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A factorial experiment is described wherein pigs were subjected to two levels of temperature and lighting, and two
feeding methods, For each of the eight treatments, measurements were made of heat, moisture, and carbon dioxide
production and dust concentrations. Results indicated the overall significance of temperature and feeding method on the
levels of the measured parameters. Lighting level showed no significant effects on the measured variables.

INTRODUCTION

The performance and well-being of any
animal is a function of the environment in

which it grows. This environment is com
plex and consists of a number of interact
ing and separate factors (e.g. temperature,
humidity, noise level, lighting, air qual
ity). One of the objects of livestock hous
ing is to optimise this environment, and
considerable work has been undertaken to

measure the effects of, and to dilineate
optimum ranges for, various environmen
tal parameters. Thus Close (1971), Mount
(1979), Bruce and Clark (1979), and
others have investigated the relationships
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between the thermal environment, feed
intake, and performance of pigs, while
Smith (1972), Cermak and Ross (1978),
and Honey and McQuitty (1979) have
measured an commented on the effects of

dust concentrations and air quality in live
stock housing.

These investigations have been con
cerned with one or two aspects of the
environment taken in isolation. Further

more, of necessity, they often have been
concerned with single animals or small
groups under laboratory conditions. Re
cently Clark et al. (1980) monitored four
swine feeder barns located in central
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Alberta. The heat and moisture production
data reported by these authors indicated
that management practices such as light
ing, feeding method, and temperature
level, appeared to influence pig activity
and, hence, their total heat output. As a
follow-up to this work, a controlled ex
periment was carried out to quantify the
effect of management practices on the en
vironmental air quality under essentially
commercial production conditions.

EXPERIMENTAL FACILITIES

The experiment was carried out in a
controlled-environment facility operated
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Figure1. Plan view of experimental facility with monitoring locations.
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by the Department of Agricultural Engi
neering, University of Alberta, at the
Ellerslie Research Station near Edmonton,
Alberta. This facility was divided into
four rooms having a similar air-supply
system and waste-removal drain (Fig. 1).
The dimensions of the rooms were the

same and approximated those of a finish
ing pen in a commercial pig enterprise,
i.e., 2 m by 5 m in plan.

Each room was equipped identically
with an electric heater, an air-circulation
fan, a 60-W light, a waterer, and a feed
auger. In each of two rooms, an auger dis
charged feed onto the floor, while in each
of the other two rooms it discharged feed
into a self-feeder. Approximately two-
thirds of the floor area of each room was

plywood covered with a non-slip paint
surface. The remaining floor surface sur
rounding the waste gutter and waterer was
concrete. The raised plywood floor was
installed to minimise the heat transfer

from the pigs to the existing concrete floor
and thence to adjacent pens. The lights in
each room were on timer circuits so that

it was possible to control the amount of
time that lights were on in any room.
When the main lights were off, low-inten
sity lighting was provided by a 5-W bulb.

A constant-speed centrifugal fan sup
plied air to the four pens. The inlet air was
refrigerated to the temperature required in
the coldest room. The other rooms were

heated to the required temperature with
thermostatically-operated, wall-mounted
electric strip-heaters. The air flows into
each room were balanced approximately
by partially blocking each inlet grille
while measuring the air flows from each
exhaust duct. The exhaust duct in each

room was fitted with flow straighteners,
and designed according to standard fan
engineering practice to measure ventila
tion air-flow rates (Jorgenson 1961).

INSTRUMENTATION AND EQUIP
MENT

The temperature of the refrigerated in
coming air was measured with a thermis
tor located in the main duct of the air-
conditioning system. Mean air tempera
ture in each room was sensed with a ther

mistor placed in the air exhaust duct. An
additional, suitably protected, thermistor
was placed 0.5 m above the floor in each
room to sense temperatures at animal
level.

Air velocity was measured continu
ously in each outlet duct by means of two
thermistor anemometers (Feddes and
McQuitty 1980). These were checked pe
riodically by means of hot-wire anemo
meter (Kurz Instruments, Redlands,
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Calif.). These air-flow rates were found
to be constant throughout the experiment.
As a consequence of the positive pressure
differential between the inside and outside

of each pen, some of the exchange air ex
hausted through openings other than the
exhaust duct. To measure the total venti

lation rate for each pen, three techniques
were used, namely, measuring the air ve
locities at the inlet, measuring the condi
tion of the incoming and exhaust air while
only the wall-mounted strip-heaters were
providing heat to the rooms, and by means
of sulphur hexafluoride (SF6) tracer gas.
With the latter technique, the tracer gas
was injected at a constant, known rate at
the air inlet of the room. Air then was

taken by sampling tube from the outlet
duct to a detector chromatograph (AI In
struments, Cambridge, U.K.) which de
termined the SF6 concentration in the air
(Leonard et al. in prep.). The air-flow rate
could then be calculated assuming com
plete mixing within the room. The mean
ventilation rates, as determined from these
techniques, for Rooms 1,2,3, and 4 were
84, 78, 96, and 66 L/sec, respectively.
The mean variation between these three

techniques was found to be within 10%.
Air was also drawn from this same sam

pling tube through ammonia (NH3) and
carbon dioxide (C02) analyzers (Beck-
man, Model 315A, Fullerton, Calif.), and
a dewpoint hygrometer (Model 880,
Cambridge Systems, Watertown, Mass.)
to measure the respective gas concentra
tions and air relative humidity. An addi
tional sampling tube carried air from an
iso-kinetic probe located in each room to
a particle counter (Climet Instrumenta
tion, Redlands, Calif.) which counted
concentrations of dust particles in a num
ber of size ranges. The probes were lo
cated about 1.5 m above floor level (Fig.

1).
To carry out an energy balance on each

room, values of heat transfer through the
building components were required. These
were obtained by means of heat flux plates
(DeShazer et al. 1982) attached to the
walls and ceilings of each room. Heat
flows through the floors were not ac
counted for since these were considered,
in the circumstances, to be negligible. The
energy input to each room was determined
by measuring the time that the heater was
operating, at its rated capacity, in any 4-
min period. The heat output of the pigs
was considered to be the difference be
tween the sum of the ventilation and con
ductive heat losses and the supplemental
heat added to the pig environment.

The moisture vapor produced by the
animals was considered to be the differ

ence between the amounts of moisture in

the exhaust and the incoming air. These
were determined from the respective dew-
points and dry-bulb temperatures.

Other instrumentation consisted of a

photocell in each room, to indicate when
the lights were on, and a microphone. The
object of the latter was to obtain an indi
cation of pig activity by integrating sound
levels over 4-min intervals. Preliminary
tests, however, indicated excessive noise
cross-sensitivity between rooms, and little
further effort was devoted to this aspect of
the study.

DATA RECORDING AND

PROCESSING

With the exception of dust sampling,
data recording was carried out under the
control of a custom-built, programmable,
data-logger/instrument-controller (Feddes
and McQuitty 1981). In addition to re
ceiving data from the various instruments,
this also sent control signals to servo-
valves on the air sampling unit.

Since air temperatures and heat fluxes
were not expected to vary rapidly, the data
logger was set up to read these every 20
min. All other sensors (Fig. 1) were mon
itored at 4-min intervals. The air-sampler
also was activated every 4 min but, by
using hard-wire patching, it was also ar
ranged that dust would be sampled from
each room in turn for a 4-min period every
20 min. Air for gas and dewpoint anal
yses, on the other hand, was sampled for
4 min only twice per hour from each room
and once per hour from outside.

EXPERIMENTAL DESIGN

The experiment was set up on a 23-fac-
torial design with light (Li), feeding
method (F), and temperature (T) as the
variables. The two levels of each variable
and the overall design of the experiment
are shown in Table I. Since only four
rooms were available, the experiment was
carried out in two blocks, with the treat
ment combinations in each block being
such that the three-factor interaction

TABLE I. EXPERIMENTAL DESIGN

Variables Levels

Temperature
Feeding method
Lighting

( + )
(T) high
(F) feeder
(Li) on

(-)
low

floor

reduced

Treatments

Li

F

T

+ - - + -

+ + - - +

+ + + + -

+ + -

+ - -

Block

Room

ABABA

112 2 3

BAB

3 4 4
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(LiFT) was confounded within blocks.
For each block, data were taken for three
successive weeks, thereby effectively giv
ing three repetitions per treatment.

The experimental rooms were moni
tored for a continuous, 24-h period in each
week, with the data obtained being re
duced to 24-h means. Thus, for a given
treatment, a single datum point was ob
tained for each parameter every week. To
allow for growth of the animals during the
experiment, the total heat, moisture, and
C02 data then were expressed per kilo
gram of metabolic weight using the em
pirical relationship that metabolic weight
(kg) equals the liveweight (kg) raised to
the power of 0.75 (Mount 1979).

Twelve 50-kg pigs were allotted to each
room. This was done randomly, subject
to the constraint of even distribution of

sexes among the four rooms. The two
blocks of the experiment were run se
quentially using the same animals. How
ever, at the completion of the first block
the animals were re-allocated to different

rooms. This was done randomly, subject
to the constraints of again having an even
distribution of sexes among the four
rooms, and of achieving an approximate
balance of mean weights for each room.

EXPERIMENTAL PROCEDURES

When pigs were allocated to rooms,
either originally or at the beginning of the
second block, one full week was allowed
for acclimatization before any data were
recorded. In addition, no data were taken
within a day of weighing. The pigs wer
weighed individually at the beginning of
each week. Mean weights for each room
were then calculated. As well as being
used to determine mean metabolic

weights, these were used to determine the
feed quantities for those treatments re
quiring limited feed.

The pigs were fed from the floor in two
of the pens and from feeders in the other
two pens (Table I). The feed intake of the
floor-fed pigs was restricted to 85% of that
consumed by the feeder-fed pigs of the
same weight under otherwise similar con
ditions to minimize feed wastage. The
floor-fed pigs were fed twice daily at 0800
h and 1600 h. The restricted feed con

sumption was estimated from linear inter
polation of graphs of weight versus feed
intake for the feeder-fed animals. Feed
was available to the pigs fed from feeders
at all times by keeping the feeders topped
up. The feed used was a standard pig ra
tion with a metabolizable energy content
of 13.0 MJ/kg.

Rooms with the high lighting level were
lit continuously for 13 h per day from

0800 h. Rooms at the low lighting level
were provided with a low-intensity light
except at feeding times when the 60-W
lights were turned on for 30 min.

Data were gathered for a 24-h period
each week beginning at 1400 h on
Wednesday. During the runs, access to the
pens was minimal; feeding was done by
the feed augers. Prior to each run, all sen
sors were checked, gas analyzers were
zeroed and calibrated against a standard,
and air-speed sensors were cleared of
dust. An air-flow measurement using SF6
tracer gas was carried out during each run
(Leonard et al. in prep.).

RESULTS AND DISCUSSION

The average data for total heat, mois
ture, and C02 production and those for
dust concentrations are shown in Table II.

Analyses of variance were carried out to
evaluate the effects of the variables on

each of the above parameters. The signif
icance of F-values obtained from these

analyses is shown in Table III.
Table III shows that temperature and

feeding method had a significant effect on
total heat, moisture, and C02 production
rates. Lighting level had no significant

effect on any of the parameters, although
the interaction of lighting with feed level
and temperature had a significant effect on
the concentration of smaller dust particles.

Development of regression equations
on the basis of only two values of the in
dependent variables cannot be justified.
However, the general trends observed
were as follows: (1) With increased tem
perature, heat and carbon dioxide produc
tion decreased as did dust concentrations.

Moisture production increased with tem
perature. (2) Dust concentrations were
higher in the floor-fed than in the feeder-
fed pens.

Although the high- and low-tempera
ture treatments were intended to be 28°C

and 20°C, the actual mean values achieved
were 24.8°C and 21.9°C. Even though the
mean dry-bulb temperature differences
were small, the difference in effective
temperatures sensed by the pigs in each
treatment may have been greater, since
effective temperature is a function of hu
midity, air speed, and dry-bulb tempera
ture (Mount 1979). As shown in Table II,
the mean total heat production rates were
644 and 758 kJ/day per kilogram of met
abolic weight (630 and 754 kJ/h-pig for

TABLE II. MEAN PRODUCTION RATES OF HEAT, MOISTURE, AND CARBON DIOXIDE,
DUST CONCENTRATIONS, FEED CONSUMPTION, AND RELATIVE HUMIDITY FOR

TEMPERATURE AND FEEDING METHOD TREATMENTS

Treatments

Total heat production
(kJ/(daykg metabolic wt))

C02 production
(L/(h-kg metabolic wt))
Moisture production

(g/(h-kg metabolic wt))
Dust (< 5 [xm)

(Particles/L)
Dust (> 5 |xm)

(Particles/L)
Feed consumption

(kg/(daypig))
Relative humidity

(%)

Temperature

High Low
24.8°C 21.9°C

644

1.40

7.27

1370

48

2.38

65

758

1.65

6.52

2210

71

2.71

73

Feeding method

Feeder Floor

737

1.59

7.42

1270

31

2.83

68

664

1.47

6.36

2310

88

2.26

70

TABLE III. SIGNIFICANCE OF F-VALUES

Dust

Heat H20 C02 <5|xm >5fxm

Ft

Li

F x Li

T

F x T

L x T

F x Li x T

tF = feeding method; Li = lighting; T = temperature.
tLevel of significance; * * *, 99%; * *, 95%; , less then 95%.
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mean liveweights of 67.3 and 68.7 kg, re
spectively) for the pigs in the higher- and
lower-temperature-controlled rooms, re
spectively. The higher value falls within
the range of the heat production rates for
solid-floored barns given by Clark et al.
(1980). The lower value was outside the
range since the temperatures recorded by
Clark et al. (1980) were lower than those
in this study. These rates also agree with
those presented by Fuller and Boyne
(1972).

As suggested by Mount (1979), the
total heat production of the pig should
remain constant between the lower and

upper critical temperatures, with the evap
orative heat loss increasing and the sen
sible heat decreasing at the same rates
within this temperature range. However,
the data obtained in this study indicated
that total heat production rates decreased
significantly in the temperature range pre
vailing in this study. The rate of evapo
rative heat loss also appeared to increase
less than that reported by Close (1971) and
Mount (1979).

The heat production rates of the pigs
were also affected by the feeding method,
since the pigs received less feed in the
floor-fed treatment. The mean production
rates were 737 and 664 kJ/day per kilo
gram of metabolic weight for the feeder-
fed and the floor-fed pigs, respectively.

The moisture removed per pig from
eachpen was affected significantly by the
feeding method and temperature (Table
II). The greatest amount of moisture was
removed from the pen with the higher
mean temperature and the feeder (Table
III). This was expected since the defeca
tion area in this pen was the largest, while
the pigs also wallowed frequently in this
area, thus keeping their body surface
moist. Pens with floor feeding or lower
temperatures had drier floors.

The pigs in the higher-temperature
treatment consumed less feed daily (2.38
kg) than those in the lower temperature
treatment (2.71 kg). This would account
for the decrease in heat and C02 produc
tion between the pigs in the lower- and
higher-temperature treatments (Table II).
This suggests that the pigs in the higher-
temperature treatment were either hyper
thermic or approaching this condition.
Keeping animals on high feed intakes at
hightemperatures makesit difficultfor the
extra heat produced to be dissipated
(Mount 1979). If an animal were unable
to dissipate the heat of production, it
would lower its feed intake. The floor-fed
pigs consumed less feed (2.26 kg/day)
than those on feeders (2.83 kg). This
would also account for the significantly
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lower C02 production rates.
Dust concentrations were affected sig

nificantly by temperature and feeding
method. Feed for the floor-fed pigs was
dropped from an auger onto the floor.
This, in itself, created considerable dust.
The significance of temperature on dust
concentrations appeared to be a reflection
of the level of activity of the animals
rather than of the relative humidity of the
environmental air. In the low-temperature
rooms, the pigs appeared to be more active
than in the higher-temperature rooms. As
shown in Table II, the relative humidities
were higher in the cooler rooms, and thus
relative humidities cannot be considered
responsible for lowering the dust concen
trations in the higher-temperature rooms.
Concentrations of smaller dust particles
were also shown to be affected by the
feeding-method-light-temperature inter
action. This could indicate that feeding
(i.e. dust-generating) activity was carried
on for longer periods in the continuously-
lit rooms than in the darkened rooms.

The average concentrations of NH3 re
corded during each trial run are shown in
Table IV. Since the NH3 analyzer mal
functioned during the first 2 wk, the NH3
data could not be analyzed statistically.
However, an average and range of con
centrations were calculated for each feed
ing-method-temperature treatment (Table
(IV). The highest average concentration
of NH3 occurred in the room with the
higher temperature and feeder feeding. In
this room, the defecation area was the
largest of all the rooms. The lowest av
erage concentration of 11 ppm occurred
in the room with the lower temperature
and floor feeding. The pigs being floor-
fed confined their defecation area gener
ally to the concrete portion of the floor,
especially those in the cooler room.

TABLE IV. WEEKLY 24-H AVERAGE
AMMONIA CONCENTRATIONS

Treatment

Range
(ppm)

Feeding
method Temperature

Average
(ppm)

Feeder

Floor

Feeder

Floor

High (24.8°C)
High
Low(21.9°C)
Low

15-26

4-20

6-20

8-15

20

14

15

11

CONCLUSIONS

Based on the results of this study, the
following conclusions may be drawn:

1. The total heat production rates of the
pigs in the higher- and lower-temperature
treatment were 644 and 758 kJ/day per
kilogram of metabolic weight, respec
tively.

2. The total heat production rates of the
floor- and the feeder-fed pigs were 737
and 664 kJ/day per kilogram of metabolic
weight, respectively.

3. Significant differences between total
heat, moisture, and carbon dioxide pro
duction rates existed for the two temper
ature treatments. The production rates of
the total heat and C02 were lowest in the
higher-temperature treatment while those
of moisture were lowest in the lower-

temperature treatment.
4. Significant differences between total

heat, moisture, and carbon dioxide pro
duction rates existed for the feeding
method treatment. The production rates of
these parameters were all highest in the
feeder treatment.

.5. Significant differences between dust
concentrations existed for the two tem

perature treatments. Dust concentrations
were highest in the lower-temperature
treatment, due to the higher level of pig
activity and the drier floors in the cooler
rooms.

6. Significant differences between dust
concentrations existed for the two feeding
method treatments. Dust concentrations

were highest in the floor-feeding treat
ment, due to the higher level of pig activ
ity, dust generation as the feed dropped to
the floor, and the drier pen floors.

7. Levels of NH3 were highest in the
treatment with the higher temperature and
a feeder. This appeared to be a function
of the size of the defecation area in this

pen.

8. The pigs in the higher-temperature
treatment (24.8°C) appeared to be near the
upper critical temperature or approaching
hyperthermia, resulting in lower feed con
sumption. This was supported by the
lower total heat and C02 production rates.
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