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EFFECT OF FLOOR-APPLIED MINERAL OIL AND PIG ACTIVITY ON DUST IN A FARROWING
UNIT (abstract)

Evidence exists that suggests a relationship between air quality in swinc barns and respiratory health.
Mecthods of dust control arc accessary to protect worker and animal health, Several rescarchers have found that
various types of oil act as a dust suppressant when applicd to feed, poultry litter or floors in swine units.

Three farrowing rooms each housing 5 sows and litters were used to study the effects of floor-applied
mincral oil on dust concentrations (>0.5 pm diameter). Rooms were ventilated at a similar rate (266 L/s). An
cxperiment was designed with 3 treatments and 2 replicates/treatment.  No oil was sprayed in the control
treatment. Oil was applicd cither once a weck for three weeks or once at the beginning of week one in the
remaining 2 treatments. Oil was applicd to crate floors (61 inL oil/m?) using a low-pressurc hand sprayer.
Treatments were repeated using an application rate of 24 mL/m®. Dust concentrations (particles/mL),
maximum, minimum, wet and dry-bulb temperature, ventilation ratc and number of piglets and total piglet mass
per room were recorded weekly for a three week period.

Mcan temperaturcs were 28, 24, 21 and 27°C for maximum, minimum, we! gt dry-bulb temperatures,
respectively. There was no difference in ventilation rate between treatments o sarmes  BRIIF concentrations were
reduced by applying oil (3.2, 0.7 and 2.6 particles/mL, control, weekly - -sagl  spglicstions, respectively).
There was an incrcasc in dust concentrations with time, the greatest ise.. . . was. i tesmeen weeks 2 and
3. Applying oil weekly resulicd in an average dust reduction of 73% = the das *ficr - =ms applied. More
work is required to determinc the duration of dust-suppression by est

Dust levels obtained in the experiment were lower than empectes minary wark suggested that
sampling through 17.7 m of tubing reduced particlc levels by 20-48= A - » squaee wsing 5 lengths of
tubc (0, 4.6,9.2, 13.8 and 18.4 m) was designed to quantify the cffeom.  *hc = rcpomted 4 times. Mean
percent recovery al 184 m was 38%. Partick levels obtained » % woling mincral oil were
adjusted for the effccts of sampling iechnique.

A third cxperiment was conducted to determine the selmtonship botweea amiimal activity and dust
concentration. Onc sow and litter were housed in a room with eme ssincd farvowing evate. Particle levels and
animal activity were video recorded for a continuous 6-h periest Anmimsl arsivity was classified into several
categorics and the number of piglets in cach category recorded.  Fix enpevimses: was repeated with 3 different
lters.

Litter cffects accounted for 25% of dust variation, Wilee cumsidescd am their own, sumber of piglets
quict, standing or cagaging in intcasc activity explaincd the largest amas=ts of within-litter variation (R2= 0.46,
0.29 and 0.14, respectively). Sow activity explaincd little variation i % ®==gwntion of piglets active accounted
for 29% of within-litter variation in dust.

Dust concentrations arc highest during animal activity. Duwst comteol methods are needed during high
activity periods to protect respiratory health. Applying oil to floors weckly may be an effective means of dust
reduction in swinc barns.
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CHAPTER 1 INTRODUCTION AND LITERATURE REVIEW

INTRODUCTION

Over the past scveral decades, there has been a shift from extensive livestock production o more
intensive confinement systeins. McQuitty (1967) lists many factors that have ked to intensification and 2 more
efficient usc of labour. These include an increasing human population, demand by urban arcas for land for
roads, recreational facilities ctc., competition between industry and farming for Labour and changes in the world
food system that demand morc efficicnt production. The greatest changes in livesrock production have occurred
in animal housing. Often animal housing is uscd as a labour saving device, rather than as a way o provide
animal shcher (Curtis, 1972). With the increasc in intensive livestock production units, new problems have been
introdvccd. Handling and disposal of animal wastcs, odour emissions and discasc control, especially respiratory
discascs, have become particular challenges 10 producers (McQuitty, 1907).

Recently researchers have investigated the relationship between air quality and respiratory discase.
Curtis (1972) states that the air environment includes dust, liquid droplets, microorganisms, gases, odours and
ions. Dust from animal activity and fecd distribution (Bundy and Veenhuizen, 1987), and gascs from animal
respiration and manurc decomposition (Hellickson ct al., 1989) can also accumulate in the animal’s environment.
Acrial contaminants can shortcn cquipment life and impair its proper function (Phillips, 1980).  Additi wally,
thesc acrial contaminants may posc health risks to both animals and workers that spend prolonged periods in
these cavironments (DeBocr and Morrison, 1988). Dust concentration is of particular concern in swinc and
poultry units (Donham ct al., 1990; Donham and Gustafsson, 1982). A qucstion that now nceds to be considered
is whether, for each class of livestock, there is a level of acrial contaminants at which continuous cxposure affects
animal performance (Curtis, 1972).
LITERATURE REVIEW
Dxfiaitions and Characterization of Dust

Carpeater (1986) in & review of dust in livestock buildings defines acrosol as any solid or liquid particle
that remains airborne indcfinitcly. He further states that dust implics solid particles of widc size range. Viablc

particles are defincd as any particle, ¢i:her liquid or sofid that contains a living microorganism. Airborne sporcs



may also be classificd as viablc particles. Dust in live .ock barns is almost entircly organic (Carpenter, 1986)
and is widcly diversc in sizc and composition. Particlcs in swine barns can be composcd of feed, feces, dander,
molds, inscct parts, mincral ash or policns and grains (Donham et al., 1986). As well, viruses or bacteria may
become airborne and adhere to other particlcs (Choinitre and Munroe, 1993a). Donham et al. (1986) reported
that hog dust crude protcin content was 22.6%. Particles in swine barns are biologically active and will react with
respiratory tissues if inhaled (Choinitre and Munroe, 1993a).

Inhalcd particies arc deposited in the respiratory system by three methods: diffusion, sedimentation and
impaction. However, the site of deposition is detcrmincd by the particle size (Mcrcer, 1978). Particles <10 pm
in diamctcr arc deposited in the nosc, particlcs with diamcters between $-10 pm are gencrally deposited in the
upper fespiratory tract and particles with diameters < S um are deposited in the lower respiratory tract
(Carpenter, 1986). Scveral terms arc used to classify dust. Inspirable dust is the fraction which enters the mouth
and nosc during breathing (Boon, 1992). Respirable particics are those small enough to pencirate gas cxchange
regions of the lungs (DeBocr and Morrison, 1988; Boon, 1992) and in this thesis are defincd as between 0.5 -
3 um in diamctcr. Curtis (1987) reported that 25 - 33% of particies in hog units arc respirable, while Doaham
and Gustafsson (1982) reported that 15% of swinc dust was respirable. Choinidre and Munroc (1993a) statc that
between 80-90% of total swinc dust is respirable. Another study (Nicks et al., 1993) reported that 9% of dust
was in the respirablc range. Both workers and animals can be exposed to large amounts of potentially harmful
dusts. The majority of dust mass is composcd of particles 23 pm in diametcr. However, the greatest number
of particles arc <1 pm diamcter (Carpenier, 1986).

Dig Health

Carpenicr (1986) lists four means by which dust can affect the health and growth rate of livestock. Dust
may: 1) act as a respiratory irritant 2) lower resistance to respiratory discascs. 3) carry pathogens into lung
liucs.orl)wryhmeomeurdiomofnon-pahopukapnkmsiﬂolhclunp. High levels of noa-
pethogens may also influcnce the prevalence of respiratory discase.

Castranova ct al. (1992) conducted a study to determine responsivencss of guinca pigs to dusts kaown
to cause ODTS (organic dust toxic syndrome) in dairy farmers. Guinca pigs were exposed to dust for a 6-h



period and cxamined immediatcly or 18 h post exposurc. General respiratory responscs (0 respirable dust
included an increase in the number of total alveolar cclls, polymorphonuclcar lcukocytes, lymphocytes and red
blood cells. In addition, an increasc in seeretory action of macrophagces and in breuthing rate and airway chwure
were reported. In a similar study, Robinson et al, (1992) studied airway response in small, medium and large
sized guinca pigs. Responscs similar to those listed above were observed. Although there was no difference in
responsivencss between small and medium sized guinca pigs, both groups were significantly morce sensitive than
large guinca pigs. The rescarchers concluded that the guinca pig was a uscful model for predicting biological
activity of various dusts (Castranova et al,, 1992).

Nasal passages filtcr, humidify and warm incoming air (Switzer ct al., 1981). If nasal passages arc
damaged, these functions can be impaired and lower respiratory tract damage may be more severe. Doig and
Willoughby (1971) exposed weck old piglets to various levels of dust and NH,. When pigs were exposcd to dust
or NH, alonc, somc conjunctival irritation was obscrved during the first week of exposure.  Aficr this period,
pigs acclimatized. However, in pigs exposed to both dust and NHj, conjunctival irritation lasted 2 wecks. Pigs
exposed to dust and NH, for S wecks exhibited extensive cilia loss. In addition, pigs exposed to NH, alonc or
with dust had decreascd numbers of goblct cells and increascd turbinate cpithclium thickness. The authors
reported histopathological changes in the upper respiratory tract only. Pigs were exposcd (o contaminants for
a maximum of 6 wecks. If pigs were exposcd to these contaminants for a longer period, evidence of lower tract
damage may also have been observed.

Pncumonia and atrophic rhinitis (AR) arc both common respiratory discascs in swinc. Usually these
discascs arc both subclinical, having detrimental effccts on weight gain and feed cfficiency in pigs (Cowart et al,,
1992). In onc study, pigs were exposed to cither respirable dust (RD), RD and NH, or to a costrol

cavironment. Pigs were then intranasally challenged with P ida, » causativc agent of AR. At the

conciusion of the experiment, pigs were scored for AR scverity. Pigs in the control cavironment had normal
turbinates while thosc exposed to pollutants had moderatc turbisate scores. Pigs that were exposed o both RD
and NH, showed the greatest increase in AR score. Continuous exposurc (o acrial poliutants may contributc
to severity of turbinate atrophy (Hamition ct al., 1993).



Continuous production (vs all-in all-out systems), small sirspace /animal, incorrect room temperatures
and high carbon dioxidc (CO,) concentrations may all be associated with adverse health effects (Awad-Masalmeh
snd Koler, 1993). Rescarch by Cowart et al. (1992) compared both farrowing and grower-finisher units with
mechanical and natural ventilation (o relate AR and pneumonia 1o season and found that AR incidence was
significantly highcr in summcr. The opposite was found for pncumonia scores, which were significantly higher
in the wintcr. In both farrowing and grower-finisher barns, AR incidence was higher in the intensely confined,
mcchanically ventilated barns. This trend was consisient in both winter and summer conditions. Pigs that
developed AR during the summer were farrowed in the winter, when dust concentrations arc highesi. The
rescarchers hypothesized that exposurc to poorer air quality during the winter may have rendered the pigs more
susceptible to infection by agents that cause AR,

Donham (1991) studicd various acrial contaminants in swinc barns and corrclated them to respiratory
discasc. Hc statcd that respirablc dust and NH, concentrations at animal lcvel and CO, concentration at worker
level were most consistently related to respiratory discase in pigs. However, Doig and Willoughby (1971)
rcported no changes in average daily gain when pigs were exposed to dust and NH, alonc or in combination.

However, when exposed to dust at lovels of 10 mg/m® with 50 ppm NH,, no effect on performance was
obscrved.  This agrees with Backstrom and Curtis (1981) who reported that dust often exceeds levels of 10
mg/m?, but this has littke dircct influcnce on pig health or performance. Jansen and Feddes (1993) exposed pigs
to cither fecd or fecal dust during the growing phase. Pigs werc cxposed to high dust coaceatrations
(spproximatcly 80 particles/mL) 14 h/day for approximatcly 90 days. Lungs were removed at slaughter and
scorcd according to the percent of lung affected by lesions. They reported that dust exposure had lictle effect

imal performance, however, they did find that younger, lighter animal may be more susceptible to lung
lesions when housed in conditions of poor air quality. They concluded that dust may have a greater influence
on the incidence, rather than the severity of lung lesions. Curtis et al. (1975) reported that effects of dust and

NH; were additive. This agrees with Jansen and Feddes (1993). Akbough contaminants may not be high
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Worker Health
Respirable dust may also threaten the health of labourcrs that work in these environments for prolonged

periods of time. Common respiratory problems that caa develop as a result of chronic exposurc include chronic
brunchitis, occupational asthma and farmer’s lung (Choinitre and Munroc, 1993b). In addition, symptoms arc
more scvere and more frequent among hog workers than among dairy, becf, poultry and mixed farmers (Donham
and Gustafsson, 1982; Donham, 1987; Holness et al., 1987). Tablc I-1 comparcs the incidence of respiratory
discases in Ontario dairy, swinc and poultry producers.

Table 1-1 Survey of respiratory discase of Ontario farmers (Choinidre and Munroc, 1993b)

The major respiratory complaints of swine workers included cough, chest tightness, excess sputum,
wheezing and shortncss of breath. Twelve percent of labourers reported symptoms 2-3 h post exposurc. These
symptoms usually improved aftcr 24-48 h away from production units (Donham and Gustafsson, 1982). In a
comparison of swine confincment workers, non-confincment agriculural workers and bluc-collar non-agriculiural
workers, Donham ct al. (1990) reported that more confinement workers reporicd a “usual cough® (1S vs 9.5 vs
8% for confincment, non-confincment and bluc-collar, respectively). A similar trend was reporicd for phicgm
production (25, 11, 10% confincment, non and bluc-collar, respectively) and developing a cough aftcr a 48-h
abseace from work (18, 2.5, 4.7%, confincment, non and bluc-collar, respectively). Iversea et al., cited by
Pedersca (1989) compaicd respiratory discasc prevalency between dairy and swinc workers. Their results arc
summarized in Table I-2. A summary of clinical respiratory symptoms in swinc workers is preseated in



Table 1-2 Respiratory discasc prevalence in dairy and swine workers (Iversen et al., cited by Pedersen (1989))

Table I-3. Iversen and Takai (1990) studicd both symptomatic and asymptomatic workers and found the mean

age of workers was significantly higher for symptomatic farmers (50 vs 35, symptomatic vs asymptomatic,

of sclf-reported behaviours of swine workers, Gjerde et al. (1991) found that >80% of Isbourers were concerned
about the long tcrm heakth effccts of farming. However, <20% fek they were as careful about the risks as they
hivestock gases and dust were.

Table |3 Clinical symploms in swinc conflincment workers

ic dust toxic syndrome (ODTS)
Chrﬁﬁl;: bronchitis 7
__ Obsiructed sirvay _

particle to emter the respiratory system, the deposition site, retention lime in respiratory strectures, rate of
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Tablc 1-4 presents recommendations from Ontario’s Occupational Heakh and Salcty Act (OSHA) for grain dust.

Table -4 OSHA recommended exposure limits for grain dust (Choiniére and Munroc, 1993a)

The British Standards Institution (cited by Boon, 1992) has sct recommended limits of 10 mg/m?® for
total inhalable dust and 5 mg/m? for total respirable dust. A maximum cxposurc himit of 10 mg/m? was sct for
grain dust. A study of Ontario pork produccrs found that 27% of workers were exposed to levels > 10 mg/m?

(Choinitre 2nd Munroe, 1993a). In addition, the standards sct for dust exposurc oficn do not account for

states that present recommendations may be oo high to prevent respiratory discasc in workers and that currest
standards should be much lower. Table I-5 shows his recommended guidclincs for area and personal dust for
both humans and pigs. Arca samples were taken at stationary sampling locations. Personal samples were

collccted within the worker breathing zone.
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Strategies for Dust Control

In order to provide a healthicr eavironment for both swinc and humans, it is important to control dust
emissions. There arc 3 basic strategics to dust control (Dawson, 1990; Bundy, 1984):

1.  Minimize dust formation

2. Prevent formed dust from becoming airborne

3. Rcmoval of dust particles once they become airborne

Initially, this thesis addresses the sccond strategy and cxamines the use of floor-applied mincral oil as
a means of controlling airbornc dust concentrations in a swine farrowing enviroament.  Sccondly, this thesis
describes an experiment to cxamine the relationship between pig activity and dust concentrations. On the basis
of this cxperiment, a model was developed to determinc those activities which have the greatest influcnce on dust

levels.
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CHAPTER 2 EFFECTS OF FLOOR-APPLIED MINERAL OIL ON RESPIRABLE DUST IN A SWINE
FARROWING ENVIRONMENT

INTRODUCTION
As stated in the previous chapter, evidence exists to suggest a relationship between acrosol concentration
and respiratory damage in swinc and humans. Thercfore, it is necessary to develop effective methods to control

particulate cmissions in bog barns. Nicks et al. (1993) reported major variations in dust concent
They also statcd that during periods of low activity, there is a greater percentage of particies between 0.5-1 ym
hd’a-etct.dluspmidesbumnl-zwz-slsMdmﬂmﬁdh&:ﬂﬁyﬂﬁhdﬁ
conceatration. This suggests that particies in the respirable size range may continue to remain airborae cven
dstiagpcriodsohnimalinaaivityandlhatconlrolmeasurcsmaybcncccsuryduriugpcriodsdb@tihig!lnﬂ
low animal activity to protect respiratory heakth.

In addition, the composition and lcvels of dust may diffcr between various stages of swine production.

units than in

Total dust concentrations were reported by Jacobson ct al. (1992) to be higher in finishin
farrowing or growcr-nurscry barns, However, the concentration of respirable dust was higher in the grower-
nurscry waits than in finishing or farrowing barns. Donham ct al. (1986) reported total acrosol concentration
wbnnhhnowiqbamgsﬁgwybighcrhpmr-nwryuhudw&fmiﬁigﬂs However,
they found respirable concentrations were highest in farrowing baras and lowest in the finishing arcas. Both total
dust conceatrations and particke size increascd from farrowing (o finishing units. In addition, they reported

particics in farrowing and growcr-sursery units were from fecal material, while particics in the finishi
were primarily from feed. chmkhsleadlobcmﬂctlbukedmiduudwiﬂpsmﬁqgfho

the lung (Domham ct al., 1986). It may therefore be of more importance to control dust in the farrowis

memmmhhhmcmmnum

8l a3 2 Feed and Grala Additive
M.Mmmm”hdm“do&dm;d&hmtoﬂhiﬁsmﬁﬂﬂ

the release of feed particulates (Chibe e al., 198, 1987; Gast and Bundy, 1986; Gore et al., 1986; Welford

et al, 1990; Xiwei ct al, 1993) or grain (Wardlaw ct al, 1989). By adding tallow t0 pig rations, Chiba et al.

(1985, 1987) were able to reduce acrial dust by 21-53%. The greatest reduction occurred with addition of 7.5%
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tallow, the least by adding 2.5%. By coating pelicts with cither fat or a fat and lignin mixure, Xiwei ct al. (1993)
reduced respirable dust sedimentation rate (RDSR in particles/(kg.min)) by 82-87%. RDSR was defincd as the
number of particles between 0.5-S pm in size released per kg of fecd per minutc. Coating pelicts with a fat and
lignin mixture was bettcr than the fat coating alonc in reducing RDSR.

Gore ct al. (1986) reduced scttled dust concentrations by 45% with the addition of 5% soybean oil 10
starter dicts. lnanndytompare:oybcanoil,mincnloiludlecihinlccdaddilivcs.(}wandMy(l!llb)
found that all were able 10 reduce feed dustiness; however, 5% soybean ol was least effective and a mixture
of both oil and lecithin was more effective than cither oil or lecithin alonc.

Rescarch involving the addition of mincral oil to corn and milo was ablc 10 increase the amount of dust
retained on grain kernels by 49-98% (Wardlaw et al., 1989).

0l Appiication to Lister and Floors

\V'ublbcevidcnecofdunmpptcssam.bilkicswbcnoilkaddcdmlecdaandyaia.mchcnako
embedlkmﬁ&ydapﬁybgdllo&luhmhqbamandmﬂmnhmm

Feddes et al. (1991) studicd the effccts of ventilation raic and oiling littcr with canola oil on particulate
levels in turkey barns. They were able to reduce respirablc dust conccatrations by 80% with oil, whereas
increasing ventilation from winter to summer ratcs was only ablc to reduce acrial comtaminants by 65%. A
similar study of canola oil's cffectivencss showed that respirable dust concentrations were reduced by 7S% whea
0.15 L oil/m? was applicd 10 turkey ittcr (Taschuk ct al,, 1991).

Shiumhshdmkwkhwucafmdmndlkamkdlo&mbpigm Takai ct
d.(l%)nwnedprcliniauymuhuhowiagthﬂa&bomcpoﬂiculdcsuuldhercduwdbyﬂ)-mms-ls
mL rapesced oil/pig was applicd to floors. Earlicr work found that using 40 mL oil/m? could reduce airborae
dust conceatrations by 90% in hog barns (Takai, 1987). Thesc results suggest that applying oil (o floor surfaces
may be am effective method of controlling dust leveks in pig baras.

Apﬂyi'oﬂloﬂommkly,wkrﬂudﬂy.mbeueﬁcahemdmmﬁqﬂm
-&&mmmmwanuamuw.mmm“da
required. ‘l'iiﬂhcsis'-vca'gucslhcpotcuiddappiyiquiaadoilmﬂy.mbcnhudaily.lolhelloou'-

13



farrowing rooms as a mcans of dust control.
1. To determinc if applying mincral oil weekly to floors in farrowing crates is an effective means of
reducing respirable dust concentrations,
2. To determinc if dust suppressant activitics of oil are effective for more than one week.

3. To determinc if oiling floors had any cffect on piglct performance.

The experiment was conducted from July 19-Scpt. 22, 1993, under typical summer conditions at the swine
wnit of Agricullure Canada’s Centre for Food and Animal Rescarch, located in Nepcan, ON. Three farrowing

rooms, cach measuring 4.8 x 11 x 2.7 m were used. Two rooms cach had § farrowing crates measuring 1.98 x

208 m with a floor arca of 4.12 m?, The third room housed 6 crates, cach measuring 1.63 x 2.08 m with a floor
arca of 3.3 m?. Figurc II-1 illustratcs crecp and sow arcas for both types of cratc. Pen floors were 1/3 solid
concretc and 2/3 slattcd. Sows were fed manually at 13:00 h daily. Piglets were fed creep feed ad libitum from
2 wks of age and weancd at approximatcly 28 d of age. Piglets were car notched for identification, received iron

injcctions and their tecth and tails were clipped on the day of birth. Male pighcts were castrated at 11 d of age.

Flworcscent lighting was provided in cach room. Lights were regulated by automatic timers and were on from
Farrowing rooms were managed on an all-in all-out basis. The day following weaning, crates were
fected. When possible, the room stood empty for ose week before

being wscd again.
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Figure 11-1 Schematic of farrowing crates illustrating cratc size differences for rooms wih 5 or 6 cratcs/room

Rxperimental Desige
The experiment was designed with 3 treastments and 2 replicates per treatment.  Treatments were
monitored for 3 wecks and were as follows:

Centrel Application 0o oil applicd
Weekly Application oil was applicd once per week for 3 wecks
Siagle Application oﬂappﬁedmdlbbeﬁnuﬁgdwckmlodﬂeﬁinﬂiskgh

of dust suppression
meenndonlymdlothcmnswihlbcmlhmlumﬂsm&mﬂ
twice and that mo room reccived the same (reatment. Tablc 11-1 preseats the order of treatments.
A minimum of 4 and maximum of 5 sows were required for cach treatment and a total of 28 sows asd
281 piglcts were used in the experiment. A group of sows was moved into the farrowing room spproximatcly
ome week before farrowng, Only onc room was filled per weck and was occupicd for appross
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Therefore, treatments were not completed during the same 3-wk period. Figure 11-2 shows the weeks of

monitoring for cach treatment. During the week before farrowing, no treatments were applicd in order to allow

dust concentrations to build. Treatments began on the Monday after at least 4 sows in a room had farrowed.
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Figre 112 Datcs of dust moniloring, replicatcs 1 and 2

Oil was applicd between 09:00-10:00. Dust concentrations were monitored for a 24-h period,

24 b afier oil application. Ventilation ratc was measured before and afier the dust momitoring period.

Maximum, minimum, wet and dry-bulb temperaturcs were recorded the day of ol application aad before and
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after the 24-h dust monitoring period (sce Tabie 11-2),

Table 11-2 Weekly schedule of events for control, weekly and single oil applications

temperatures recorded temps and ventilaiion dust monitoring
__fate recorded ) ~ compicted

exhaust screens washed 24 b dust monitoring temps and ventilation
begins rate recorded

oil applicd to floors

° oil is applied in weekly and single treatments only

* Weeks 2 and 3 are similar to week 1 except that oil is not applicd 10 floors in the control or single
treatments.

Pigicts were also weighed aficr completion of the 24-h dust monitoring period. Details of sampling
techniques are presentcd in later sections.
Ol Apgilicatien

Mincral oil (Vetoquinol Canada Inc., Jolliet, Que.) was applicd to floors using low-pressure hand
operated plant mistcrs (Continental Industrics, Brampton, ON). Five sprayers were cach filled with an aliotment
of oil to be applicd to onc crate floor. The initial allotment was 250 mL/cratc in rooms with 5 cratcs/room and
207 mL/crate in the room with 6 crates/room (scc appendix for calculations). Oil was measured using a
graduated cylindcr. A coarsc mist of oil was applicd under low pressure to prevent dispersing oil deoplets of
respirable size. Oil was applicd 10 all floor surfaces, slattcd and concrete, and was applicd in both the sow and
pigict arcas. Sows were standing during oil application and oil was applicd underncath them. To avoid applying
oil on the piglets, they were moved to one crecp arca and oil was applicd to the opposite side. The procedure
was repeated for the other creep arca. In order to maintain a similar amount of oil applicd/room, oil was
applicd in both occupicd and unoccupicd crates.

Duwring the firs. cplicate, it was noticed that pigicts consumed small amounts of oil from the floor.

Mincral oil acts as a laxative and piglets on the weekly treatment developed scours in a paticrn similar to that
of oil application. In order to prevent piglcts from consuming the oil, the application rate was reduced to 24
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mL/m? in the sccond replicate of both the singlc and weckly treatments, (100 mL/crate, 5 crates/room, 81

mL/cratc, 6 crates/room, sce appendix for detcrmination of these rates). In addition, applying oil to the floors

the sccond replicate, oil was applied over the sow, rather than on the floor. These modifications eliminated the

problcms.

continuously for a 24-h period once a week, 24 h aficr oil was applicd. A remote sampling technique was used
so that rooms could be monitored sequentially and to keep sampling equipment clcan. Sampling equipment was
houscd in a plywood box supplicd with filicred air, located in the hallway outside the rooms. Room air was
drawn through transparcnt, flexible Nalgene tubing with a 1.4 cm extcrnal diameter and 8 0.6 cm internal
diametcr. These tubes, located 92 cm above the crate floor, (Figure 11-3) ran from the centre of each room into
the hallway, where they were connceted to a ball valve unit. The length of tubing (17.7 m) was the same for all
3 rooms. The ball valve assembly was also connected 10 a forward light-scattering particle counter (Climet
Instruments, Redlands, CA).  This particle counter counted particles according to their size, rather than their
mass. As particles pass through the light beam in the instrument, light is scattered and detected by a seasor.
The amount of light scaticred is proportional to the size of the particle passing through the light beam.
Samples were drawn from the rooms 10 the particle counter through the tubing and particle counts were
stored on a computer and transferred to disketic at the end of the monitoring period. The number of particles
obtain the particle concentration in particles/mL (sce appendix for detcrmination of conversion factor). Four
36-s samples were collected from each room once cvery half hour. For the remainder of the half howr, air from
the haliway was sampicd. Sampling cquipment was cheeked weekly to ensure proper function. To prepare data
The first rcadmgl‘rm:a:hmm@@dulhwmm&]!sk@xpﬂdﬁwh&

sampling tube. In addition, pressurc changes that occur during valve opcning and closing may also have affected
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the first reading collected. Data were scanned for errors caused by mechanical probicms and these values were
removed.



Jemperature Mositoring

Maximum (T ), minimum (T,,.), wet-bulb (Top): and dry-bulb (Tq,) temperatures were measured

thermometer (Taylor Instruments, Toronto, ON), hung 1.6 m from the floor, along the centre of the wall closest
to the sow fecders (Figure 11-3). Thermomcters were reset immediately aficr the temperatures were recorded.
Wet and dry-bulb temperatures were measured with a sling psychrometer (Taylor Instruments, Rochester, NY).
Mcasurcments were taken in the feed alley, near the max-min thermometer. The wick was wetted with water
prior to monitoring cach room, and the psychrometer was whirled for approximately 70 s. Wet-bubb temperature

temperaturcs were recorded in Fahrenhcit (°F) and converted to Celsius (°C) by equation (11-1):

C*Fx0.56-17.8
where: )
C= degrees Celsins (k1)
F= degrees Farenheit

Curtis, (1987)

All temperatures were recorded between 09:00-09:30 on day 1 and 2. On day 3 however, they were not
recorded until dust sampling was completed, usually between 11:00-12:00,
Nestiiation Rate

To mcasurc room ventilation ratc, a removablc styrofoam duct was coastructed 1o fit over the inlets
based on a design by Jorgenson (1983). Internal dimensions of the duct were 24 x 48 cm and it was 240 cm ia
leagth. Five l.3andimuahdufawbciymmcmﬂswuequﬂymdveﬂhﬂy:hgs?m
sidc, 204 cm from the end of the duct (see Figure 11-4). The duct was held over inlet 2 (see Figure 11-3), flush
ﬁhlbcvl.llldponllcllolhcﬂombstsktmawbikliMﬂm]ﬁqlﬂﬂkphaz, Air velocity was
Muﬁgatbmdmmer(v:hdak.ml.&.Paul,MN)dZSpuiﬁﬁilSsSﬁE!ﬂ&lkiai
‘l\ewm.edthuems(-/s)mwuﬂludmnahmefl/s)ﬁaﬂgeidqeﬁgﬁ
n-2).

The cquation includcs a factor of 2 as there were 2 inlets/room. Inlct 1 was not measured, becanse the
watcr linc to the farrowing crates prevented proper positioning of the duct. Prcliminary data suggested that air

2



e

directicon of

air inW/

r/

//
—
"

) —— 48 CM ———

. (:\
[
)
O

Figure 1i<4 Diagram of duct uscd to monitor ventilation ratc

VR=Vx0.1152x1000x2
where:
VR= sotal ventilasion rese (Ljs)
0.1152= crogs sectionsl area of duct (m?)
1000= comversion factor m’ls - Lis

velocity from both inlets was approximatcly the same.

(n-2)

Veatilation rate was cxpected to be lowest in room C. Thercfore, this room was measurcd first and the

veatilation ratc in the other 2 rooms was adjusted 10 a similar rate. Air velocitics were recorded twice weekly,

before and aftcr the 24-h dust monitoriag period.

To easure effective ventilation in the experimental rooms, screens over (he cxhaust outlets wese removed
and pressure washed weekly (0 remove dust buildup. This was doac on the day oil was applied (o floors.

mthoaHuclbemalm-mlmﬂlkmgzpdam Records were kept
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for cach sow and littcr, and pigicts were weighed in batches. Scveral piglets were placed on the scale, the weight
and number of pigcts on the scalc were recorded. The scale was zerocd between batches. The procedure was
repeated for all litters in the room. Sow and litter numbers and the date of birth were recorded, as well as date
weighed. Data for cach room were summarized in a spreadsheet (Lotus 1-2-3) and included total aumber of
pigicts and sows, total pigict mass, average piglct mass and average piglct age in days, as well as the replicate,
treatment, week and room numbcrs.

Statistical Analvsis
Pigict data were classificd by replicate, treatment, room and week. Data were analyzed using analysi

of variance. The modcl for analysis of total and average piglet mass and age included replicate (1 d.f.), week
(2 1), trecatment (2 df.), room (2 d.f.) and treatment by week intcraction (4 d.f.).

Least squares means and standard crrors were calculated for dust levels, temperatures, ventilation rates
and pigict mass. Mcans were scparated using Duncan's New Mukiple Range test (¢ = 0.05). Computations
were made wsing SAS (1989, SAS Institwte, Cary, NC).

RESULTS

Dust

Figures 11-5 to 11-7 illustratc the dust concentrations measurcd during weeks 1, 2 and 3, respectively.
Scveral important treads can be scen. During week 1 (Figure 11-5), particke concentrations in the single and
weckly treatments were quite similar and were lower than control levels. This similarity betweea treatments was
cxpected. During the first week, the treatments were identical and suppressant activities of the oil should be the
samc. During week 2 (Figure 11-6) however, treatments differ. In the first replicate, levels in the single
treatment returacd (o levels cquivalent (o or higher than the control treatment. This trend was 80t scea in the
sccond replicate. With the exception of levels between the hours of 08:00-09:30, dust levels were lower than
the comtrol and were quite similar (o levels in the weekly treatment. A reversal was scea in the third week
(Figure 11-7). Leveks in the single treatment of replicate 1 were lower than the control and (he reverse was seea
week. Monitoriag dust more frequently than once a weck may aid in detcrmining this.
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From thesc graphs, it is apparcnt that applying mincral oil weekly was abie to keep dust concentrations
low during the day aftcr ' application. A sccond monitoring period later in the week would indicate whether

week but pen floors were aot, to prevent oil from being removed from the floors. The accumulated feces and
fced may have also contributed (0 increased dust concemtrations with time.

Toble 113 Mcan dust coccatrations (particics/mL) by week, comtrol, weekly and single mincral ol

AN tempcratures were higher in replicate 1, except for T, .. Outdoor icmperatures and relative

humiditics were highcr during the first replicatc. This may have influcaced the barn eaviroament and led to the

Tg=26,27 and 28, days 1, 2 and 3, re tively). As mentioned previously, cmperatures on day 3 were
recorded later in the day than on day 1 or 2. Temperatures were measured closer to the hottest period of the
day and arc expected to be higher. Top however was highest on day 2 (20.5, 22.3 and 21.5, days 1, 2 and 3,
vespectively). The reasos for this is unclear.
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was highest in the weekly treatment. Ventilation rate tended to be lowest in this treatment (sce the next section)

and therefore, temperatures may be expected (o be shightly higher. Toiee T 80d Ty, were all highest in the

20 029) _2sew | moes
Weekly 290 (0.28) 238 (028) 2709 | 215034
2702 | 2o | 220w 260 (034)

Ventilation rate tended to be higher before dust monitoring than aficrwards with mean vemtilation rates
of 276 and 256 L /s being recorded on days 2 and 3, respectively. This decrease in ventilation was expecied since,
umm,mmulkmﬂupemmummnusedﬂm-ﬁtbﬁiﬁyl By day

9



Mdmh:m-lh:weeklymmeﬂ(mmmummmmmysfmmﬂ,mm:ﬂ

ly). As well, room A tended 1o have the highest ratc (mean rates were 272, 259 and

266 L/s, for rooms A, B and C, res
lel-sﬂuuncslhep@amhmmmnwmm&nﬂLlh
sharpest increase occurring from days 15-30. Average piglet mass was not significantly different by treatment

ively). The overall mean veatilation ratc was 266 L/s.

(p=0.14), Mmpql:lmmlﬁkgfnthdhth:mﬂrdndmﬂymmndllt‘hlhnﬂe
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Tabie 116 Mcan total pigict mass (kg). average pigct mass (kg) and average piglet age (d), summarized by
week and treatment

L
VARIABLE CONTROL WEEKLY SINGLE

TOTAL PIGLET MASS

110 (3.6) 102 (1.7) 118 (39.2)
Week 2 171 (28) 141 (0.7) 195 (478)
230 (3.9) 195 (3.2) 2N (56.2)

23 (031) 2.5 (0.001)
Week 2 ' 3.7 (0.27) 3.5 (0.20) 4.1 (1.7)
5.0 (031) 5.0 (0.63)

59 (18) 78 (2.5) 9.2 (6.6)
Week 2 134 (1.1) 143 (3.2) 16.1 (8.1)
Week 3 199 (1.8) 21.3 (3.2) 26 (74)

SEM n parcathes
e .
DISCUSSION
Mecan dust concentrations for the treatments studicd were 1.25, 0.28 and 1.01 particics/mL for control,

weekly and single applications, respectively. During the third wock of study when dust was highcst, pasticie

concentrations ranged from 0.14-5.72 particles/mL. These concentrations are low when compared (o litcrature

valves. Clark and McQuitty (1988) reported mcan respirablc dust concentrations ranging from 1.1 10 7.0
particles/mL in various types of swinc units. A review by DcBocr and Morrison (1988) reportcd mcan arca
respirablc dust concentrations ia hog barns ranging 0.2-0.53 mg/m3. For purposcs of comparison, | mg/m? i
approximately equal to 100 particles/mL (Choiniére and Munroc, 1993). Mcycer and Manheck (1986) measured
total and respirablc dust concentrations in scveral production wmits. They reported a respirablc dust
conccatration of 1.36 mg/m® in a bara monitored in March. Dust level in May was 0.2 mg/m?, They aho
reported that between 45 10 81% of total dust was respirablc.



In this study, dust concentrations were sampled remotcly through 17.7 m of tubing. It was hypothesized
that using this sampling technique resulted in artificially low dust concentrations. Preliminary work with various
lcagths of tubing confirmcd this hypothesis. Therefore, an experiment was designed to quantify this effect. The
following chaptcr will describe the experiment and results. Adjusted dust concentrations will be presented,

compared to the literature valucs and discussed in a later chapter.
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CHAPTER 3 EFFECTS OF TUBING LENGTH ON PARTICLE COUNTS

INTRODUCTION

During the first several weeks of study, uncxpectedly low particlke concentrations were obscrved using
the dust sampling methodology described in the previous chapier. However, when the particle countcr was
sampling from the rooms dircctly (i.c. without tubing to obtain the air samplc), particke concentrations
corresponding to expected levels were obtained. A similar remote sampling techniquc has been used by several
rescarchers (Perkins ct al., 1993; Zuidhof et al., 1993; Feddes ct al., 1991; Taschuk ot al., 1991). However, all
of these studics used a type of sampling tube different to the onc uscd in this study and dust concentration in
those studics was not affectcd by the sampling technique (Feddes, 1993, personal communication). Prcliminary
work comparing dircct vs indircct sampling in this particular situation suggesicd that indircct sampling through
17.7 m of tubing resulted in particle counts that were approximately onc third of those obtaincd by dircct acrosol
sampling. As well, it suggested a lincar relationship between length of tubing and dust reduction. On the basis
of this preliminary work on cxperiment was designed to quantify this cffccat.
ORIECTIVES

1. To detcrminc and quantify the cffect that sampling through diffcrent lengths of tubing had on

obscrved dust levels.,
2. To formulatc an adjustment factor so that results from the application of mincral oil could he

adjusted for this effect and compared to litcrature valucs.

MATERIALS AND METHODS

Experimental Design
To quantify the cffccts of tubing length on particke count, a § x S Latin squarc was designed. Five

lengths of tubing (0, 4.6, 9.2, 13.8 and 18.4 m) were uscd. The order of trcatments is preseated in Table 11-1.
mnmmmdum:leMmZMMdang4uﬂkuudlkm
and 20 obscrvations for cach length of tubing. All replicates were carricd out in the same rooem.

JEncliities aad Equipment

Onc room, containing 6 farrowing cratcs was uscd. A detailcd description of the room is preseated in

n



Table 111-1 Order of treatmests for S x S Latia square

the previous chapter. Five sows and litters (ave pigict age 23 d) were in the room when the experiment was
The particke counter (described in chapter 2) was placed in the room close to the location of the

s—phgmbc.bulﬁmmﬂlulhmmmmm:wmmﬁmm&ﬁby

computcr. The number of particles > 0.5 pm in diameter per 0.01 cubic foot of air were counted as in the

previous study. Counts were not converted (o particles/mL.

Experimental Protecel

onc cad could be comnceted to the adjacent section of hose, and the opposite end could be comnected to the dust
monitoring cquipment without having to move the dust samplcr. The various lengths of tubing used were formed
by joiming the 4.6 m scctions together (i.c. 4 sections were joined to make 18.4 m). Sections were joined by
inscriing the eads of sampling tubc into a 5 cm section of rubber hose. Ends of the sampling tube were
positioncd Mush with cach other (0 simulatc an uncut tube. Dust concentration was measured 0.92 m from the
h-hﬁudihms-thmnﬁy
The required length of tubing was conacctcd 10 the particle counter and an assistant initialized the dust
is a8 8-12 s delay for particics (0 travel through the maximum length of tube. The second coust was recorded
M



manually on a data shect by the assistant, the new kength of tube connected, and the procedure repeated from
the initialization of the samplcr. An aticmpt was made to kecp animal activity at a constant level within cach

time period. lfanmﬁngcpkodebcmpunﬁylhmghnimcpr;ﬁnd.duﬂlcvckwefe:ﬂmedmrﬂmm

squarcs.
Once sampling was completed, dust recovery rates were calculated for all lengths within cach row. The
count obtaincd at 0 m of tubing was assumed to be the truc dust concentration for the row. Percemt dust

recovery was calculated using cquation (I11-1).

where: (1k-1)
c=Particle Count at O meters

Using this formula, percent recovery was 100% when no tubing was uscd.
Siatistical Analysis

Data were amalyzed using analysis of variance. Sources of variation were: replicate (3 df),
time(replicatc) (16 d.1.), order (4 d.f.), lincar effcct of length (1 d.f.), remaining variation duc to kength (3 d)
and replicate by length intcraction (12 d.f.). The lincar cffect represents the lincar regressio
on tubing length. Data were analyzed using SAS (1989, SAS Instituic, Cary, NC).
BESULTS

The lincar effect of tubing was significamt (p=00). Figurc M1-1 illustraics the lincar rclationship

betweea dust recovery and tubing leagth. Percent recovery at 4.6 m was grester than 1005 as dust levels at this
leqhmaﬂyemedcddwlcvclsmded“hmlm Mcan perceat recovery st 18.4 m was 38.5%
(sce Table 111-2). This mcans that the particic counts sampled through this length of tubing were 38.5% of what
tlcyvoddh\ebeeaifloldiqmmaedm!kmﬂ“qeﬁﬁeﬂi For this rcasom, dust levels in the
previous study were artificially low. An adjustment factor was calculated for 17.7 m of tubing by suhatituting 17.7
'nl'orl..‘-lbcrepmioaequaioninlell—l.ﬁﬁ?ieq&dln!kpmcﬂ recovery. Thercfore, hourly

i
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Figure 1111 Regression of percemt dust recovery on tube loagth




where: (f-2)

DISCUSSION
Th:mfmthmdm“mduﬂmmmwllﬂsmphglhmghalmgkigicildzg
unclear. As menioucd previously, this effect was not observed in other studics using a similar remote dust
sampling technique. The effccts observed im this experiment may be wnique to the type of sampling tube wscd
in this study. Alhthb:emnmﬂdum:mm“mrﬂpmﬂkmnm
The particular type of tubing uscd may have developed an clectrostatic charge along the intcrnal surface.
A:piﬂ:desue&mthmn;hlhcmh.mmayﬂh:f:mth:ﬁmwﬂkﬂlhﬂﬂtmuk-glilmﬂ
particke counts. Also, during some prcliminary work for the experiment inn
equipment failurc involving the pump uscd to draw air samples (o the particke counter. The pump was repaired
and restored to working condition. However, sampling through a long section of tuhe such as was uscd in thesc

lving mincral oil, there was an

MMMMIEWE"mﬂﬁEﬁﬁp!lhdﬂmﬁf This may also have
led to the observed effect.

Even though the reason for this reduction is unclcar, the effect appears (0 be consistcnt and was

rescarchers, the dust levels preseated in the previous chapter were subsequently adjustcd for the cffects of tubing
Hﬂdnthﬂﬁyﬂl&mmﬁwmﬂeﬂmﬂﬁm&dmlhﬂmmﬂ
w7 iC ] ‘), =

was 38.5% using 18.4 m of tube.

N

mmhmm&mmmﬂwwmﬁmmﬁmﬂlﬁ
wed in this study. Possible explanations for the cffect include an clectrostatic charge slong the
-n!:dtheiuhunhqmmﬂldmmmhqthumpmthmﬂa
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Therefore, these kevels were divided by 0.38 to adjust for this effcct.
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CHAPTER 4 PRESENTATION OF ADJUSTED PARTICLE LEVELS AND DISCUSSION

.
As shown in chapter 3, sampling through 17.7 m of tubing significantly affected the particle levels

obtained in the experiment involving floor-applicd mineral oil. Although the reason for the observed cffeat is

wnksown, it is clcar that the recorded dust valucs presented in chapter 2 were lower than the actual particle
concentrations in the rooms. In addition, the dust data in chapier 2 were lower than other dust levels in swine
wnits reported in the literature. By quantifying the cffects that tubing excried on particle counts, they were
jons, the

assumed (0 be 38% of the actual dust concentrations. To more closcly reflect actual dust
hourly means from the dust data sct presenied in chapter 2 were adjusted using equation (111-2). This chapter
will summarizc these adjusicd values and compare them with literature values. A discussion of the results will
also be presentcd.
RESULTS

Tabic IV-1 presents the adjusted weekly mean particle concentrations and the range of values of cach
week. Figures 11-5, 11-6 and 11-7 presented the unadjusted hourly means for each 24-h monitoring period for
replicates 1 and 2. Becausce all dust valucs were adjusicd by the same amount, according to cquation (111-2), the

Table IV-1 Weckly mans and ranges for particke concentrations (particles/mL) for control, weekly and singlc
miacral oil applications ia a (arrowiag weit

dust curves presented in chapter 2 would not change in shape but, if they were replotied, the Y-anis values would

go from 0-16 particics/mL, rather thaa from 0-6. Chapter 2 highlights important treads to be noted from these
graphs. Mcan adjusted particle concentrations were 2.2 and 2.1 particles/mL for replicate 1 and 2, respectively
29



and adjusted treatment mcans are presented in Table V-2,

Table IV-2 Adjusted mean particle concentration by treatment for control, weekly and single oil application
in a farrowing unit

The aumber of pigets/room was not constant between rooms, and sometimes varicd withia room from
week to week. Mudhmpazmiumrigmm@ifmlydﬂfmhy!reina!_ However,
there was some sumeric variation in the rates. To account for variation in the sumber of pigicts/room and room

ventilation rates, dust production in particlcs per second per pigict (particles/(s.pig)) was calculated accords

to equation (IV-1).

particie m-lﬂ"."—"‘*%: “l‘; L, mean vensilasion rese L av-n

Tabic 1V-3 preseats mean particle production rates by trestment. Particle production raic was highcst
i the control treatment, followed by the single application treatment. Dust production ratc was expected (0 be
slightly lower in the singlc trcatment as dust concentrations were much lower during the week of oil application.

Table V-3 Mcaa particic production raics (particies/(s.pig)) for comtrol, wockly and singlc oil applications

Table IV-4). Particle production rates increased from weeks 1 1o 3. This indicates that as the piglets increased

41



in size, particlc concentrations also increased. Howeves, mean particle concentration during week 2 decreased
rather than increased in the comtrol treatment (sce Table 1V-1). The reason for the decrease was uncicar.
Noaectheless, the observed decrease would account for the lower particle production rate observed during week
2 of the control treatment. Ventilation rates during week 2 of the control treatment were not higher than those
in week 1 or 3. In addition there was not 8 large change in the aumber of pigiets. Thercfore, the reason for
the observed decrease was unclear.

Table IV-4 Weekly particle production rates (particies/(s.pig)) for control, weekly and single oil applications

14133 (1031) 3900 (1031) 4936 (1031)
9519 (1031) 4492 (1031) 8478 (1042)

32281 (1031) 3063 (1042) 30097 (1031)

Applying oil weckly was an effective means of maintaining low dust concentratioas, as soea in Figures
11-S 10 11-7. Mean dust reduction was T3% for weekly oil application. Dust reduction was 73, 60 and 86% for
weeks 1, 2 and 3, respectively. A similar cffcct was achicved by Takai et al. (1993) who, by applying a rapesced
oil mistwre at 5-30 mL oil/pig daily, reduccd respirable dust conceatration by 76% in buildings housiag piglets.
The same authors reported a similar cffcct in rooms housing young pigs and fattcaing pigs. Mean dust reduction
was 54 and S2% in young and faitcning pigs, respectively. Preliminary work (Takai, 1987) suggested that
applying 40 mL rapesced oil/m? of floor reduced sirborae dust concentrations wp to 90%.

ummamwmmqmu.muwmmbw
Taschuk et al. (1991) applicd canola oil 10 turkey litter weekly at a rate of 0.15 mL/m?. This reselted im a
reduction of respirable dust conceatrations by 7%, from 49 perticics/mL ia coatrol rooms, to 12 pasticles/mL
in oll treated rooms. Other work examined the effects of oiling turkey litter and of veatilation rate on dust
conccatration. Turkeys were housed uader high vetilation-oil, high ventilation-80 oil, low vestilation-oil o low



ventilation-no oil treatments. Canola oil was applicd at a ratc of 0.151 L/m? once weekly. Applying canola oil
to litter was able to reduce respirable dust from 25 10 § particles/mL, an 80% seduction. Increasing ventilation
ratc was only able to affect a 65% reduction in dust (23 to 8 particles/mL low vs high ventilation rates,
respectively). Lowest dust concentrations were found in the high ventilation-oil trcatment. Poorest enviroament,
in terms of dust level was in the low ventilation-no ol treatment (Feddes ct al,, 1991). In both studies where
turkey littcr was oiled, dust concentration was the only air quality parameter affected by canola oil application
(Taschuk ct al., 1991; Feddes ct al., 1991).

There were several small differences in room temperatures between treatments and days as discussed
in chaptcr 2. Any differences that were obscrved are likcly the resukt of differences in ventilation rate from room
to room, or from differcnces in sampling time between days 1 and 2 and day 3. Diffcrences in tcmperatures
were assumed not o influcnce other parametcrs.

Avcrage piglct mass was not diffcrent by treatment (sce Table 11-6). Takai ct al. (1993) stated that
applying a rapeseed oil mixturc to floors in pig barns had no effect on pig performance. Gain,'day and feed
conversion were similar between control and treatment groups. in addition, hcakth status reports from the
slaughter housc showed that there was no difference in health status between pigs on the oil trestment compared
to the control pigs. Similar results have been found with turkeys. Both studics reported no diffcreace in 8, 12
or 16 wk body weights, and there was no diffcrence in fecd:gain in cither rcport (Feddes ct al., 191; Taschuk
et al, 1991). In both expcriments, lungs were removed at slaughter and obscrved for the preseace of lesions.
Feddes et al. (1991) reported kesions in 60% of birds houscd under no oil-low veatilation. Only 20% of bieds
under oil-high ventilation had lung lesions. Taschuk ct al. (1991) did not find any treatment-related differences
in lung lesions in birds on oilcd and non oiled litter. Howcever, these birds were houscd under a higher
veatilation rate (300 L/s) than those in the study by Feddes ct al. (1991). This highcr ventilation rate may be
partially responsible for the lack of differcnce in Icsions between treatments.

Whea pig luags were cxamincd for the presence of oil (Takai ot al., 1993), there was 80 evidence of
resorption of oil 1o the wpper respiratory tract, lymph nodes or lung tissuc. Ol droplets < S pm in dismeter
may travel to the lower respiratory tract. However, no ail droplets were found in the lower respirstory tract

Q9



using a sudan 111 staining technique. Thercfore, it would appcar that the risk of oil being inhalcd by pigs is low.
In the study for this thesis, oil was applicd undcr low pressure to ensure that oil droplets were > § um and were
therefore not respirablc.

Even when particle concentrations were adjusted for the effects of tubing described in chapter 3, particle

particles/mL in the control trcatment, with a range of 1.24-14.83 particles/mL. A report by Pedersen (1989)
statcd that mcan respirable dust concentration in Scottish barns was 0.17 iﬂj/ms, with a range of 0.02-0.4
mg/m’. Using Choinirc and Munroe's (1993) conversion factor prescated in chapter 2, this is approximately
cqual to 2 to 40 particles/mL. Although the percent reduction in dust compared favourably to the literature,
resull. The experiment was conducted during the summer, when the ventilation rate is higher. Minimum
recommendcd ratc in winter is 7 L/(s.s0w) and maximum summer rate is 145 L/(s.s0w) (Agriculture Canada,
1988). Mcan ventilation ratc was 266 L/s. Using a high ventilation rate will reduce dust conceniralions, as

particulates arc morc frequently replaccd by fresh air (Gao and Feddes, 1993). As stated carlicr, Feddes et al.

(1991) were ablc to reduce dust concentrations by 65% by incrcasing ventilation rate. During winter condition
veatilation ratc is probably 1/10 that of the summer rates. Thercflore, dust levels during the winter would more
closcly match literature valucs. Phillips (1986) reportcd that respirable dust concentration during the summer

was approximately 1/3 that of the winter,

As mentioncd in chapter 2, the experimental facility bad a fiktered air, positive pressure ventilation
sysiem. Air is fikcred before entering the rooms. Therefore, any dust in the room is produced by the animals
themsclves as dust particics arc not drawn in from the atmosphere. This may also resukt in lower dust
concentrations than thosc reporicd in other swine units.

In addition, the cxperiment was conducted in a rescarch facility where the standards of hygicnc may be
somcwhat highcr than in commercial facilitics. Alhough farrowing crate floors were not cleancd during the 3
dust Ievels lower than what would exist in similar commercial uais.



This study was done with young piglcts. A dramalic increase in dusi concentration was not scen until
pigs were approximately 3 weeks of age. Monitoring dust when pigs were 4 weeks of age would probably give
dust levels that more closcly match literature values for farrowing rooms. However, despite thesc mean particle
concentrations being somcwhat low, they do compare favourably with those found by Clark and McQuitty (1988).
These rescarchers reportcd a maximum daily respirable dust concentration of 9.1 particles/mL and a mcan
concentration of 7 particlcs/mL in a batch-farrowing unit with raised crates.

Oil appears to be effective in lowering dust concentrations. It cvaporatcs more slowly than water and
may therefore be a good binding agent for dust (Takai, 1987). Particles that comc in contact with oil may
subscquently adhcre to onc another, thereby increasing their sizc (Dawson, 1990). Thesc larger particies will
settle out faster. Oil may also help particles adhere to surfaces and prevent their re-entrainment indo air. Both
of these situations will result in lower conceatrations of acrial dust.

Takai et al. (1993) stated that an application ratc of 5-10 mL oil/pig applicd daily is sufficicat t0 keep
particle concentrations low. This may be of particular importance when mincral oil is used. Oil must be applicd
at a ratc sufficicnt to suppress dust, but at an amount low cnough that pigicts cannat consume quantitics of oil
from the floor. The oil application rate in this cxperiment was 28 and 11 mL oil/piglct, replicates 1 and 2,
respectively. The higher application rate allowed pigs to ingest cnough oil that a laxative cffect was obscrved.
Takai (1987) and Takai et al. (1993) mixed rapesced oil with a soap and watcr mixture in order to dilwtc the oil
and ensurc that a minutc amount of oil was applicd (o the floors. Using a similar techniquc with mincral oil
may also prevent piglets from ingesting large amounts of oil. Vegetable-based oils, such as canola, soybean or
rapeseed, rather than mincral oil, may be ablc (o suppress dust cqually well, whilc not producing adverse side-
effects if consumed. Morc work is nceded to determine how long the dust suppressant cffects last, and to
detcrminc an cffective, economically viable application ratc. By doing this, wc may be ablkc (0 detcrmine an
effective oil application regime that can be automated to control dust in commercial units.

CONCLUSIONS

1. Oil applicd weckly was effcctive in reducing dust concentrations. Mcan dust reduction was 73%

using weekly oil applications. Mcan dust kevels during week 3 were 5.55, 0.77 and 5.46 particies/mL

L]



for control, weckly and single treatments, respectively.
. Applying 24 mL oil/m? was sufficicnt to keep dust levels low while preventing piglets from ingesting
oil.

3. Differcnces in temperatures were the result of differences in ventilation rate. Temperatures only

. Piglct weights were not significantly different by treatment. Mean piglet mass in week 3 was 5.0 kg
for control and weckly treatments and 5.7 kg for the single treatment. Sharpest increase in growth
rate occurred between 15 10 30 days of age. This rapid increase in size may, in part, account for
the large increase in dust from week 2 10 3,

. From the results obtaincd, it is difficult to determine if oil suppresses dust for more than ose week.
Moaitoring twice/wk would more accurately reflect dust suppression over a prolonged period of

time.
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CHAPTER $ EFFECTS OF SOW AND PIGLET ACTIVITY ON AIRBORNE DUST
CONCENTRATIONS IN A FARROWING UNIT

As scen in previous chapters, applying oil to the floors in larrowing rooms is an effective means of dust

partickcs vary widely in compasition and size (Donham ct al., 1986), and within livestock

conirol. Airbornc
caviroamcats, there arc many factors which can influence airborne dust concentrations. To develop more

effective sirategics of dust control, i is important (0 understand the sources of dust and mechanis
it is gencrated (Dawson, 1990). Chapter 1 reviewed the sources of dust in swine barns as well as acrosol
Scveral factors which can influcnce partick: concentrations include temperature, ventilation rate, stocking
density, volumetric airspacc/animal, fecding method, nature of feed, moisture content of litter and animal activity
(Honcy and McQuitty, 1976). Dawson (1990) and MacCormak (1987) statcd that high dust concentrations were
related (o high levels of animal activity and were highest during such husbandry tasks as feeding and weighing
animals. This is supportcd by Cermsk and Ross (1978) who studicd dust kevels in various livestock units during
scveral different hushandry tasks and animal activity levels.  Particle concentrations were the highest during
Animal activily is oficn referred (o as the predominant factor that influcnces airborse dust
conccatrations (Dawson, 1990; Feddes ct al., 1983; Smith ct al., 1993; Honcy and McQuitty, 1979; Takai, 1992;
have charactcrized or quantificd animal activity. Much of the relationship between animal activity and airborse
particle concentrations is bascd on gencral intuition and subjective cvaluation of animal behaviour and activity,
Smith ct al. (1993) mcasurcd inspirablc and respirable dust concentrations during diffcrent periods of
the day. Dust levels were recorded during morning feeding, midday, aflicraoon fecding and overnight in a hog
barn. Dust conceatrations were lowest overnight and highest during fecding periods. Absence of activity
overnight was wied to explain lower dust concentrations, yet 8o attcmpt was made (0 establish activity levels.
Feddes ct al. (1983) nnﬁhﬁmﬂrﬂamﬂmbdﬁuﬂhmwﬂhﬁ

method. In situations of low temperature, it was reported that animal activity was higher, resulling in the higher
-



dust concentrations. In addition, they suggested that dust gcncraling activitics, such as feeding, continuc for
longer periods in continuously lit rooms. However, no direct measurements of animal activity were made. Takai
(1992) evaluated the influence of scveral factors on acrial dust concentrations. He lists several factors influcacing
dust, from greatest to least importance as ventilation type, weight or age of pigs, outsidc temperature, outside
relative bumidity and inside temperature. However, he also states that ansmal activity is a major {actor causing
increased dust emissions, but again no attempt was made (o quantify activity. DeBocr and Morrison (1988) state
that there is a meed for studics where animal activity is quastified and related to acrial dust concentrations.

Pedersen (1993) uscd a passive infrared detector (PID) to monitor pig activity. This instrument detects
motion of objects with a diffcrent tempceraturc than that of pen surfaces. Particke concentrations were monitored
simultancously. Using this method, R? ranging 0.61-0.85 between animal activity and dust concentration were
reported. This mcans that animal activity accounted for between 61-85% of the variation in dust. This chapter
of the thesis not only examincd the rclationship between animal activity and dust levels, but also studicd the
influence that specific animal activitics had on particlc levels.

ORIECTIVES
1. To quantify sow and pigict activity.
2. To relatc animal activity to dust concentration.

3. To detcrminc which activitics most strongly influcnce airbornc dust concemirations.

MATERIAL AND METHODS

Experimental | acility
This study was also conducted at the Centre for Food and Animal Rescarch swine facility in Nepean,

ON. It was conducted between August and October, 1993, under typical Ontario carly fall conditions.

Onc sow and her litter were houscd in a room mcasuring 3.6 x 6.0 x 2.2 m. The animals were houscd
'nam'ledhrmin'pcn.wilbdincuiousofm:xl.7mequippedwilhafmowiagcmc. The pea floor was
plastic coated cxpendcd metal with 80 solid portions and was raiscd 30 cm above the room floor. The veatilation
system was ideatical to that described in chapter 2. The sow was fcd once daily at 13:00 and crecp focd was
provided for piglets ad Gibitum. Animals werc houscd under continuous light.



Two video camcras, cach with a 16 mm lens were focuscd on the farrowing crate, onc over cach creep

arca and were positioncd so that all of onc piglct crecp arca and a portion of the sow arca were recorded (sce

Figurc V-1). A third vidco camera, cquipped with a 12-75 mm zoom lens was focused on a particle counter

(Climet Instrument Co., Redlands, CA) in order to record the dust concentration (>0.5 pm diameter). All three

camcras were coanccicd (0 a quad splitter (Burle, Model TC 1474) to record all three images simultancously.

The quad splitter was connccted 1o a time-lapse video cassette recorder (Panasonic, AG 6720). Both picces of

cquipment and a video moaitor were housed on a cart that was moved into the room on the day of recording.

A microphone was suspended above the sow and connected to the VCR to record animal vocalizations. The

particic counter was positioncd on a sccond cart, 2.5 m away from the centre of the farron

ing cratc. No

sampling tube was connccted to the instrument. In addition to being recorded on video tape, particle counts

were collccied and stored on disketic using an IBM PC. Scc Figure V-1 for the location of sampling equipment.
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Exserimental Pretocsl

into the room a week before the monitoring period 10 allow dust to accumulate. Three days before monitoring,
daily room washings were discontinucd to ensurc adequate dust levels, On the monitoring day, the carts with
vidco and dust sampling cquipment were positioned in the room as shown ia Figure V-1. Vidco cameras were

connccied and animal activity recorded continuously for a 6-h period. Number of pigs, pig age, sow and ltter

that was continuously recorded on the video tape. Dust and video equipment was shut off aficr 6 h and the
particle counts copicd to a diskette. The following day, pigicts were weancd and the sow removed from the
room. The room was then thoroughly cleancd. This procedure was repeated a total of three times, when a litter

Dust concentration was plotted vs time (scc Figure V-2) and a consceutive 3-h period containing the
greatest variation in dust concentration was sclected for activity scoring.

As described in chapter 2, the particle counter took 36 5 to complcic a coust. In between counts is a
3-4 3 delay. During this delay, the COUNT light on the particke countcr extinguishes. Pig activity was scored
during this period when the light was extinguishcd. The corres
Piglet and sow activity was divided into several catcgorics. In the casc of pigict hehaviour, the catcgorics arc
mutually exclusiv
mﬁwﬂyﬂnme@@gm“rﬁcihrlﬁrﬂ.ﬁcmﬂsa:lwiymhulghphpﬂlidl-

¢, and the aumber of piglets engaging in cach activity calcgory was recorded. In the case of

In addition to these scores, a further variable was calculated. Proportion active was the percest of visible
piglets active and was calculated accordiag to cquation (V-1).
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Table V-1 C&emaﬁmmugdgimmﬂm tvi

Pig Lying Active - pghm:lkrﬁﬂmmndg.:pﬁmnkﬂﬁdn
are scored in the previous category

Pig Standing - pigict on all fours, cither walking or standing still
in 1o or omt of sow feeder

Pig on Udder - piglct activcly cagaged in cither suckling, competition for

Sow Sitting - sow raiscd up on forc legs, posicrior extremitics are om floor

Nursing Episode - half or morc of piglets in littcr actively engaged in massaging

Data were amalyzed using multiple regression. Litter was introduccd as the first variable, so that the

remaining variation was within litter. Remaining variables were then introduccd in a stcpwisc manncr (& =0.15).

mmddamdmmexﬂamdbymhﬁnﬁmm:ﬁﬁugmmdﬂbﬁlﬂ

within-litter variation that cach varisblc contributcd on its own. Computations were made wsing SAS (SAS
Institwte, 1989, Cary, NC).
RESULTS

Table V-2 shows experimental data on the litters obscrved. Figure V-2 shows typical variation of dest
withia 2 6-h period. A graph of this aaturc was plotted for each litter 10 scloct the 3-h period for activity
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By removing litter cffects, an R? of 025 was obtaincd with the unadjusted data. This means that
differeaccs between litters explained 25% of the variation in dust. Tablc V-3 presents the Pcarson correlation
cocflicicats for within-littcr variation.

Table V-3 Squarcd Pcarson partial correlation cocfficicnts with particle conceatration of within-litter variation

Each of the Pearsor relation cocfficients indicates the within-litter variation accounted for if the
varisblc is catered into the model on its own. Fummplc.lmcmlﬁdeuodylhcnmbudpbm
Mdtkvuiaioaiapmidcmmioakaplm

In sddition, data were amalyzed wsing stcpwise regression of within-lttcr varistion in order (o determiac
which activity catcgorics were most important in iaflucncing dust concentration (sec Table V-4), The partial R?
Wastrated the additional amount of variation explaincd, provided that the previous variablcs have beea eatered
into the model.

Proportion active took all of the piglet activitics into sccount. Whea litter cffect was accownted for, the
proportion of pigicts active explaincd 20% of withia-littcr variation (p=0.0001) (sce Table V-5).



inactive, the lower the particke concentration. This agrees with the results of Smith ct al. (1993) (sce page 48).
Amli:dmhekemaedﬁﬁsemmwmmkrhwms—diymdymm
udﬁlermhmednlbermngidduﬂkwkwnhkelyddﬂdbylhgluprmmHmdbl:g.
liﬁ:ﬁ:&gﬂhﬂb@bﬂﬂiﬂﬂdﬂﬂyﬂmm Litter effects explained 25% of
varistion in dust. Mmldb:lhemnhdiﬂennmmlhmhrd@gq:mwﬂdpﬂg;m
differences in gencral activity between ltters, The proportion of active piglets cxplaincd 29% of withia-litier
loa. Using PID, Pederscn (1993) obtaincd R valucs of 0.61, 085 sad 0.67 between pig activity and dust

and activity were plotted v time, a time lag opposite 10 the one obscrved here was found. In Pedersca’s report,

1



incrcases in dust concentration were found to precede increascd activity. The oppositc was reported here.
Increases in dust concentration followed increased activity. R? values in this study arc much lower than those
reportcd by Pedersen (1993). There arc 2 rcasons for this. One is the time dclay between dust gencration and
its delcction by the particle counter, discussed carlicr. The second reason is that particle counts remain clevated

| period aftcr activity has returned to low levels. Both of these factors combined to lower the

for a prolonge
amount of within-littcr variation cxplained by cach variable.

The cventual decreasc in particle levels seen in Figures V-3 to V-5 was probably the result of particles
being removed by ventilation rather than by settling on o surfaces. This indicates the need for effective dust
control cven aficr periods of intense activity. This may be of particular importance in farrowing units. Although
nursing was not onc of thc morc important activitics in gencrating dust, nursing episodes did result in increased
partick concentrations. Once litter cffects were removed, number of pigs on the udder was the second variable
to cater the stcpwisc regression, afier pigs quict. Most of the spikes in dust concentration occurred during a
nursing cpisodc. Dust concentrations may just be beginning to return to low levels when activity increases and
subscquently incrcascs the dust concentration. Thercforc, the nced to coatrol airborne dust during the entire
day may be important to protect the health of swinc labourers in these environments. In the case of older
animals, activity levels may be high only during periods of human activity, such as feeding, weighing or other
handling of animals. In thuse situations, applying a dust suppressant such as oil before these periods may be all
that is required to protect worker heakh.

There arc many methods available 10 monitor animal activity. Pedersen (1993) suggests that video
recording is 100 tim: consuming to establish a relationship between activity and dust concentrations, Noisc
recording can be uscd as an indircct measure of activity. However, there is a low correlation betweea noise
levels and animal activity (Pedersen, 1993). Feddes ot al. (1983) sttempted 10 record sound as a means of

imal activity. However, this was unsuccessful duc to excessive background moise and cross-

scasitivity between rooms. Sound was originally recorded in this author’s study to aid in distinguishi
succcssful and wasuccessful nursing cpisodes. During a successful milk ejection, frequency of sow vocalizations

increascs (D. Frascr, personal commusication, 1993). However, this techniqu



During a nursing period, background noisc was oficn high cnough to obscure sow vocalizations. In addition,

regardicss of whether nursing was successful, piglet activity levels were similar and therefore determining success

of nursing was discontinued.

Although time consuming, vidco recording is a valuablc tool in relating animal activity and dust. Honcy

and McQuitty (1979) list scvcral factors that influcnce particle concentrations from greatest to least importance

as:

animal activity,

temperature,

relative humidity,

amount of feed fcd,

fceding method,

pig weight and

airflow ratc.

This study indicates a rclationship between piglet activity and particle concentration docs exist,

LONCLUSIONS

L. Litter effects explaincd 25% of the variation in dust. Differences between litters may be the result
of differenccs in thc numbcr, age or weight of piglets.

2. Number of piglcts lying quictly explaincd the greatest amount of within-littcr variation and was
inversly rclated to dust levels. When considered on its own, number of piglets lying quictly gave
R%= 0.46. When entered into the model in a sicpwisc manncr, it was the first variablc to cater and
resulted in a partial = 0.3,

3. Number of piglets standing or cngaged in intcnsc activity also accounted for large variations in dust
concentrations. When entcred into the model on their own, piglets standing and those in istense
activity gave R%= 0.29 and 0.14, respectively. When considered in a stepwise fashion, pigs on the
udder was the sccond variabic to enter the model, and partial 2= 0,03,

4. Sow activity cxplaincd little of the within-littcr variation in dust. When cach varisble is comsidered
on its own, R?=0.03 for standing and lying both, and 0.01 for sitting. When catcred in 8 siepwisc
fashion, partial r? for within-litter variation was 0.01 for sitting.

3. Using proportion of pigs active may also be uscful in relating animal activity and dust concestration,

»



Proportion of visible pigs active explained 29% of within-liticr variation.
6. Therce is a strong relationship between piglet activity and dust concentration. Highest dust levels

occur during periods of high activity and remain elevated for a prolonged period.
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CHAPTER 6 GENERAL DISCUSSION AND CONCLUSIONS

Alhough intensification of livestock housing has facilitated morc efficient use of labour, it presents

humans in these cavironments. Time weighted average exposure limits are 10 and 5 mg/m? for total and
respirablc dust, respectively (OSHA, cited by Choinitre and Munroe, 1993). However, Donham et al, (1986)
gically active dusts such as those

suggest that exposure limits for nuisance dusts may not be adequate for biolo
present in livestock barns. In order (o better protect the respiratc - health of labourcrs and animals, they
recommend lower exposure limits, shown in Table 1-5 .

Scveral years ago, the main health and safcty concern in agriculture was that of farm accidents. Now

howcver, strong cvidence cxists (o suggest that farm labourcrs have a higher incidence of respiratory disability
than industrial workers (Hcllickson ct al., 1989). Major respiratory symptoms of swinc workers included cough,
chest tightness, cxcess sputum, wheezing and shoriness of breath (Donham and Gustaffson, 1982). Symptom

scverity and incidence increased with smoking and also as the number of pigs raised increased (Donham, 1967;

Dosham and Gustafison, 1982; Donham ct al., 1990). In addition, current smokers had more frequent
and reactive symploms than non-smokers (Donham ct al., 1990). However, Donham and Gustaffson (1982)
reporicd no corrclation between worker age, number of hours worked/wk, type of building or operation and

pulmonary scorc. In a survey of turkey labourcrs, Hellicksom

cven though the air quality was often poorest in this barn. However, a study of self-reported behaviours of swine
workers fouad that < 20 % worc masks regularly (Gjerde et al., 1991),

hMﬂmh&hpﬂqhx(Feﬁgdﬁiglszgﬂilﬂl)gmh:hﬁiebng



(Takai, 1987; Takai ct al,, 1993). In all cases, applying oil was able 10 reduce dust.

This study was conducted (o examine the effect of floor-applicd mincral oil on dust concentrations ia
a farrowing unit. Oil was applicd weckly or applicd once during a 3 week period. During the course of
preliminary work, it was discovered that sampling tcchnique was having a ncgative cffect on particle counts
obtaincd. Thercfore a 5 x 5 Latin square design, using 0, 4.6, 9.2, 138 and 18.4 m of tubing was performed 10
quantify the cffect that sampling technique had on particle counts. Particle counts obtained using the remote
mﬂut@mud@aﬁeﬂwum&ﬂ%dwﬁdl&ymummlfnoluhlgmus:d The reason
for the observed cffcct was unclear, and is belicved to be unique to the particular type of tubing uscd in this
study. Results from the experiment involving mincral oil were adjusted for this effcet. Applying oil weekly

resulted in a mean reduction of respirable dust by 73%. An application ratc of 24 mL/m? was sufficient to

Mecan dust concentrations were 3.2, 0.7 and 2.6 particles/mL for control, weckly and single applications,
respectively. However, carc must be tsken when applying oil 10 control dust. Oil must be applicd at a ratc and
in a manncr which docs not make floors noticcably slippery for the animals. Morc work is needed 0 determine

application ratcs and regimes that will ensurc dust control while using a minimum of oil, Vegetablc based oils

also be a morc incxpensive alicraative to mincral oil. Additional work testing oil's cffcctivencss in othcr uaits
such as weancr and grower-finisher facilitics may also be necded before this technology is widcly adopied.
However, to develop effective particle control stratcgics, it is importamt (0 understand the means of
airborne particlc gencration and the factors that influcnce dust concenirations. Many factors can influcace dust
and oftcn animal activity is reported as a major causal agent of clevated concentrations. In spite of this, few
studics have quantificd animal activity and related it 10 acrosol concentrations. Chapter 5 describes the
experiment conducted to cxaminc the relationship between animal activity and dust. The aumber of pigs in cach
activity category was recorded, and sow activity and nursing cpisodes were recorded. In addition, the proportion
of visiblc pigs active was calculated from all pight activity categorics. As shown in figures V-3-5, a sirong
relationship between pigict activity and dust concentration exists. The mumber of pigs quict explaincd the
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of visiblc pigs active explains 37% of within-littcr variation. This is lower than that found by Pedersen (1993).
Using a passive infrared detector, he found an R? of 0.61-0.85 beiween pig activity and acrial dust. However,
in the

the PID systcm is onc of motion detection rather than actual activity classification and this may help exy
difference in resubts.

Variations in animal activity do cxplain large fluctuations in particle concentration. Therefore it may
be possible to devisc dust control strategics that are activated before periods of high numan or animal activity,
such as fecding, weighing or moving pigs. For cxample, in a system where oil is applied to floors, the spraying
systcm could hc mechanized and put on an automatic timer. The timer could be set to come on during a period
of high activity, such as when lights come on, or just prior to feeding. This would aid in keeping particle

conccatrations low during the work day and may improve animal respiratory health as well. From these studies,

of swinc housc dusts. It is important that low-maintcnance, casy to use methods to improve air quality within
livestock barns are developed. A system of floor-applicd oil could be casily mechanized and timed automatically

to provide a kw maintcnance, cffective means of controlling respirable dust concentrations in swine baras.
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APPENDIX FOR CHAPTER 2

1. Calculation of Oil Application Ratc for Room with 6 Farrowing Crates per Room

MﬂhmwﬁSmm“-mu
. applicasion rate 7
250 mljcrate g\ p oiffm?
4.12 m?/crame
Smlmmlnﬂﬁmqlsﬂ
6lmL/m*x3.39 m?=207 mL oil/crase

2 Cakulation of Application Rate Used in Replicate 2

using 100 mL/crase in rooms with S crates/room
100 mL/crate 24 mL/m?
4.12 m?/crate
=~ in room with 6 craves|room
24 mL/m?x3.39 m?/crate=81 mL/crate

3 Calculation of Factor to Convert Particles/0.01 CF to Particles/mL

001 CF 1m® 1000 L 1000 mL

p-idﬂﬂm M3ICF 1~ 1L

. particles . nongy . parsicles
B YT~ Jittaaaddar)



