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Abstract: To provide reliable data on the indoor environment in livestock buildings, continuous measurements were
conducted in two commercial naturally-ventilated pig weaner barns in eastern China. The barn floors were partially-slatted
and pig manure was removed daily. Indoor temperature and relative humidity (T and RH) , and concentrations of carbon
dioxide (CO,), ammonia (NH, ), hydrogen sulfide (H,S), and methane (CH,) were continuously measured with multi-
points monitoring for one year. Hourly means of barn T and RH were ranged from 0. 9°C to 42. 0°C and 31. 1% 10 97.7% ,
respectively. Hourly mean CO,, NH,, H,S, and CH, concentrations were ranged from 423 mg/m’ to 3 534 mg/m’,
0.11 mg/m’ t049.7 mg/m’, 0.9 wg/m’ to 41.7 pg/m’ , and 0. 1 mg/m’ to 17. 7 mg/m’ , respectively. The yearly average
barn T and RH were (25.6 +8.6)°C (yearly mean % standard deviation) and (71.4 +11.7)% , respectively. The
yearly average CO,, NH,, H,S, and CH, concentrations were (1982 +744) mg/m’, (10.9 +8.4) mg/m’, (8.2 +
5.2) wg/m’, and (2.9 +1.9) mg/m’, respectively. Diurnal and seasonal variations of T, RH, and gas concentrations
were clearly shown. The minimum and maximum hourly mean T and RH, and the maximum hourly mean CO, and NH,
concentrations exceeded the relevant China National Standards for commercial pig weaner barns. However, the maximum
H,S and CH, concentrations were at safe levels for animal health and barn safety. The long-term high-frequency monitoring
system has been approved as an appropriate technique for assessing air quality and environmental condition in animal

building, the results also indicated that piggery housing system design and ventilation system optimizing still need further

exploration in eastern China.
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0 Introduction

Temperature (T) and relative humidity (RH) in
livestock and poultry houses are the basic

environmental  elements  for  animal  growth.
Carbondioxide ( CO, ), ammonia ( NH, ), hydrogen
sulfide (H,S) and other polluting gases produced by
livestock and poultry may negatively affect animal

and health

respiratory diseases for farm operators. These pollutants

productivity conditions, and cause

may also result in serious pollution to the natural
ecosystems in the area surrounding the farms and
hazardous effect on the health of nearby residents. This
maylead to strained relationship between the farms and

[1-2]

the neighboring residents High concentrations of
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accumulated methane ( CH,) in the pig houses may

cause fire or explosions’’’. Methaneis also a
greenhouse gas, which has a potential impact on
climate change.

China is one of the biggest countries in the world on
livestock and poultry production. With the development
of large-scale animal farms and the increase of public
awareness of environmental protection, the pollutants
concentrations and emissions from animal farms become

[

a major concern'* ~®'. Currently, the Chinese pig farms

are mainly using open or semi-open animal houses with
natural ventilation

and manually waste cleaning

methods.  These are significant differences in

comparison with the pig farms in Europe and North

America, where many of the pig houses are designed
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with mechanical ventilation and under-floor deep-pit
manure storage. Therefore, studies on temperature ,
humidity and air quality in Chinese pig farms with
specific environmental situations are needed.
Investigations on air quality at livestock and poultry
farms in Europe and North America have made much
progress in  pollutants  analysis methods and
techniques'”! | gas release modeling'®’ | and continuous
monitoring equipment'’ ). SCHOLTENS et al.'”
used external tracer ratio method, internal tracer ratio
method and passive flow sampling method to determine
and evaluate NH; emissions. However, these methods
require specific conditions to reach certain accuracies.
In 2008, KEENER et al. '®' established a nitrogen
balance model for predicting NH; emission limits in
animal houses with natural ventilation or mechanical
ventilation systems. With the development of science
and technology, more and more technologies have been
applied in this field"* ™",

pollution in livestock and poultry industry in China has

In recent years, air

received increasing attentions. Relevant research has
15-16]

been carried out. Gas sensor technology" and

photoacoustic  infrared analyzer''”! are the major
techniques used in gases (e.g., CO, and NH,)
monitoring. Compared with gas analyzers, the sensor
technology has lower accuracy. However, it is used
more widely due to its lower costs. The concentrations
of CH, and H,S in livestock and poultry houses were
relatively low. Therefore, precision gas detection
equipment was necessary for measuring these two
gases. For instance, WANG et al. '™ analyzed the
greenhouse gases released from the cow feces by using
the gas chromatographic method, however, study on
in-situ monitoring in the pigsty in eastern China using
precision instruments has not yet been found in the
literature.

Because the temperature , humidity and air quality in
animal buildings vary within 24 h in a day and among
different seasons, long-term continuous measurement
has become the most reliable and effective research
methods. Besides, accurate measurement of air pollutant
concentrations in animal buildings is the premise of
studying air quality in animal agriculture. However, so
far there is still a lack of relevant research on long-term
and continuous monitoring and assessment of livestock

and poultry environmental parameters. Different pig

raising  stages require different  environmental
conditions. In this study, an environmentally sensitive
stage of pig raising, the weaned piglet, was selected
and a typical farm in eastern China was chosen for data
collection. A multi-point continuous monitoring system
was used to measure the temperature , relative humidity
and concentrations of CO,, NH,, H,S and CH, in a
weaned piglet house from December 2012 to November
2013. This study is expected to provide new scientific
understanding for improving the weaned pig house

environment.

1 Materials and methods

1.1 Weaned pig house

The measurements in this study were carried out at a
pig farm located in Pujiang County, Zhejiang Province.
The farm is a national demonstration base for pig
production as it has certain representations on the
breeding technology, feeding and management level
house structure, and manure treatment system. Two
weaned piglet buildings with identical structure were
selected to continuously measure the temperature,
humidity and concentrations of main air pollutants. The
two weaned piglet buildings are east-west oriented,
sharing one side wall. Each house measures 18 m
(long) x7.9 m (wide) x2.7 m (high). The house
floor is half-slatted and the solid partis equipped with
hot water heating pipes that are used for heating from
December to next March (Fig. 1). Air coolers are used
for reducing the temperature in July and August during
summer.

There were 16 pens in each building, each with a
capacity of approximately 10 weaned piglets during the
study. The piglets grew from 7 kg to 30 kg each in the
weaned piglet buildings for 35 d to 40 d before being
moved out of the house. There was a 7-dnon-
occupation time between piglet cycles for house
disinfection. The manure was removed manually twice
daily. The piglets were fed ad libitum.

1.2 Detection methods for indoor and outdoor
thermal environment and pollutant
concentrations

An outdoor air inlet point, which was close to the
center of the south side wall, and an indoor point,
which was at the center of the house, were selected in

each house for temperature, relative humidity and
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gases concentration monitoring. All the sampling points
Because NH,

concentration gradients exist in the pig houses,

were 1 m height as shown in Fig. 1.

choosing 1 m as sampling height was to approach the
pig breathing zone and at the same time protect the
The

sensors and instruments for on-line multi-point air

sampling probes from damaging by the pigs.

quality monitoring are shown in Fig. 2. They included

three T and RH sensors (HS-102S, +0.5°C, +3%,
Beijing Huakong, China), two T probes ( WZP-035,
+0.5 °C, Shanghai Zhisai, China),
(HS102 CO,, +3%FS, Beijing Huayang, China) ,
five NH; sensors ( HSTL NH, 1009, +3%FS, Beijing
Huakong, China), a H, S analyzer ( TEI 450i,
+1% , Thermo, USA) and a CH, analyzer ( TEI 551,
+1% , Thermo, USA).

two CO, sensors
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Fig.2 Sensors,analyzers, and sampling equipment for

on-site environmental monitoring

All the sensors and probes were installed in fixed

Schematic diagram of weaner house with measurement and sampling locations

CH, analyzer and H,S
The CH, analyzer and H,S analyzer were

locations except for the
analyzer.
connected to a multi-point gas sampler and used
software called AirDAC to automatically switch among
the five sampling points. Each point was sampled for
10 min before switching to the next one for CH, and
H,S concentration analysis.

The AirDAC acquired all the voltage output signals
from the sensors and analyzers every sec, converted the
signals into engineering units, calculated 60 1-Hz data
into 1-min average, and saved the average in a field
computer.

1.3 Data analysis method

During data processing and analysis, the invalid
monitoring data due to sensor failures and during house
cleaning and disinfection period were removed.
Microsoft Excel was used to calculate hourly averages,
which were employed for all subsequent calculations,
statistical analysis, and figure plotting. Daily variations
of gas concentrations were analyzed using continuous
5 days of observations in each season, including April
13" — 17" for spring, July 23" -2

October 13" - 1

7" for summer,
7" for autumn ( due to a CH, analyzer
problem, the CH, concentrations from September 1 to

6" were used instead) , January 23" —27" for winter.
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The monthly variations of environmental parameters and
gases concentrations were compared by using box-
whisker plot. The box-whisker plot presented the
average values, median values,50% quartiles, which
were showed as the upper and the lower side lines on

the box, and maximum and minimum values, which

were expressed with end lines on the whisker.
2 Results and discussion

2.1 Indoor temperature and relative humidity
Monthly variations of indoor temperature and relative
Fig. 3.

temperatures from 4392 valid measurements during the

humidity are shown in Hourly average
year are displayed in Fig.3a. Based on the hourly
average data, the vyearly average temperature was
(25.6 £8.6)C, the minimum and maximum value
were 0.9°C in February and 42.0C

respectively ; and the indoor lowest and highest monthly

5.7)C in

in August,

average temperatures were ( 13.3 =
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(a) Temperature

February and (34.7 £ 2.8)°C in July, respectively.
According to the Chinese National Standards ( GB/T
17824.3—2008 )’ | the comfortable environment
temperature range for weaned piglets is 20°C to 25°C ,
and the extreme temperature range is 16°C to 28°C. In
this study, 64%
temperatures exceeded 25°C and 28°C, respectively,

and 47% of the hourly average

while 25% and 17% of the hourly temperatures were
below 20°C and 16°C,

demonstrated that the floor heating system and air

respectively. The results

cooling system were still far from meeting the indoor
environment requirements for weaned piglets, because
the actual minimum temperature in winter was much
lower and the maximum temperature in summer was
significantly higher than the required environmental
temperatures for weaned piglets. Therefore, indoor
environment control strategies for weaned piglet houses

still need to be further studied and improved.
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Fig.3 Monthly variations of temperature and relative humidity in the weaner house No. 1

As shown in Fig. 3b, the yearly average RH was
(71.4 £ 11.7)%. The lowest hourly mean RH of
31.1% occurred in August and the lowest monthly
average RH of (65.5 £ 6.5) % was observed in July.
Correspondently, the highest hourly mean RH of
97.7% happened in December and the highest monthly
average RH of (84.1 + 4.6)% was measured in
February.  According to the Chinese National
Standards'"®’ | the comfortable environmental RH range
for weaned piglets is 60% to 70% , and the extremes
are 50% and 80% . The results of this study showed
that only 24% of the hourly mean RH in the year was
in the suggested comfortable range, while 73% of the
hourly mean RH was out of the extreme value range,
and 59% of the hourly mean RH was higher than
70% . Therefore, the RH in a typical weaned pig
house in eastern China was relatively higher than the

animals’ comfort requirement. This may lead to high

body temperature , which could affect the metabolism of
animals and reduce the feed conversion rate and daily
gain. Consequently, the control of RH in weaned
piglet

temperature.

houses was as important as control of
2.2 CO, concentrations in pig houses

As shown in Fig. 4a, the 24 h variations of CO, mass
concentrations in weaned piglets building were
presented with five consecutive days of measurements
in each of the four seasons. It can be observed that the
indoor CO, concentrations started to increase at 700
and reached a peak at about 14;00, then gradually
declined to the bottom at about 4:00 to 6:00 in the
next day. The main source of the indoor CO, is the
animal breath and the organic compounds degradation
in the manure. The animal activity during the daytime
was greater than that during the night, therefore, there

could be an increase of animal exhalant CO,. This
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Fig.4 CO, concentration variations in weaner house No. 1

could explain that the CO, concentrations tended to
increase during the daytime.

The seasonal variation of CO, concentrations in the
weaned piglet building was presented in the Fig.4b. The
highest hourly average CO, concentration occurred in
May. This might becaused by the increase of animal
activity as the temperature increased, and the increase
of O, consumption and exhaled CO,. Meanwhile, the
temperature rising could increase the aerobic
microorganism activity and accelerate the organic
compounds decomposition. However, in July and
August with the highest temperature, the indoor CO,
concentrations decreased due to the increasing in
ventilation rates for house cooling. In winter, although
the ventilation rates decreased, organic matter
degradation rates also decreased along with temperature
decreasing. Therefore, the CO, concentrations in
winter were lower than those in summer. High CO,
concentrations can cause disease symptoms such as
chronic hypoxia, listlessness, anorexia, and slower
growth rate. In the Chinese National Standards'"’,
CO, concentrations must be under 1 300 mg/m’. The
yearly average CO, concentration was (1 982 +744)
mg/m’ calculated from 3 931 hourly mean data, which
ranged from 423 mg/m’ to 3 534 mg/m’; and 78% of
The periods

which exceeded the suggested range.

sseess October

—anuary === April ===July

INH 3 concentration/(mg: m*)

i

[} =3
— =

00:00 F <"
200 F

00:00
-
00:00 +

12:0
1

Time
(a) Hourly average variations

exceeding the standard limit mainly occurred in spring,
summer, and in the daytime in fall. In order to avoid
potential risks and ensure the normal growth of weaned
piglets, it was suggested to increase the ventilation rate
during spring, summer and from 12:00 —15.:00 in fall
when the CO, concentrations are high.
2.3 NH, concentrations in pig houses

The hourly variations of NH, concentrations in the
weaned piglets building during the five consecutive
days in the four seasons are shown in Fig. 5a. The NH,
concentrations were relatively low from 8:00 to 12.:00.
Higher concentrations were observed from 17:00 to
21:00. The fact that the average NH, concentrations
maintained a relatively higher level during night was
because the ventilation rate was reduced during night to
ensure the proper temperature. If the temperature
varied too much, it might cause diarrhea for weaned
piglets as they were sensitive to temperature”''. On
the other hand, increasing in animal activity during the
daytime could enhance their metabolism, generate
more waste and result in a higher indoor NH,
concentrations. The highest detected NH, concentration
was 49. 7 mg/m’ , while the lowest was 0. 11 mg/m’,
and the mean value was 10. 9 mg/m’.

The seasonal variations of NH, concentrations in

weaned piglets building are shown in the Fig. 5Sh. The
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Fig.5 NH; concentration variations in weaner house No. 1
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NH, concentrations were relatively lower during
Summer ( June to September), and the lowest value
was (3.3 = 1.4) mg/m’ obtained in August. This is
contrary to the trend of CO, because these two gases
were originated from different sources. Ammonia is
mainly from urea decomposition catalyzed by urease.
While, the main source of CO,is from pig respiration
and only small proportion of CO, is from manure

ael High NH; concentrations occurred

degradation'
in April ( monthly average concentration was (23.0 %

9.0) mg/m’). This was

temperature increased from winter to spring ( the

because the outdoor
average T was 22.5°C in April ), causing an increase
in the urease activity and an accelerating of manure
decomposition, and resulting in an increasing of NH,
concentrations. In spring with a relative comfortable
temperature, nature ventilation was used at the farm.
With the increasing in temperature in summer, more
NH, was originated from the manure degradation.
However, when ventilation rate was increased to lower
the temperature, it also resulted in a decrease in NH,
concentration in summer compared with spring. In
poorly ventilated environment, the NH, generated from
manure will accumulate and increase its concentrations
in the pig house. Usually, NH, concentrations should
be kept below 8 mg/m’ to 20 mg/m’. When it reached
23 mg/m’ to 38 mg/m’, it may cause respiratory tract
infection (i.e., cough and dizziness ) of farm
operators. The results of this study showed that the
yearly average NH; concentration was (10.9 +8.4)
mg/m’ based on 4 201 hourly average data. The time of
NH, over 8 mg/m’ and 20 mg/m’ reached 27% and
6% , respectively, which did not fully meet the
requirements of NH, concentration. Therefore, based

on this finding, it was suggested that air pollution

treatment measures be considered in the houses.
30
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2.4 H,S concentrations in pig houses

The daily variations of average H,S concentrations in
weaned piglets building are shown in Fig. 6a. Different
from CO, and NH,, the H, S concentrations did not
show an obvious diurnal variation, but more
fluctuation. The 20 days of data shown in Fig. 6a as an
example demonstrated that there existed 31% to 81%
variations between the lowest and the highest hourly
average value during a day, and instantaneous
difference was even greater. NI et al. '**! proposed a
Bubble-release model to explain H,S variation because
H,S has a low solubility (0.34 g/(100 g) in water at
and 25°C) and is

supersaturated in the liquid. Therefore H,S can exist

standard atmosphere easily
as bubbles in the liquid manure. These bubbles can go
through collision and agglomeration to increase their
sizes and buoyant forces, and finally burst from the
liquid manure surface into the air when disturbance
occurred. The generation of such bubbles is irregular.
However, the Bubble-release model is only applicable
to long-term stored manure (over 10 days). In this
study, the manure was cleaned every day, so the
irregular H, S concentration change may be caused by
other unknown factors.

The seasonal variation of H,S concentrations in the
weaned piglet building are presented in Fig. 6b. The
highest monthly and hourly average values were
(18.2 £1.4)pug/m’ ( February ) and 41.7 pg/m’
(September ) , respectively. The lowest monthly and
hourly average values were (8.2 * 1.5) pg/m’
(October) and 0.9 pg/m’ ( December) , respectively.
The results of this study also showed that the H, S
concentrations were relatively higher in winter because
the cleaning frequency was decreased in winter and the
accumulated manure in the piglet building was more

than other seasons. Besides, the use of the heating
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Fig.6 H,S concentration variations in weaner house No. 1
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system could accelerate the release of H, S and the
decrease of ventilation rate could also cause the indoor
accumulation of H,S.

require that the H,S
NI et al. '®

reported that H, S concentrations in pig houses with

The national standards

concentrations be within 8 mg/m’.

mechanical ventilation and deep-pit manure storage
system without manure disturbance were normally lower
than 1.5 wg/m’. Stored manure stirring may cause the
surrounding H,S concentrations in the pit reaching the
lethal threshold"**’. From the air quality point of view,
the H,S concentrations in the weaned piglet houses ( the
(8.2+5.2) pg/m’)  were

significantly lower than the Chinese National Standards

yearly —average was
and the concentrations reported in pig houses with
deep-pit manure storage systems. However, the use of
high sulfur content water at the farm could significantly

27 .
271 and increase

increase the H,S release from manure
the indoor H,S concentrations. Therefore, even using

the similar house design and management, studies on
8
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the H,S concentrationsin weaned piglet houses in other
areas may be possible to observe higher concentrations
than those in this study.
2.5 CH, concentrations in pig houses

The daily variation curves of hour average of CH,
mass concentration in weaned pig building are shown in
Fig. 7a. The average mass concentrations in April,
July and September were all lower than 3.6 mg/m’.
But the diurnal variations were not obviously shown.
The highest average concentration in January was
detected at around 18:00. Subsequent decreasing in
concentrations might be caused by manure-cleaning
operation from 07;00 to 09:00 each day. The mass
concentration of CH, dropped after cleaning, and then
increased gradually till the night. Its main reason was
that accumulation of the new generated manure after
the cleaning could produce a partial anaerobic
condition, in which the methanogens could decompose
the fecal organic matters to generate CH,.

The seasonal variation of CH, mass concentrations in
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Fig.7 CH, concentration variations in weaner house No. 1

weaned piglets building are shown in Fig. 7b. The
highest CH, mass concentration was obtained in winter.
The monthly average concentrations were (4.8 +2.9)
mg/m’, (5.6+0.4) mg/m’and (4.5+1.1) mg/m’
in December, January and February, respectively.
Relatively lower concentrations were found inspring and
fall. They were (1.8 +0.6) mg/m’ and (1.7 +0.3)
mg/m’ in April and October, respectively. Different
from the NH; concentrations, which were the lowest in
summer, the CH, concentrations were higher in
summer than those in spring and fall. The main reason
was that the optimum temperature for methanogens
activity was between 30°C and 65°C. Therefore, more
CH, could be generated from the organic matter
decomposition at higher temperatures in summer.

At present, there is no national standard in China for

CH, mass concentration for large-scale pig farms.
There is also lack of international reports related to the
effect of CH, on health of animals. However, reported
fire accidents at pig farms were usually caused by a
large amount of bubbles with combustible gases
(contains 50% ~ 70% of CH, ) released from the
under-floor manure pit. The results of this study
showed that CH, concentrations in the weaned pig
houses (yearly average was (2.9 +1.9) mg/m’ ) was
only 1/100,000 of the CH, combustible concentration.
This was consistent with the results of other studies; for
example, DONG et al.'® reported that the yearly
average concentration of CH, from a pig farm in Beijing
was 6.6 mg/m’. There is no evidence showing that
these concentrations are potentially harmful to weaned

piglets.
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3 Conclusions

From the-year continuous monitoring of temperature ,
humidity and mass concentrations of CO,, NH,, H,S
and CH, in the weaned piglet houses, the following
conclusions were drawn:

(1) Although the heating pipes and the air coolers
were used to adjust the temperature in the weaned
piglet buildings, the lowest and highest hourly average
temperature in the year were still reach to 0.9 and
42.0°C, respectively, which exceeded the range of
suitable temperatures for piglets. The lowest and
highest hourly average RH in the year were 97. 7% and
31. 1% , respectively, which also exceeded the range
set by the Chinese National Standard. These extreme

thermal environment conditions were not favorable for

pig health.
(2) The CO, concentrations during daytime were
higher than during night. The highest mass

concentration of CO, (3 534 mg/m’) appeared in May
and exceeded the upper limit of the Chinese National
Standard.

necessary to adopt measures (i. e., increase the

During the practical operating, it is
ventilation rate) to reduce CO, concentrations during
high CO, release periods.

(3) The NH, concentrations in the afternoon and
evening were higher than in the morning. They were
higher in winter than in other seasons. The highest
hourly average mass concentration was 49.7 mg/m’,
which was three times of the threshold set in the
Chinese national standard.  Therefore, relevant
treatment measures will be needed.

(4) Because the manure was cleaned manually, the
mass concentrations of H,S and CH, were relatively low
and not harmful to the pig growth and the building

safety.
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Abstract: To provide reliable data on the indoor environment in livestock buildings, continuous
measurements were conducted in two commercial naturally-ventilated pig weaner barns in eastern China.
The barn floors were partially-slatted and pig manure was removed daily. Indoor temperature and relative
humidity (T and RH) , and concentrations of carbon dioxide (CO, ), ammonia (NH,) , hydrogen sulfide
(H,S), and methane ( CH,) were continuously measured with multi-point monitoring for one year.
Hourly means of barn T and RH ranged from 0.9°C to 42.0°C and 31. 1% to 97.7% , respectively.
Hourly mean CO,, NH,, H,S, and CH, concentrations ranged from 423 mg/m’ to 3 534 mg/m’,
0. 11 mg/m’ to 49. 7 mg/m’, 0.9 pg/m’ to 41.7 pg/m’, and 0. 1 mg/m’ to 17. 7 mg/m’, respectively.
The yearly average barn T and RH were (25.6 £8.6)°C (yearly mean #+ standard deviation) and
(71.4 £ 11.7) % , respectively. The yearly average CO,, NH,, H,S, and CH, concentrations were
(1982 +744) mg/m’, (10.9 +8.4) mg/m’, (8.2 £5.2) pg/m’, and (2.9 £1.9) mg/m’,
respectively. Diurnal and seasonal variations of T, RH, and gas concentrations were clearly shown. The

minimum and maximum hourly mean T and RH, and the maximum hourly mean CO, and NH,
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concentrations exceeded the relevant China National Standards for commercial pig weaner barns.

However, the maximum H, S and CH, concentrations were at safe levels for animal health and barn

safety. The long-term high-frequency monitoring system was approved as an appropriate technique for

assessing air quality and environmental condition in animal building. The results also indicated that

piggery housing system design and ventilation system optimizing still need further exploration in eastern

China.

Key words: pig weaner house; pig house environment; air quality; online continuous monitoring
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