton™!
NH,"-N, kg ton™!

C/N ratio
pH

Manure temperature, C
Air temperature, C
Water vapour, Pa

RH, %
NH;, mg m?s™!
CO,, mg m2s!

Odour, OU m*? 5!

12

3.5

0.6

18

7.5

16 -23
17-25
957 -1147
32-53
0.01-0.02
0.33-0.55
1.27-3.47

17.7

3.1

0.5

32

7.7
16 - 24
16 -25
905 - 1156
34-62
0-0.02
0.34-0.75
1.03-3.45

12.3

4

1

18

8.2

14 -24

16 - 25
938 — 1284
33 -57
0.04 —0.08
-0.10 - 0.56
1.24-5.59

16.9

35

0.7

28

8.2

16 - 26

16 —24
889 — 1304
33-53
0.02-0.07
0.68—1.15
1.24-5.59

10.2

33

0.9

18

7.6

15-26

18 -25
895 -1543
33-54
0.03-0.08
0.44-0.79
NA

18.7

3.6

0.7

30

8

17-28
19-25
932 - 1535
33-54
0.01-0.08
0.89-0.41
NA

WS: wood shaving, NA: Not available (Odour was not analysed)

3.1 Influence of wood shavings on the manure composition

The wood shavings had the following composition: 88.5% DM, 1 kg ton total-N (Kjeldahl
method), 0.2 kg ton™ NH,"-N (Kjeldahl method), 550 C/N ratio and a pH of 5.4. The addition of
wood shavings led to increased DM, C/N ratio and pH levels for both the pig and cow manure
samples (Table 4). It decreased the total-N and NH,'-N levels in both animal manure types (a
slight discrepancy was observed for total-N in the third cow manure sample).
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Table 4. Percentage change in the manure characteristics after adding wood shavings

Pig manure Cow manure
Manure content
Samplel Sample 2 Sample 3 Sample 1 Sample 2 Sample 3

DM 18 26 53 48 37 83
C/N ratio 38 33 65 78 56 67

pH 8 8 8 3 0 5
Total-N -14 -5 -16 -11 -13 9
NH,-N -18 -13 -31 -17 -30 -22

Values in this table were calculated from the measured values in Table 2 and Table 3

3.2 Relationships between emissions and environmental parameters

Correlation coefficients between ammonia and odour emissions and chosen environmental
parameters are presented in Table 5. A positive correlation was found between the ammonia
emissions and the manure temperature for both animal types. Odour emissions were positively
correlated with the pig and with the cow manure temperatures for samples without wood
shavings. Odour emissions and manure temperature were also positively correlated for the cow
manure with wood shavings. Odour emissions were higher for the pig manure than for the cow
manure with wood shavings, and for these samples a negative relationship was found between
odour emissions and manure temperature. The air temperature and relative humidity did not
significantly affect the ammonia or the odour emissions. Although the water vapour pressure was
positively correlated with the emissions from the cow manure, this relationship could not be seen
for the pig manure. Ammonia and odour relationships were positive for the pig and cow manure
samples without wood shavings, and also for cow manure with wood shavings. This relationship
was negative for the pig manure with wood shavings.

Table 5. Pearson's product-moment correlation coefficients between emissions and climate parameters

Pig manure Amrrll\i)(r)li‘:OOd ShaVi(n)%lsour Amm<)\rt]i(:10d Sha‘/ingz)dour
Manure temperature 0.70"" 0.40 (NS) 0.72"" -0.70"
Air temperature 0.18 (NS) 0.15 (NS) 0.11 (NS) -0.16 (NS)
Relative humidity -0.20 (NS) -0.24 (NS) -0.15 (NS) 0.06 (NS)
Water vapour pressure 0.06 (NS) -0.23 (NS) -0.06 (NS) -0.23 (NS)
Ammonia/Odour correlation 0.40 (NS) -0.51"

Cow manure _
Manure temperature 0.48%* 0.75 0.69 0.47

Air temperature 0.20 (NS) -0.09 (NS) 0.13 (NS) 0.05 (NS)
Relative humidity 0.24 (NS) 0.44 (NS) 0.36 (NS) 0.13 (NS)
Water vapour pressure 0.57" 0.66" 0.67"" 0.39 (NS)
Ammonia/Odour correlation 047 0.43 (NS)

Level of significance ": p <0.05, : p <0.01, . p <0.001, NS: Not significant
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Regression analyses were carried out for emissions and environmental parameters when
significant correlations coefficients were observed. A Box-Cox transformation of the emissions
was necessary in order to achieve normally distributed data with constant variances. The
logarithm and square root were the optimal transformations. Linear regressions between the
ammonia emissions and the pig manure temperature for the samples with and without the
addition of wood shavings are shown in Figure 2. The coefficients of determinations were the
same in both cases (R? = 0.45).

Regression analyses for the ammonia and odour emissions as a function of the cow manure
temperature are shown in Figure 3. The strength of the relationships differed with manure
composition which is reflected in the coefficients of determination in Figure 3.
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Figure 2. Regression of the ammonia emissions with the pig manure temperature
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Figure 3. Regression of ammonia and odour emissions with the cow manure temperature

Regression analyses showed that the water vapour pressure had more influence on the odour than
on the ammonia emissions from the cow manure without wood shavings (Figure 4). This could
not be extended to the cow manure with wood shavings.
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Figure 4. Ammonia and odour emissions as a function of the water vapour pressure for the cow
manure without wood shavings
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Figure 5. Relationship between odour and ammonia emissions from pig and cow manure

Variations in odour with ammonia emissions are presented in Figure 5. Odour release increased

. . . 2 -1 . . .
with ammonia up to an emission of about 0.25 mg m™ s~ for the pig manure with wood shavings.
At higher ammonia emissions (0.28-0.40 mg m™ s™), the odour emissions were lower.

3.3 Comparison of emissions from manure with and without wood shavings

The effects of adding wood shavings to the manure on the ammonia and odour emissions were
analysed for each manure sample in a two-way ANOVA model shown in Eq. (2). When the
differences were significant (p < 0.05), multiple comparison testing was carried out using
Fisher’s LSD test to determine which manure treatment had higher emissions.

Yu=t+a,+ B+ Aty ?2)

where Y is the emission, u is the overall mean emission, & is the treatment effect (with or
without wood shavings), /3 is the effect of the manure temperature, A is the time effect (days) of
manure storage before analysis, € is the error, i, j and k are levels in the factors.

The logarithm transformation was used when necessary to meet the criteria for ANOVA. § and A
were dropped from the model when they were not significant (p > 0.05). Figure 6 shows the

difference in ammonia emissions when wood shavings were added to both animal manure types
compared to the control.
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Figure 6. Comparison of ammonia emissions between manure with wood shavings (WS) and
without wood shavings (NWS)

Ammonia emissions were higher (p < 0.05) from all the three pig manure samples with wood
shavings compared to the control. They were lower (p < 0.05) from the cow manure with wood
shavings in samples 2 and 3. There was no significant difference in the ammonia emissions from
the cow manure in sample 1.

There was no significant difference in the odour emissions from the pig manure with and without
wood shavings in sample 2, whereas in sample 3 the manure with wood shavings had a lower
odour emission. There was also no significant difference in odour emissions from all the cow
manure samples.

3.4 Methane and nitrous oxide emissions
No significant amounts of methane or nitrous oxide emissions were found in this study. However,

small amounts of methane were observed during measurements of emissions from one sample in
one treatment of the pig manure.

4. DISCUSSIONS
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Ammonia emissions were higher from the pig manure when compared to the cow manure. Odour
emissions were very much higher from the pig manure. A positive correlation was found
between the ammonia emissions and the manure temperature for both the cow and pig manure.
Odour emissions were positively correlated with the manure temperature for cow manure. Odour
emissions also increased by manure temperature for the pig manure without wood shavings. The
emissions from the cow manure were positively correlated to water vapour pressure but the
relationship was not significant for the pig manure. The addition of wood shavings lowered the
ammonia emissions from the cow manure but rather increased the emissions from the pig manure.
Furthermore, no significant emissions of greenhouse gases were found in this study. One factor
to consider when comparing emissions from the manure with and without added wood shavings
is the size of the surface area. The manure without wood shavings had a rather smooth surface
and thus a relatively small surface area, while the manure with wood shavings had a rough
surface and thus a larger surface area.

The positive relationship between the manure temperature and the ammonia emissions for all the
samples in the present study is supported by other publications (Van der Stelt et al. 2007,
Andersson 1998). Lowering the temperature has been found to decrease ammonia emissions and
in a study the ammonia emissions in a cow barn were reduced by 11-23% when incoming
drinking water was passed through pipes in the manure gutter to cool the manure (Gustafsson et
al. 2005). In the present study the ammonia emissions were about 2 times lower at manure
temperatures of about 15 'C compared to emissions at about 25 'C, suggesting that lowering the
manure temperature is an effective mitigation strategy.

The increase in odour emissions with increasing cow manure temperature has been supported in
a laboratory experiment for pig manure (Le et al. 2005) and in a floor housing system for laying
hens (Nimmermark and Gustafsson 2005). The non-significant or even negative relationship
between the odour emissions and the pig manure temperature indicates that there are also other
parameters of great importance for the formation and release of odour. Interestingly, it was
observed that the pig manure samples with wood shavings had very low odour emissions at
manure temperatures of 25 'C, but measured values at 20 C were higher than values at 15 'C.
Variations in microbial activity due to temperature and/or changes of the manure surface might
be an explanation.

The air temperature did not significantly influence the ammonia and odour emissions, although
positive correlations have been reported for barns, especially during low animal activity periods
(Nimmermark and Gustafsson 2005; Jeppsson 2002; Le et al. 2005). A negative influence of
ambient air temperature on ammonia emission was observed in a barn (Aarnink et al. 1993). Due
to the experimental set up in the present study, it was likely that a different parameter like the
manure temperature masked the effect of the air temperature. The manure temperature was not
affected by air temperature, because the manure temperature was controlled by heating the water.
It was also observed that when the manure temperature was high (~25 'C), it was difficult to set
the air temperature to a lower value (~15 'C) due to heat transfer from the manure to the head
space of the chamber. In addition, the duration of air temperature change might not have been
long enough for convective heat transfer between the airflow boundary layer and the manure
surface to be significant. In a barn, the air temperature should likely influence the manure
temperature.
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High pH values are considered to increase the emissions of ammonia and this was observed for
the pig manure where samples with wood shavings had higher pH and higher ammonia
emissions than those without wood shavings. The addition of wood shavings led to increased pH
for the cow manure, but not to such an extent that it significantly increased the ammonia
emissions. The pH of the wood shavings was 5.4 and could not have accounted for the higher pH
levels of the manure after wood shavings were added. It has been shown that if the
concentrations of the buffer components that control the slurry pH decrease due to volatilisation,
the slurry surface pH will increase (Blanes-Vidal et al. 2009). The buffer components include the
total inorganic carbon, total acetic acid and the total ammonium nitrogen (TAN). In particular, it
was observed that the total-N decreased for the manure with wood shavings and this might
contribute to the rise in the pH. Other research has confirmed the inverse relationship between
manure pH and TAN (Le et al. 2005). Increase in pH during the initial stages of slurry storage
has also been reported (Canh et al. 1998).

A recalibration of the multi-gas analyzer before measurements in each batch minimized the
possibility of cross interference between water vapour and ammonia concentrations which might
affect their correlations. The positive correlation between water vapour pressure and emissions
from the cow manure in contrast to the pig manure might have been due to the higher water
content of the cow manure as compared to the pig manure. The relationship between emissions
and humidity in the presented study has been confirmed elsewhere. Positive correlations between
odour emissions with water vapour pressure (r = 0.92) and ammonia emissions with water
vapour pressure (r = 0.78) have been measured in a floor housing system for laying hens
(Nimmermark and Gustafsson 2005), where r is the correlation coefficient. In a field study where
fluxes were measured after the application of hog manure, it was found that ammonia
volatilization increased with water vapour pressure deficit (R* = 0.65), where R” is the
coefficient of determination (Mkhabela et al. 2009). A good correlation between ammonia
emissions and vapour pressure deficit has also been reported (R* = 0.53) from dairy cattle
manure (Gordon et al. 2001).

The addition of wood shavings to the cow manure increased the C/N ratio from 18 to 28-32
which is in the optimal range (25-35) for microorganisms to immobilise ammonium (Ekinci et al.
1998; Poincelot 1974). This explains the drop in ammonia emissions from the cow manure after
wood shavings were added. In addition to the high C/N ratio of the wood shavings, the
degradability of the carbon (C) is important as it is easily available to microbes and enhances
ammonium immobilization (Tasistro et al. 2008; Sommer et al. 2006). The difference in the
availability of C in wood shavings from different type of trees and in other bedding materials is
due to the proportion of lignin; the higher the proportion of lignin (e.g. pine trees relative to
wheat straw), the lower the degradability of the C (Martin et al. 1993; Tasistro et al. 2008). Resin
and terpenes in the wood shavings may also reduce the degradation rate to some extent. At low
C/N ratios, the excess nitrogen is emitted as ammonia while at high C/N ratios all the nitrogen is
utilized for protein synthesis. Reductions in ammonia emissions have been reported after adding
wood shavings to animal manure (Luo et al. 2004; Tasistro et al. 2008). The increase in ammonia
emissions from the pig manure after wood shavings were added could be caused by a
combination of different factors. The increase in C/N ratio after wood shavings were added was
not within the optimal range except for one sample where it was 28. The increase in the pH after
adding wood shavings contributed to increasing the ammonia emissions. It was also noted that
the temperature of the pig manure with wood shavings increased faster than without wood
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shavings as compared to the cow manure. Lower heat capacity and self-heating due to microbial
activity might explain this faster rise in temperature. This was also evident in higher CO,
emissions for the manure samples with wood shavings relative to samples without wood
shavings. These might explain the higher ammonia emissions from the pig manure with wood
shavings in conformity with another previous research where it was also shown that manure with
a higher DM eventually emits less ammonia over a longer period of time (Dewes 1999).

The anomaly seen in the ammonia and odour relationship has been reported elsewhere (Ogink
and Koerkamp 2001). A non significant correlation between ammonia and odour concentrations
has been measured (Fakhoury et al. 2000). However, it has been found that odour emissions are
low for pig houses with low emissions of ammonia (Jongebreur et al. 2003). Interestingly, the
ammonia and odour emissions from the cow manure were low, and for this type of manure as
well as for the pig manure without wood shavings, the measurements indicated that a positive
correlation might exist. A study suggests that ammonia contribution to odour concentration is
only significant when hydrogen sulphide is absent (Blanes-Vidal and Hansen 2008). In other
studies, a positive correlation between ammonia concentration and odour intensity has been
measured (McGinn et al. 2003) and positive correlations in the emission rates have been reported
(Wood et al. 2001). Positive relationships between ammonia and the concentrations of volatile
organic compounds have also been utilised for emission rate calculations (Ngwabie et al. 2008).

Nitrous oxide and methane were not produced in measurable amounts from the manure. Low
nitrous oxide emissions have been measured in cattle barns with slurry based manure handling
(Ngwabie et al. 2009; Zhang et al. 2005). A move from straw to slurry based systems has been
recommended in order to mitigate nitrous oxide emissions (Chadwick et al. 1999). The aerobic
nature of the manure in the present study due to the continuous flow of air over the surface and
the short storage duration might not be ideal conditions for methane formation. Given enough
time, it is presumable that the generation of these gases might have reached measurable levels
(Huther et al. 1997). Generally, these results show that irrespective of the type of manure,
lowering its temperature is a potential method to reduce emissions. While the use of bedding
material is good for the welfare of the animals, its emission reduction potential should be
maximised by choosing appropriate materials (Jeppsson 1998, 1999). The proportions between
manure and wood shavings in the study were (visually) comparable to what can be found at some
commercial Swedish farms. However, proportions vary between different locations in a barn and
between systems and management. Deep litter systems may have an uneven mixture of manure
and bedding materials in different parts of the building due to the behaviour of the animals. The
C/N ratio might therefore still be low in locations were the animals defecate and urinate. Mixing
of the manure from time to time or frequent removal of the portions with high urine/faeces load
might be useful.

5. CONCLUSIONS

The following conclusions can be drawn from the study of the effects of environmental factors
and the addition of wood shavings on ammonia and odour emissions from fresh livestock manure:
e The ammonia emissions were positively correlated to the manure temperature. Emissions
were about 2 times higher at manure temperatures of about 25 'C when compared to
emissions at about 15 C.
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e The odour emissions were positively correlated to the cow manure temperature. Odour
emissions had a positive tendency with the temperature of the pig manure without wood
shavings. A positive correlation between the odour emissions and the temperature of the
pig manure with wood shavings could not be found since odour emissions were low at
temperatures of about 25 "C.

e The ammonia and odour emissions from the cow manure were positively correlated to the
water vapour pressure although no influence of the relative humidity on the emissions
was observed.

e The addition of wood shavings to animal manure does not seem to automatically mitigate
ammonia or odour emissions as it also affects the temperature and the pH: it lowered the
ammonia emissions from the cow manure but rather increased the emissions from the pig
manure. Although the manure with wood shavings had a lower total-N and NH,'-N, the
pH was higher than that of the manure without wood shavings. The temperature of the
manure with wood shavings increased faster than that of the manure without wood
shavings.

e There was an inconsistency in the relationship between the ammonia and odour emissions.
However, a positive tendency seemed to be favoured. The measurements indicated a
positive correlation for the cow manure as well as for the pig manure without wood
shavings.

e Nitrous oxide and methane production from the fresh manure was not within the
measurable levels of the multi-gas analyser.

Previous studies and the results in the present study indicate that climatic factors and the addition
of bedding material significantly affect gaseous emissions from manure. There is the need for
further studies to be carried out to understand how the addition of a material with a high DM
content or C/N ratio affects emissions on a short as well as on a long term basis.
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