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Perkins, S.L. and Feddes, J.J.R. 1996. The effect of timing of
floor-application of mineral oil on dust concentrations in a swine
farrowing unit. Can. Agric. Eng. 38: 123-127. Three farrowing
rooms, each housing 5 sows and litters, were used to study the effects
of floor-applied mineral oil on dust concentrations (>0.5 ~m diame
ter). Rooms were ventilated at a similar rate (266 Lis). Three
treatments were considered over a 3-week duration: oil was applied
on day 8, 15, and 22; oil was applied only on day 8: and no oil was
applied. Oil applied to pen floors at a rate of 24 mL/m2 using a
low-pressure hand sprayer was found to be effective. Dust concentra
tions (particles/mL), wet and dry-bulb temperatures, ventilation rate,
and total piglet mass per room were recorded on day 9, 16, and 23 in
each treatment. At day 23, dust concentrations 24 h before measure
ment were 0.8 particles/mL, oil applied only on day 8 were 5.5
particles/mL, and the concentration when no oil was applied was 5.6
particles/mL. The greatest increase in dust concentration occurred
between weeks 2 and 3 when growth rate of the piglets was most
rapid. Applying oil 24 h before measurement resulted in an average
dust reduction of 73%. At week 3, the respirable particle production
rates were 5,25, and 30 particles/s per pig for oil applied 24 hand 15
d before measurement and no oil application, respectively.

Trois salles de matemite, chacune abritant 5 truies etleurs portees,
ont servi it etudier les impacts sur la concentration de poussieres (>
0.5~m de diametre) de l'application d'huile minerale sur les planch
ers. On a examine trois traitements durant une periode de 3 semaines:
l'huile fut appliquee les jours 8,15 et 22; I'huile ne fut appliquee que
Ie jour 8; aucune huile ne fut appliquee. L'huile fut etendue sur les
planchers des enclos it un taux de 24 mllm2 aI'aide d'un pulverisateur
manuel it basse pression. Les concentrations de poussieres (par
ticules/ml), les temperatures du bulbe sec et du bulbe humide, Ie taux
de ventilation etla masse des porcelets par salle furent enregistres les
jours 9, 16 et 23 pour chacun des traitements. Au jour 23, les
concentrations en poussiere etaient de 0.8 particules/ ml pour Ie
traitement ou l'huile avail ete appliquee 24 h auparavant; de 5.5
particules/ml lorsque l'huile avait ete appliquee au jour 8 et de 5.6
particules/ml quand aucune huile n'avait ete appliquee. La plus
grande augmentation des concentrations de poussieres a etc observce
entre la deuxieme et la troisieme semaine lorsque Ie taux de crois
sance des porcelets etait Ie plus cleve. La concentration en poussieres
a etc reduite de 73% lorsque I'application d'huile a etc faite 24 h
avant la mesure. A la troisieme semaine, les taux de poussieres
respirables par porc etaient de 5 particules/ml pour Ie traitement OU
I'huile avait ete appliquee 24 h avant la mesure, de 25 particules/ml
pour Ie trailement OU I'huile avail ete appliquee 15 jours avant et de
30 particules/ml pour Ie traitement sans huile.

INTRODUCTION

Evidence suggests that a relationship exists between aerosol
concentration and respiratory damage in swine and humans
(DeBoer and Morrison 1988). Therefore, it is necessary to
develop effective methods to control particulate emissions in
hog barns.

The composition and levels ofdust may differ among various
stages of swine production. Total dust concentrations were
higher in finishing units than in farrowing or grower-nursery
barns (Jacobson et al. 1992; Donham et a1. 1986). However,
Donham et al. (1986) found respirable concentrations were
highest in farrowing barns and were mainly fecal in nature.
Fecal particles tend to be smaller than feed particles and will
penetrate deeper into the lung. It may therefore be of more
importance to control dust in the farrowing environment or to
have different exposure limits for different production stages.

Oil as a feed and grain additive

Recently, several researchers have examined the use of oils
and fats as additives to swine diets to control the release of
feed particulates (Chiba et a1. 1985, 1987; Gast and Bundy
1986; Gore et a1. 1986; Welford et a1. 1990; Xiwei et al.
1993) or grain (Wardlaw et al. 1989). By adding tallow to pig
rations, Chiba et a1. (1985, 1987) were able to reduce aerial
dust by 21-53%. The greatest reduction occurred with addi
tion of 7.5% tallow, the least by adding 2.5%. By coating
pellets with either fat or a fat and lignin mixture, Xiwei et al.
(1993) reduced respirable dust sedimentation rate (RDSR in
particles e kg- 1emin- 1) by 82-87%. RDSR was defined as the
number of particles between 0.5-5 flm in size released per
kilogram of feed per minute. Coating pellets with a fat and
lignin mixture was better than the fat coating alone in reduc
ing RDSR.

Gore et al. (1986) reduced settled dust concentrations by
45% with the addition of 5% soybean oil to starter diets. In a
study to compare soybean oil, mineral oil and lecithin feed
additives, Gast and Bundy (1986) found that all were able to
reduce feed dustiness; however, 5% soybean oil was least
effective and a mixture of both oil and lecithin was more
effective than either oil or lecithin alone.

Research involving the addition of mineral oil to corn and
milo was able to increase the amount of dust retained on grain
kernels by 49-98% (Wardlaw et al. 1989).
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Roome
(6 pens)

weekly July 27
single Sept 7

RoomB
(5 pens)

control July 20
weekly Aug 31

1 single July 20
2 control Aug 17

Control
24-h application

Replicate Room A
(5 pens)

Table I: Treatments

Oil application
Mineral oil (Vetoquinol Canada Inc., Jolliet, QC) was ap
plied to floors between 0900-1000 h, using a low-pressure
hand operated plant mister. The initial allotment was 250 .
mL/pen in rooms with 5 pens/room and 207 mL/pen in the
room with 6 pens/room. A coarse mist of oil was applied
under low pressure to prevent dispersing oil droplets of
respirable size. Oil was applied to both the slatted and con
crete surfaces in both the sow and piglet areas. Sows were
standing during oil application and oil was applied under
neath them. To avoid applying oil on the piglets, they were
moved to one creep area and oil was applied to the opposite
side. The procedure was repeated for the other creep area. To
maintain a similar amount of oil applied per room, oil was
applied in both occupied and unoccupied crates.

During the first replicate, it was noticed that piglets con
sumed small amounts of oil from the floor. Mineral oil acts
as a laxative and piglets on the weekly treatment developed
scours as a result of oil application. The application rate was
reduced from 60 to 24 mL/m2 (100 mL/pen, 5 pens/room, 81
mL/pen, 6 pens/room). In addition, applying oil to the floors
in the sow area rendered the surface noticeably slippery for
the sow. To provide stable footing, oil was applied over the
sow, rather than on the floor. These modifications eliminated
any problems associated with the oil.

Temperature monitoring
Maximum (Tmax), minimum (Tmin), wet-bulb (Twb), and
dry-bulb (Tdb) temperatures' were measured in each farrow
ing room. Maximum and minimum temperatures were
measured with a maximum-minimum thermometer (Taylor
Instruments, Toronto, ON) hung 1.6 m from the floor on the
wall facing the sow feeders. Thermometers were reset imme
diately after the temperatures were recorded. Wet and
dry-bulb temperatures were measured with a sling psy-

no oil applied
oil was applied 24 h before
measurements

Single application oil was applied when piglets were 8
days of age

Treatments were randomly assigned to the rooms (Table
I). A minimum of 4 and maximum of 5 sows were required
for each treatment while a total of 28 sows and 281 piglets
were used in the experiment. A group of sows was moved
into the farrowing room approximately one week before
farrowing. Only one room was filled per week and was
occupied for approximately 5 weeks. Therefore, treatments
could not be completed during the same 3-wk period (Table
I). Treatments began on the Monday after at least 4 sows in
a room had farrowed.

Experimental design
The experiment was designed with 3 treatments and 2 repli
cates per treatment. TreatmeI1ts were monitored for 3 weeks
and were as follows:

Facilities
Three farrowing rooms, each measuring 4.8 x 11 x 2.7 m
were used. Two rooms each had 5 farrowing pens measuring
1.98 x 2.08 m with a floor area of 4.1 m2• The third room
housed 6 pens, each measuring 1.63 x 2.08 m with a floor
area of 3.4 m2. Pen floo"rs were 1/3 solid concrete and 1/3
slatted at the front of the pen and 1/3 slatted at the rear of the
pen. The farrowing crates measured 0.75 x 2.08 m. Sows
were fed manually at 1300 h daily. Piglets were fed creep
feed ad libitum from 2 weeks of age. They were ear notched
for identification, received iron injections, and had their teeth
and tails clipped on the day of birth. Male piglets were
castrated at 11 d of age.

The bam was ventilated by a filtered-air, positive-pressure
ventilation system. Two inlets, each measuring 240 x 480
mm, supplied air to each of the rooms. Air was exhausted
passively at the opposite end of the room. Inlet and exhaust
openings were adjusted to provide a similar ventilation rate
(L/s) in each room. Fluorescent lighting was provided in each
room. Lights were regulated by automatic timers and were on
from 0600-2200 h daily and farrowing rooms were managed
on an all-in all-out basis.

MATERIALS AND METHODS

Oil application to litter and floors

With the evidence of the dust suppressant properties of oil
when added to feeds and grain, researchers also examined the
possibility of applying oil to litter in poultry barns and on
floors in swine housing. Feddes et al.. (1995) studied the
effects of ventilation rate and oiling litter with canola oil on
particulate levels in turkey barns. They were able to reduce
respirable dust concentrations by 80% when oil content in the
turkey litter was maintained at approximately 2% by volume
whereas increasing ventilation from winter to summer rates
was only able to reduce aerial contaminants by 65%.

Similar reductions in dust levels have been found when oil
is applied to floors in pig housing. Takai et al. (1993) re
ported preliminary results showing that airborne particulates
could be reduced by 50-90% when 5-15 mL rapeseed oil per
pig was applied to floors. These results suggest that applying
oil to floor surfaces may be an effective method of control
ling dust levels in pig barns.

Applying oil to floors may be an effective means of con
trolling dust levels within farrowing environments where
respirable dust levels tend to be highest, especially with high
levels of animal activity when workers are present. The
objective of this study was to investigate the effect of timing
of oil application. Specifically, they were: a) to determine if
application of oil 24 h before measurement is an effective
means of reducing respirable dust concentrations, b) to deter
mine if application of oil 15 d (once during a 3-week period)
before measurement is an effective means of reducing
respirable dust concentrations, and c) to determine if oiling
floors had any effect on piglet performance.
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chrometer (Taylor Instruments, Rochester, NY). Measure
ments were taken in the feed alley, near the max-min
thermometer. All temperatures were recorded between 0900
and 0930 h on day 1 and 2 of each week and between 1100
and 1200 h after dust sampling.

Ventilation rate
To measure room ventilation rate, a portable styrofoam duct
was constructed to fit over the inlets based on a design by
Jorgenson (1983). Internal dimensions of the duct were 240
x 480 mm and 2400 mm in length. The duct was held over the
inlets, flush with the wall and parallel to the floor while air
speed sampling took place. Air velocity was measured using
a thermal anemometer (Velocicalc, TSI, St. Paul, MN) at 25
points on a 5x5 grid within the duct. The average of these
points (m/s2) was recorded and total room ventilation rate
(Lis) was calculated. Air velocities were recorded twice
weekly, before and after the 24-h dust monitoring period.

To ensure effective ventilation in the experimental rooms,
screens over the exhaust outlets were removed and pressure
washed weekly to remove dust buildup. This was done on the
day oil was applied to the floors.

Piglet mass
The number of sows and piglets per room was recorded
weekly, after the 24-h dust monitoring period. All piglets
were weighed to calculate the average piglet mass.

Dust monitoring
Dust was monitored continuously for a 24-h period once a
week 24 h after oil was applied. A remote sampling technique
was used so that rooms could be monitored sequentially and
to keep sampling equipment clean. Sampling equipment was
housed in a ventilated box located in the hallway outside the
rooms. Room air was drawn through transparent 6 mm 10
flexible Nalgene tubing. These tubes, located 920 mm above
the pen floor, ran from the centre of each room into the
hallway, where they were connected to a computer operated
ball valve unit. The length of tubing (17.7 m) was the same
for all 3 rooms. The ball valve assembly was also connected
to a forward light-scattering particle counter (Climet Instru
ments, Redlands, CA). The number of particles (>0.5 Ilm
diameter) per mL in the sample air was counted over a 36 s
period. Three 36-s samples were collected from each room
once every half hour. For the remainder of the half hour, air
from the hallway was sampled.

Statistical analysis
Data were analyzed using analysis of variance. Least squares
means and standard errors were calculated for dust levels,
temperatures, ventilation rates, and piglet mass. Means were
separated using Duncan's New Multiple Range test (p =
0.05). Computations were made using SAS (1989).

RESULTS

Dust
The mean dust concentrations measured during weeks 1, 2,
and 3 for the three treatments are presented in Table II. The
mean airborne dust concentrations for the three treatments
were found to be significantly different(p< 0.05). When com-

paring dust levels across weeks, there was an increase in dust
with time for all treatments (Table II). The greatest increase
in dust concentration occurred between weeks 2 and 3 for the
single and control treatment. There may be several reasons
for this trend. Piglet growth rate tended to follow a linear
trend during weeks 1-2. However, during weeks 2-3, the
growth rate increased rapidly. This rapid growth increase
may playa role in increased particle levels. In addition, there
was a buildup of feed and feces over time. Feed alleys and
the crate tops were cleaned once a week but pen floors were
not, to prevent oil from being removed from the floors. The
accumulated feces and feed also contributed to increased
dust concentrations over time. Table II illustrates that an oil
application lowers dust concentrations over a 24-h period.

Table II: Mean dust concentrations (particles/mL)

Treatment Control Weekly Single
application application

Week I 2.51 0.68 0.79
Week 2 1.68 0.72 1.63
Week 3 5.55 0.77 . 5.46
Mean l 3.25a 0.73c 2.63b

SEM (0.18)
1 Means with different superscripts are statistically different

(p<0.05)

To account for variation in the number of piglets per room
and room ventilation rates, net dust production in particles
per second per piglet was calculated. Table III presents mean
net particle production rates by treatment. Particle produc
tion rate was highest (32,300 particlesls per pig) in the
control treatment, followed by the single application treat
ment. The mean production rates for the three treatments
were found to be significantly different (p < 0.05). Dust
production rate was expected to be slightly lower in the
single treatment as dust concentrations were much lower
during the first week of oil application. During the second
week, particle production rates more closely approached that
of the control treatment (Table III). Particle production rates
increased from weeks 1 to 3. This indicates that, as the piglets
increased in size, particle concentrations also increased.
However, mean particle concentration during week 2 de
creased rather than increased in the control treatment (Table
III). The reason for the decrease is unclear.

Temperature and ventilation rate

Mean values for Tmax, Tmin, Twb, and Tdb are presented in
Table IV. In most cases, day to day variation in temperatures
within weeks was very small. Means were different by only
1-2 °C. Tmax was highest in the weekly treatment where the
mean ventilation rate was the lowest (257 Lis). Ventilation
rates also tended to be higher before dust monitoring than
afterwards, with mean ventilation rates of 276 and 256 Lis
being recorded on days 2 and 3 of the week, respectively.
This decrease in ventilation was expected since, as men
tioned previously, screens on the exhaust openings were
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Table III: Airborne particle production rates
(particles/s per pig)

Treatment Control Weekly Single
application application

Week I 14100 3900 5000
Week 2 9520 4500 8480
Week 3 32300 5060 30100
Mean l 186003 4500c I4500b

SEM (1,030)
1 Means with different superscripts are statistically different

(p<0.05)

removed and washed weekly on day 1. By day 3 dust had
accumulated on these screens and may have affected ventila
tion efficiency, resulting in the observed decrease. Mean
ventilation rates were 270, 257, and 270 LIs, for control,
weekly, and single treatments, respectively. The overall
mean ventilation rate was 266 LIs.

Pig mass

Sharpest increase in growth rate occurred from days 15-30.
Average piglet mass was not significantly different by treat
ment (p=0.14). Mean piglet mass was 3.6 kg for both the
control and weekly treatments and 4.1 kg for the single
treatment. Mean piglet age was 15 and 13 days, for replicates
1 and 2, respectively.

Table IV: Summary of mean temperatures( °C) by
treatment

Treatment Tmax Tmin Twb Tdb

Control 28.0 (0.29) 25.6 (0.29) 22.5 (0.39) 28.0 (0.34)
Weekly 29.0 (0.28) 23.8 (0.28) 21.7 (0.39) 27.5 (0.34)
Single 27.7 (0.28) 23.0 (0.28) 20.2 (0.39) 26.0 (0.34)

SEM ()

DISCUSSION

Applying oil is an effective means in reducing dust concen
trations over a 24-h period after application. Mean dust
reduction was 73%, 24-h after application over the 3-week
period. A similar effect was achieved by Takai et al. (1993)
who, by applying a rapeseed oil mixture at 5-15 mL oil per
pig daily, reduced respirable dust concentration by 76% in a
building housing piglets. The same authors reported a similar
effect in rooms housing young pigs and fattening pigs. Mean
dust reduction was 54 and 52% in young and fattening pigs,
respectively. Zhang et al. (1994), applied mineral oil to floors
in a grower finisher unit. By doing so, they reduced both
respirable and inhalable dust concentrations by 75%. This
suggests that respirable dust concentrations can be reduced to
acceptable levels during piglet handling.

Oil is effective in lowering dust concentrations. It evapo
rates more slowly than water and may therefore be a good
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binding agent for dust (Takai 1987). Particles that come in
contact with oil may subsequently adhere to one another,
thereby increasing their size (Dawson 1990). These larger
particles will settle out faster. Oil may also help particles
adhere to surfaces and prevent their re-entrainment into air.
Both of these situations will result in lower concentrations of
aerial dust.

When pig lungs were examined for the presence of oil
(Takai et al. 1993), there was no evidence of resorption of oil
to the upper respiratory tract, lymph nodes, or lung tissue. Oil
droplets <5 J.lm in diameter may travel to the lower respira
tory tract. However, no oil droplets were found in the lower
respiratory tract using a sudan III staining technique. There
fore, the risk of oil being inhaled by pigs appears to be low.
In this study, oil was applied under low pressure to ensure
that oil droplets were >5 Ilm and were therefore not
respirable.

Average piglet mass was not different by treatment. This
is in agreement with Takai et al. (1993) who stated that
applying a rapeseed oil mixture to floors in pig barns had no
effect on pig performance. In this current study, gain per day
and feed conversion were similar between control and treat
ment groups. In addition, health status reports from the
slaughter house showed that there was no difference in health
status between pigs on the oil treatment compared to the
control pigs.

CONCLUSIONS

I. Oil application was effective in reducing dust concen
trations by 73% over a 24-h period after application.
Mean dust levels during week 3 were 5.6, 0.8, and 5.5
particles/mL for control, 24-h, and single treatments,
respectively.

2. Applying 24 mL oil/m2 was sufficient to keep dust levels
low and reduce the incidence of ingesting oil.

3. Piglet mass was not significantly different by treatment.
Mean piglet mass in week 3 was 5.0 kg for control and
weekly treatments and 5.7 kg for the single treatment.
Sharpest increase in growth rate occurred between 15 to
30 days of age. This rapid increase in size may, in part,
account for the large increase in dust from week 2 to 3.
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