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Seasonal trends in emission of odorous gases from growing-finishing swine houses
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ABSTRACT

The air quality in swine houses has caught attention of scientists and general public. The swine waste generates
various odorous gases, which affects the health of farm workers and local residents. In this study, we investigated
the composition and concentrations of three major groups (i.e. acidic, sulfuric and phenolic) of odorous gases in
growing and fattening swine houses during winter and summer, and studied their relationship with aerial parameters
(i.e. temperature and relative humidity). Among 10 different odorous gases measured, acetic acid was the most
abundant odorous gas across both seasons. Except iso-valeric acid, dimethyl sulfide and dimethyl disulfide, the
concentrations of other odorous gases varied significantly between winter and summer. The concentrations of
these odorous gases were significantly higher in winter, except for p-cresol, which was significantly higher in
summer. The aerial temperature showed significant positive correlations with concentrations of most of the acidic
and sulfuric groups odorous gases, whereas, relative humidity was negatively correlated with concentrations of
relatively fewer members of acidic and sulfuric groups odorous gases. The relationships studied here could be
useful in regulating the emission of odorous gases from growing and fattening swine houses.
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Modern swine houses are designed to house as many
swines as possible in a limited space with controlled aerial
parameters. The swine excretions and residuals of feed,
which are accumulated within the swine houses, emit
various odorous gases (Radon et al. 2002, Guffanti et al.
2018, Ni et al. 2018). Prolonged exposure to these odorous
gases can cause adverse health effects such as conjunctive
irritation, nose and throat discomfort, headache, allergic
skin reaction, nausea, emesis, epistaxis, fatigue, and
dizziness in farm workers and local residents (Douglas et
al. 2018, Ganpat et al. 2019).

A diverse group of odorous gases are known to be emitted
from swine houses (Hartung and Phillips 1994, Schiffman
et al. 2001, Yao et al. 2011). Hartung and Phillips (1994)
reported that there are about 130 gases found in livestock
buildings. Schiffman er al. (2001) classified 331 volatile
organic compounds (VOCs) emitted form swine facilities
including many acids, alcohols, aldehydes, amides, amines,
aromatics, esters, ethers, fixed gases, halogenated
hydrocarbons, hydrocarbons, ketones, nitriles, phenols,
other sulfur- and nitrogen-containing compounds, and
steroids. Yao et al. (2011) studied the key VOCs emitted in
nursery swine house, and found various dominant VOCs
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including acidic (acetic acid, propionic acid, butyric acid,
iso-butyric acid, valeric acid and iso-valeric acid), sulfuric
(merchaptans methanol, dimethyl sulphide (DMS),
dimethyl disulphide (DMDS)), and phenolic (p-cresol)
groups. Yao et al. (2011) showed that air temperature
negatively influenced the emission of these compounds,
while examining the seasonal trends of ammonia, DMS and
DMDS in nursery swine houses. However, most of these
studies were focused on nursery stage of swine, and the
emission of odorous gases in growing and fattening swine
houses is still poorly understood. Thus, there is a need to
systematically study the odorous gases emitted from
growing and fattening swine houses.

The objective of this study was to investigate the seasonal
(winter and summer) trends in emission of odorous gases
from growing and fattening swine houses besides examining
the relationship between odorous gases and aerial
parameters (temperature and relative humidity).

MATERIALS AND METHODS

Experimental design: This study was conducted in 6
different growing and fattening swine houses, located in
different provinces of South Korea in two seasons (winter
and summer). All swine houses were of similar capacity
(ranged from 300 to 400 head) and dimension. Average
swine age and body weight were 9—12 weeks old and 60 to
85 kg, respectively. The average stocking density was 1.02
m?head. Floors of the swine houses were fully slatted and
installed with pit manure collection systems. The manure
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storage period inside the pit was about three to four months.
Walls of the swine houses were made of brick with
Styrofoam on the outer sides for insulation.

Sampling strategies: In swine house, the aerial
parameters and odorous gases were measured at three points
in the aisle outside the pens at the height of one meter above
the floor (Fig. 1). All the collections were done in afternoon
after feeding, when swine’s were relaxed during both
seasons. Also, to eliminate the limitations imposed by
climate and to ensure the safety of equipment, all the
samples were collected only on sunny days. A total of 18
samples were collected for each parameter from six swine
houses in one season.

Measurement of aerial parameters and odorous gases:
Air temperature and relative humidity were measured with
digital thermohygrometer (SK-110TRH, SATO, Tokyo,
Japan). Before taking measurements the equipment was
calibrated.

For odorous gases, air was sampled for 5 m into a one
liter Tedlar bag (SKC Inc., Eighty-four, PA, USA) connected
with a polypropylene septum fitting to an air sampler
(Gilian, Clearwater, FL, USA) (flow rate = 1.0 L/min). The
Tedlar bags were transported to the laboratory immediately
after sampling. The air samples were analyzed using solid-
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phase micro extraction (SPME) fibres (Supelco, Bellefonte,
PA, USA); the fibre type used was 75 pm carboxen/
polydimethylsiloxane (CAR/PDMS). After extraction, the
SPME fibres were inserted into the injection port of the
gas chromatograph-mass spectrometer (GCMS) (Agilent
GC6890N/5975C MS, Youngin, Korea) to quantify the
odorous gases. Details of GCMS analysis protocol was
taken from Yao et al. (2011). The concentrations of odorous
gases were calculated in parts per billion (ppb). In this study,
10 different types of VOCs were measured, including acetic
acid, propionic acid, butyric acid, iso-butyric acid, valeric
acid, iso-valeric acid, p-cresol, methyl mercaptan, DMS,
and DMDS.

Statistical analyses: The statistical analyses were
performed in SPSS software (SPSS Inc., Chicago, IL).
Comparisons of each variable across both seasons were first
performed using a standard t-test at a 5% significance level.
Pearson correlation coefficients were calculated to show
the relationship between aerial parameters and
concentrations of odorous gases.

RESULTS AND DISCUSSION

Composition of odorous gases in swine houses: Among
the 10 different odorous gases measured in swine houses

A, Airinlet
B, Air flow
C, Light

D, Air inlet
E, Wall fan

F, Air outlet

G, Swine
H, Fodder watering system

|, Swine waste
J, Pen floor
K, Pen wall

L, Alley

M, Floor

N, Sampling point 1
O, Sample point 2
P, Sampling point 3

Fig. 1. Indoor arrangement of a swine house (a) and sampling points (b).
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across both seasons, the percentage of acetic acid was
highest (51%) followed by propionic acid (22%), butyric
acid (10%), methyl mercaptans (5%), DMS (5%), iso-
butyric acid (2%), valeric acid (2%), iso-valeric acid (2%),
DMDS (1%), and p-cresol (0.5%) (Fig. 2). Our results are
consistent with the findings of some previous studies (Yao
et al. 2011, Jo et al. 2015, Yuan et al. 2017), which also
showed the highest emission of acetic acid compared to
other VOC:s in livestock facilities. Most of the volatile fatty
acids are mainly generated as the result of incomplete
anaerobic degradation of animal feces stored in the pit under
slatted floor (Mackie et al. 1998, Osaka et al. 2018), and
one of the possible reasons for prevalence of acetic acid in
swine houses could be related to the stability of acetic acid
production pathway over varying physico-chemical
conditions (Huang et al. 2016).

Seasonal variations in emissions of odorous gases: Most
of the odorous gases measured in this study varied
significantly between winter and summer, except iso-valeric
acid, DMS and DMDS (Table 1). The concentrations of
these odorous gases were significantly higher in winter
(Table 1), except p-cresol which was more abundant in
summer (Table 1). Similar trends were observed previously
in a nursery swine house (Yao et al. 2011). The lower
concentrations of most of the odorous gases in summer
could be related with ventilation rate (Van Huffel et al.
2016). Due to higher ventilation rate during summer, more
and more odorous gases would be transferred out of the
swine house, which reduces the indoor air concentrations
of odorous gases in summer. Whereas, increase in
temperature could also enhance the solubility of odorous

DMDS (0.5%)
p-cresol 7

(0.4%)
i-VA (2.4%) \

i-BA (1.6%)

A

BA (10.0%)

PA (22.0%)

Fig. 2. Relative percentage of odorous gases in growing and
fattening swine houses. AA, acetic acid; PA, propionic acid; BA,
butyric acid; VA, valeric acid; i-BA, iso-butyric acid; i-VA, iso-
valeric acid; MM, methyl mercaptans; DMS, dimethyl sulfide;
and DMDS, dimethyl disulfide.
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Table 1. Concentration (in ppb) of odorous gases in swine
houses between winter and summer

Odorous Parameter? Season!
group N3 Winter Summer
(n=6)* (n=6)*

Acidic group AA 18 90.5 (x17.5) 38.1 (x10.4)
PA 18 439 (x11.2) 6.5(x1.2)

BA 18  18.8 (¥5.5) 11.9 (¥3.1)

VA 18 3.9 (x1.2) 1.3 (20.3)

i-BA 18 3.1 (x0.7) 0.9 (x0.4)

i-VA 18 34 (x0.8) 2.7 (x1.1)

Phenolic group p-cresol 18 0.2 (x0.1) 0.7 (z0.1)
Sulphur group MM 18 11.2 (£2.8) 2.0 (x0.3)
DMS 18 119 (x7.4) 0.2 (x0.0)

DMDS 18 0.8 (x0.4) 0.3 (x0.2)

Data are presented as arithmetic means+standard error. AA,
acetic acid; PA, propionic acid; BA, butyric acid; VA, valeric acid;
i-BA, iso-butyric acid; i-VA, iso-valeric acid; MM, methyl
mercaptans; DMS, dimethyl sulfide; and DMDS, dimethyl
disulfide. 3N = 6 swine houses x 3 replications. *Winter sampling
was conducted in January and February, and summer sampling
time was June and July. Bold values indicate significance of means
between the seasons (P<0.05).

gases (Charles 2017), which could further reduce the
concentrations of odorous gases in swine houses during
summer.

Relationship between aerial parameters and odorous
gases: The means of aerial parameters (temperature and
relative humidity) measured in swine houses during winter
and summer are shown in Table 2. Both aerial temperature
and relative humidity varied significantly between seasons
(Table 2) with both parameters recorded significantly higher
in summer compared to winter (Table 2). Similar results
were observed in previous studies that reported significantly
higher values of aerial temperature and relative humidity
during winter in swine houses (Yao et al. 2011, Kumari
Choi 2014, Kumari et al. 2016).

We found significant positive correlation between aerial
temperature and most of acidic group compounds, and DMS
in both seasons (Table 3). Whereas, relative humidity was
negatively correlated with acetic acid, propionic acid, and
DMS during both seasons (Table 3), but iso-butyric acid
and iso-valeric acid were negatively correlated with relative
humidity only during winter and summer, respectively

Table 2. Seasonal means (+SE) of the aerial parameters in
swine houses according to seasons

Parameter Season!

N2 Winter3 Summer?
Temperature (°C) 18 20.7 (+0.8)! 30.8 (+0.9)!
Relative humidity (%) 18  69.3. (x4.1)!  89.1 (22.9)!

Data are presented as arithmetic means+standard error. 2N=
6 swine houses x 3 replications. 3Significant differences between
seasons are indicated by bold values with P<0.05.
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Table 3. Pearson correlation coefficients for aerial temperature and relative humidity, and with odorous gases

Pearson correlation Acidic group!

Phenolic group' Sulfuric group!

AA PA BA VA i-BA i-VA p-cresol MM DMS DMDS
Temperature
Winter 0.846%*  0.740*%*  0.618**  (0.499* 0.718**%  -0.027 0.080 -0.006  0.807**  0.040
Summer 0.846%*  0.740%* 0.499* —0.030 0.618%*  0.718%* 0.080 -0.010  0.807**  0.040
Relative humidity
Winter -0.611*%*  -0.500* -0.424 -0.230 —0.522% 0.182 -0.110 -0.034 -0.675*%* -0.270
Summer -0.611%*  —0.500* -0.230 0.180 -0.420 -0.522*  -0.110 -0.030 -0.675** -0.270

*P<0.05; **P<0.01. AA, acetic acid; PA, propionic acid; BA, butyric acid; VA, valeric acid; i-BA, iso-butyric acid; i-VA, iso-
valeric acid; MM, methyl mercaptans; DMS, dimethyl sulfide; and DMDS, dimethyl disulfide.

(Table 3). Kim et al. (2005) reported similar findings,
positive correlations between concentrations of odorous
gases and temperature. However, contrary to our results,
Yao et al. (2011) found negative correlations between
concentrations of VOCs and temperature, and relative
humidity in a nursery swine house. The contradictory results
indicate that these relationships are complex and are likely
depend on relationship between many different factors such
as airborne particles, water-carrying capacity of air, and
affinity of water molecules to odorous compounds (Miller
et al. 2003).

Our findings demonstrated that among the three different
groups of odorous compounds examined in swine houses,
the acidic group compounds were more prevalent across
winter and summer seasons. The concentrations of most of
the odorous gases varied significantly between seasons and
their concentrations peaked during winter compared to
summer. Aerial temperature was positively correlated with
concentrations of most of the odorous gases, whereas
relatively humidity showed significant negative correlation
with concentrations of relatively a small number of odorous
gases. The data gathered in this study could be useful to
prepare strategies to regulate odorous gases emissions from
growing and fattening swine houses. Studying additional
odorous compounds, aerial parameters in different livestock
houses (eg. cattle, poultry etc.) to provide better understating
of odorous gases emission from livestock houses is an
important topic for further investigations.
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