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Atmosphericand settled dust concentrations weredetermined in four separate pens, each containing 10pigs.The independent
factors included two levels for each of the variables: pen volume, relative humidity, feeding method and air-flow rate. Using a six-
stage Andersen air sampler, the average number of particlesover all treatments was found to be 144480 per 0.028m3(1.0ft3)of
which 102 580 were less than 5 /im in size. Settled dust levels averaged 4.89* I02mg/h-cm2. Different size ranges of atmospheric
dust were not similarly affected by the same treatments. Floor-feeding twice daily resulted in significantly lower dust
concentrations than self-feeding but in significantly higher amounts of settled dust. A lower humidity resulted in significantly
greater settled dust levels than a humidity only 6% higher. Pig activity, temperature and amount of feed fed all influenced dust
concentration.

INTRODUCTION

The quality of the air within total
confinement pig buildings can be lowered by
the presence of atmospheric contaminants
such as gases and dust. While the potentially
adverse effects of atmospheric gaseous
contaminants on pig health and
performance have been recognized, at least
to some degree, atmospheric dust is
considered primarily a nuisance. However,
Honey and McQuitty (1976) concluded
from an extensive review of the literature on

dust in the animal environment that it is a

significant contaminant because of its
association with microorganisms and
respiratory diseases. The importance of dust
particle size was noted (Andersen 1958),
with particles less than 5.2 V.m being
considered hazardous since these can

penetrate the lung.
Factors that determine the amount of

dust in confinement pig housing are not well
defined (Honey and McQuitty 1976).
Research data are scattered and often

inconclusive while dust-agent relationships
are largely unknown. A further problem
exists in that, according to Drinker and
Hatch (1954), there is no approximate
conversion factor that can be used for

comparing dust concentrations determined
by two different instruments.

The objectives of the study reported here
were to determine the effects, if any, of some
physical variables, and their interrelation
ships, on the atmospheric dust concentra
tions in a pig facility. The variables include
pen volume, air-flow rate, feeding system
and relative humidity.

EXPERIMENTAL PROCEDURES

Facilities

An environmental room located at the

Agricultural Engineering facilities at the
Ellerslie Research Station of the University

of Alberta was used for this study. The inside
dimensions of this room were 6.1 m (20 ft) in
width, 9.1 m (30 ft) in length, and 3.0 m (10
ft) in height. Four individual pig pens, each
totally enclosed,wereconstructed withinthe
room (Figure 1).

Experimental Design
The primary dependent factor studied in

this project was the atmospheric dust
concentration within each of the four
separate pens. Settled dust concentrations
also were determined. Independent factors
consisted of two pen volumes, two feeding
methods, two levels of relative humidity and
two levels of air-flow rate. These variables
were chosen for investigation on the basis of
the literature reviewed as they appeared to
be factors most likely to affect atmospheric
dust concentrations. The temperature was to
remain constant. The same pen pigs
remained in each pen for the duration of the
experiment.

The two pen volumes, V, and V2, were
22.10 and 11.05 m3 (780 and 390 ft3),
respectively. The two feeding methods, F,

3.06m

and F2, were floor-feeding twice daily and
self-feeding, respectively. The two relative
humidity levels, H, and H2, were,
respectively, the relative humidity occurring
naturally within the pens and the relative
humidity (artificially) resulting from the
introduction of water vapor into the pens via
the incoming ventilation air. The two levels
of air-flow rate, Q, and Q2, were 595 and 297
m3/h (350 and 175 ft3/min), respectively.

The four independent factors, each
having two levels, yielded a total of 16
possible combinations. Since there were two
pens of each of the two volumes, the 16
combinations were duplicated. This resulted
in 32 treatment combinations. These were

arranged in a split-plot factorial experi
mental design so that the dust concentration
data could be analyzed using analysis of
variance procedures. The smallest sub-plot
was the pen. There were four independent
pens available. The combinations of feeding
systems and air-flow rates occurred within
the pens. The relative humidity level was the
same for all pens at the same time.

Eight treatment periods, T, were required
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'Present address (L.F.H.): Extension Agricul
tural Engineering Division, Nova Scotia
Department of Agriculture and Marketing,
Truro, N.S. B2N 5E3. Figure 1. Layout of the four pig pens within the environmental room.
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in order to test all the treatment

combinations. Two randomized four-by-
four Latin squares composed of all
combinations of feeding systems and air
flow rates were constructed. These Latin

squares were inserted in the experimental
design across the four pens and the four
treatment periods, all at the same relative
humidity level. The object in the use of the
Latin squares was to minimize the effects, if
any, between treatment periods. The two
relative humidity levels were randomized in
four blocks of two across the eight treatment
periods in order that the effects, if any,
between treatment periods be minimized.
The treatment periods varied in length from
11 to 3 days, depending on the amount of
time taken to establish and stabilize the

required treatment conditions. The
experimental design is shown in Table I
along with the treatment nomenclature.

Pig Management
Forty pigs of the white breeds, averaging

22.8 kg (50.4 lb) liveweight, were obtained
for the experiment in late spring through the
Alberta Livestock Commission from the
Edmonton Public Stockyards. Randomly-
chosen pigs from each of three groups, gilts,
barrows, and barrows castrated on arrival,
were allotted to each of the four
experimental pens in as equal numbers as
possible. Each pen contained 10 pigs.

The pigs were fed from self-feedersfor an
acclimatization period of 2 wk. Commercial
feeds were used throughout the experiment.
A 16% protein grower ration was fed up to
45 kg (100 lb) liveweight and a 15% protein
grower-finisher ration fed thereafter. Pigs
were fed twice daily when floor-fed. The
manure was removed manually from the
pens three times weekly. The pigs were
removed from each pen between treatments
while the ceiling, floor and walls of the pen
were hosed down with water. Individual
weights and group feed data were collected.

Instrumentation and Data Collection
This project required the measurement of

temperature, air-flow rate, relative
humidity, atmospheric dust concentration
and settled dust concentration. Temperature
and relative humidity were determined using
thermocouples connected to a strip-chart,
multi-point, thermocouple recorder. A
rotating vane anemometer was used to
measure the velocity of the air exhausted
from the pens and, from this, the air-flow
rate was calculated.

An Andersen (1958) air sampler, with a
sampling rate of 0.028 m3(1.0ft3) /minute,
was used to obtain grab samples of
atmospheric dust concentrations. This
sampler is a six-stage cascade impactor type
that separates particles into size classes. The
particulate cloud to be sampled is drawn
through the first set of equal orifices at a
fixed flow-rate onto a glass slide, mounted
normal to the flow of the air-jets. Particles
with sufficient inertia strike the plate and
generally adhere. The air, whichcontains the
remainder of the particles, is subjected to a
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TABLE I. EXPERIMENTAL DESIGN AND TREATMENT NOMENCLATURE

Relative

humidity

Pen volume

Treatment
v, v2

period Pen 1 Pen 2 Pen 3 Pen 4

T, H, F2Q2 F2Q, F,Q2 F,Q,

T2 H2 F2Q, F,Q2 F,Q, F2Q2

T, H, F,Q2 F,Q, F2Q2 F2Q,

T4 H2 F,Q2 F,Q, F2Q2 F2Q,

T3 H2 F,Q, F2Q2 F2Q, F,Q2

T6 H, F,Q, F,Q2 F2Q, F,Q2

T7 H, F2Q, F,Q2 F,Q, F2Q2

T» H2 F2Q2 F2Q, F,Q2 F,Q,

Treatment nomenclature:

V, = pen volume, 22.10 m!.

H, a relative humidity, natural (low).

F, a floor-fed.

Q, = air-flow rate, 595 m3/h.

H2

F2

Q2

pen volume, 11.05 m3.

relative humidity artificial (high).

self-fed.

air-flow rate, 297 m3/h.

90° change in direction. It then passes
through another set of equal orifices of
smaller size. The resulting higher velocity
through these smaller orifices causes
impaction of particles smaller than those
that adhered to the first plate. This process is
repeated and staged such that six size classes
of particles are obtained in the 1- to 20-Mm
size range.

The sampler was calibrated in terms of
smooth, spherical particles of unit density.
This was done so that any and all particles
collected in the sampler, regardless of their
physical characteristics, could be assigned
an effective size, or aerodynamic dimension,
according to the stage on which they were
collected (Andersen 1958). The assigned
value would be equal to that of the spherical
particles collected on the same stage. The
resulting size range for each of the six stages
(Figure 2) contained about 80% by count of
all the impacted particles. All particle sizes
of similar aerodynamic properties,
regardless of differences in shape, size or
density, impact of the same stage.

A camera was mounted on a microscope
to facilitate sampling analysis and to reduce
the tedium of counting the impacted dust
particles. Careful focusing was important to
ensure clear pictures. Color slide film was
used. The slides were projected, using a
standard slide projector, on a screen
containing a grid. The grid consisted of a
rectangular pattern of straight lines drawn
on large sheets of paper. The use of the grid
aided the particle-counting procedure. The
particles were counted using a manual
counter.

The Andersen sampler impacted
particles at 400 sites on eachof itssixglass-
plate stages. A photograph was taken of
each of three randomly-chosen deposition
sites on each stage. The photographed area

Stage

I

II

III

IV

V

VI

Lung
Penetration I

No

Lung Penetration

(11-16jim)

H-
(3-5 |iml

8-3.8 (jm)

(1-3 fim)

(0.7-2.2 Mm)
I

9 jim)

5 10 15

(Diameter (micrometres)

20

Figure 2. Particle-size ranges as separated by the
Andersen air sampler.

was slightly larger than the area of each
deposition site as viewed by the microscope.
Stage I was viewed under ><40 magnification
while the other five stages were viewed under
xl00 magnification. Figure 3 presents
photomicrographs for a typical sample of
atmospheric dust from the experimental
pens as impacted on each of the six stages of
the sampler.

The sampling time ranged from 3 to 6
min for a particular treatment so that a
countable number of particles would be
captured on each of the six sampler stages.
Atmospheric dust samples were taken for
each treatment for each pen at a location
near the ventilation exhaust port (Figure 1).
This location was chosen so that any effects
due to anisokinetic sampling would be
reduced (Annis 1972).

Each treatment was sampled at three
different times. Eighteen photomicrographs
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Figure 3. Typical photomicrographs of atmospheric dust separated into particle-size ranges.
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TABLE II. TREATMENT MEANSFOR PARTICLE-SIZE RANGES - NUMBER OF PARTICLESPER 0.028 m3 OF AIR COLLECTEDBY THE
ANDERSEN SAMPLER, AND WEIGHT OF SETTLED DUST

Stage I Stage II Stage III Stage IV Stage V Stage VI Lung penetration
Treatment (ll-16jUm) (7 - 9 fJm) (3 - 5 jUm) (1.8- 3.8/im) (1-3/Jm) (0.7-2.2/xm) (<5/im)

Settled dust

(mg/h - cm1) x 10*

H, 31 130 20 240 27 620 34 280 36 370 21 640 119 920 5.60

H2 19 160 13 290 19 820 25 080 25 650 14 680 85 230 4.18

v, 23 400 14 800 20 460 25 460 25 450 15 050 86 420 5.16

v2 26 890 18 740 26 990 33 900 36 580 21 270 118 730 4.62

F, 26 270 16 500 21 300 25 450 25 900 15 640 88 390 6.62

F2 24 020 17 030 26 070 33 910 36 100 20 680 116 760 3.18

Q, 24 150 14 500 21 410 27 020 28 260 17 140 93 820 5.03

Q2 26 140 19 030 26 040 32 340 33 770 19 180 111 330 4.74

Average 25 140 16 760 23 720 29 680 31 010 18 160 102 580 4.89

(three of each of the six sampler stages) were
taken of each sample. The average number
of particles per 0.028 m3 (1.0 ft3) of air
sampled was calculated from the nine (three
samples * three deposition sites per sample)
slide particle counts representative of each
size range for each treatment. "Lung
particles" were considered to be all particles
less than about 5 /im in diameter, that is,
all particles impacted on stages III, IV, V
and VI of the sampler.

The settled dust determination for each

treatment for each pen was made on the
basis of the weight of dust which settled on a
82.55-mm (3.25-inch) diameter plate located
on a platform near the ventilation exhaust
port (Figure I). The minimum settled dust
sampling period was 24 h. The settled dust
was oven-dried and then weighed.

Data Analysis
The data collected were averaged for

each pen for each treatment. They then were
analyzed as a split-plot factorial which
incorporated within it two Latin squares.
This was undertaken for each of the particle-
size ranges plus lung particles as separated
by the cascade impactor.

Combinations of various statistical and

computer methods were used, including
analysis of variance, Duncan's multiple
range test and analysis of covariance with
both one and two covariances (Dixon 1968;
Smillie 1970; Thibeault 1970; Gibson 1971;
Dlam 1974; Armitage 1974). Pen
temperature during sampling and pig weight
were the covariates. Treatment means are

presented in Table II.

RESULTS AND DISCUSSION

Experimental Procedure
The purpose of this experiment was to

determine if pen volume, relative humidity,
feeding method and air-flow rate were
associated with atmospheric dust
concentrations in a fairly typical pig
environment. The effects of dust on pig
performance or health were not a part of this
study.

Dust was sampled from four independent
pens each containing 10 pigs. The pigs
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adapted well to the pens and appeared to be
under no stress resulting from either the
experimental treatments or the management
system.

Included in this study were the supple
mentary factors of pig weight, pen
temperature during sampling, and settled
dust concentrations. An advantage may
have been gained by maintaining a constant
pen temperature during the experiment but
available facilities lacked cooling capacity.

Atmospheric dust concentrations were
determined by counting photomicrographs
(slides) of particles collected in six size
ranges with a cascade impactor. The
photomicrographic method proved
successful but tedious. From a close

observation of the dust samples and slides,
atmospheric dust particles were considered
to originate primarily from feed. About 1%
of the particles of size range I were pieces of
hair, while about 10% of the particles
appeared to have originated from skin.
About 5% of the particles of size range II
appeared to have originated from skin.
Shape and color were the basis for these
observations. Dark fibrous particles were
assumed to be hair, while thin, flat,
translucent or white particles were assumed
to be skin. The remaining cubical or
spherical particles were assumed to have
originated from feed. The use of the cascade
impactor to collect gravimetric samples of
dust proved unsuccessful.

The assumption was made that the
treatments by themselves (no pigs present)
could create no differences in dust

concentrations. Only the pigs caused dust;
the treatments simply modified the amount
of dust.

Analysis of Variance Results
There were no significant differences (P

<0.05) among treatments for particle-size
ranges I and VI. These size ranges
represented the extremes of atmospheric
particle size. Therefore, they contained
particles either so large or so small as to be
unaffected by the treatments investigated.

The low air-flow rate was associated with

a significantly greater number of

atmospheric dust particles in size ranges II
(P < 0.01) and III (P< 0.05) than was the
high air-flow rate (Table II). The
aerodynamic characteristics of these size
ranges of particles in all probability could be
such that they contain the only particles
affected to any great extent by the air
velocities and turbulence prevailing within
the pens.

For size ranges III, IV, V and lung
penetration, self-feeding resulting in
significantly greater atmospheric dust
concentration (P < 0.05) than did floor-
feeding. In fact, floor-feeding yielded about
two-thirds as many dust particles as did self-
feeding (Table I). The pig whether floor-fed
or self-fed consumed approximately the
same amount of feed. However, the self-fed
pigs appeared to spend much longer eating
than did the floor-fed pigs. The longer eating
time of the self-fed pigs plus the fact that the
self-fed pigs played with the excess feed
probably contributed to the significantly
different effects attributed to the feeding
methods. Bundy and Hazen (1975) also
concluded that animal activity and atmos
pheric dust levels were higher when pigs
were self-fed than when they were fed twice
daily. However, a significantly greater
amount of settled dust (P < 0.01) was
associated with floor feeding. This could be
due to the intense activity of the pigs during
floor feeding when a great deal of visible dust
was observed for a short period of time. The
self-fed pigs even while eating were not
nearly as active as those being floor-fed.

The interaction between humidity and
air-flow rate was significant (P < 0.01) in
the particle-size range II. At the lower
humidity, higher dust concentrations
occurred at the low air-flow rate than at the

high air-flow rate. Air-flow rates had no
effect on dust concentrations at the higher
humidity (Figure 4). The effects ow ©vetaW
mean dust concentrations of humidities and

feeding methods in size range III are
illustrated in Figure 5. The significant inter
action between these two variables (P <
0.05) indicated that at the lower humidity,
higher dust concentrations occurred when
the animals were self-fed. At the higher
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Figure 4. Effects of humidities and air-flow rates
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Figure 5. Effects of feeding methods and
humidities on atmospheric dust con
centrations for particle-size range III.
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Figure 6. Effects of pen volumes and humidities
on settled dust concentrations:

humidity, the feeding methods had no effect
on dust concentration.

The preceding interactions possibly may
be explained by the absorption and
subsequent adsorption of water vapor by
dust particles in the more humid
environment. These heavier particles would
tend to settle quickly and not be free to
circulate as atmospheric dust. This also
could be the reason that the lower relative
humidity resulted in a significantly greater
amount of settled dust (P < 0.05) than was
the case with the higher relative humidity.
The heavier particles might be expected to
have settled out before reaching the
sampling location near the pen exhaust port.

The interaction between pen volumes
and humidities was significant (P < 0.01)
for settled dust. At the lower humidity level,
higher settled dust concentrations occurred
in the 22.10-m3 pens than the 11.05-m3 pens
(Figure 6). When the humidity was at the
higher level, the dust concentrations for the
two pen volumes were approximately the
same. Relative humidity had a negligible
effect on settled dust concentration in the
11.05-m3pens, whereas in the 22.10-m3 pens,
relative humidity had a marked effect on
atmospheric dust concentration. The
volume effect could be connected in part
with pen surface area or the distance a
particle might have to travel before
contacting an obstruction upon which it
could settle. Also, the larger pen volume
allows longer contact time between the
water vapor and the dust particles;
therefore, more dust would settle before
reaching the sampling plate.

The effect of humidity was only
significant for settled dust concentrations (P
< 0.05). Humidity was found to have no
significant effect on atmospheric dust
concentrations. This was not anticipated
based on some of the literature reviewed
(Honey and McQuitty 1976). This probably
can be explained by the small difference of
some six percentage points between the two
mean relative humidity levels (39.3 and
45.5%). Unfortunately, persistant
mechanical problems with the available
humidifying equipment during the
experiment prevented a larger difference
being maintained.

Analysis of Covariance Results
An analysis of covariance was conducted

to establish if the covariates, pen
temperature during sampling and pig
weight, influenced the levels of significance
previously determined in the analysis of
variance. The average pen temperatures
during atmospheric dust sampling ranged
from 19.2°C (66.6°F) to 29.6°C (85.4° F).
The mean and standard deviation were
24.9°C (76.8°F) and 2.9°C (5.3°F),
respectively. The average pig weights during
the treatments ranged from 29.7 kg (65.5 lb)
to 58.4 kg (128.8 lb). The mean and standard
deviation were 45.0 kg (99.4 lb) and 9.1 kg
(20.0 lb), respectively.

Results indicated that the use of the
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covariates separately generally increased the
significance of sources of variation while,
used together, the covariates generally
reduced the significance compared to the
results of the analysis of variance.
Temperature effects produced a greater
increase in significance than either weight or
the combination of temperature and weight.

One interesting result of the analysis of
covariance was that all the significant
differences of feeding methods were
removed entirely by either of the covariates.
The removal of significance associated with
feeding methods by the covariate weight
could be explained in part by the direct
relationship between the amount of feed fed
and pig weight. The removal of significance
associated with feeding methods by
temperature probably could be due to a
response of the activity of the pigs to
temperature. Pigs generally become less
active with increasing temperature and a
diminished activity is assumed to yield less
dust (Anderson et al. 1966). The amount of
feed fed per animal seemed to be associated
with a greater effect on dust concentration
than does the actual method of feeding; that
is, the more feed, the more dust. This
analysis emphasized the importance of both
temperature and pig weight as factors
influencing atmospheric dust concentra
tions.

CONCLUSIONS

Subject to the conditions of this experi
ment the following conclusions were
reached:

1. The different size ranges of atmospheric
dust were not similarly affected by the
same treatments.

2. A relative humidity difference of six
percentage points did not affect
atmospheric dust concentrations, but
was associated with a statistically
significant effect on settled dust
concentrations. The lower relative
humidity resulted in a greater amount of
settled dust.

3. Self-feeding was associated with a
significantly greater amount of atmos
pheric dust than was floor-feeding.
However, the latter was associated with a
significantly greater amount of settled
dust than was self-feeding.

4. Air-flow rates, when expressed as air-
changes per hour, resulted in no
significant differences in dust concentra
tions. A low air-flow rate was associated
with a significantly greater amount of
atmospheric dust particles in the particle-
size ranges, 7-9 /zm and 3-5 jum> than was
a high air-flow rate.

5. Both atmospheric and settled dust were
composed primarily of feed particles.

6. The more important factors associated
with dust concentrations, in descending
order, were considered from observation
to be: activity of the pigs, temperature,
relative humidity, amount of feed fed,
feeding method, pig weight, and air-flow
rate.
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