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Dunlea, A.P. and Dodd, V.A. 1996. Respirable dust control in a
scale-model horse stable using filtration and mechanical ventila
tion. Can. Agric. Eng. 38:215-221. Respirable dust levels were
studied using a model stable in which mechanical ventilation, filtra
tion, and designed air flow were used for respirable dust control.
Various inlet ventilation and exhaust fan operating levels were
tested. Different bedding materials and stable door configurations
also were tested. The model was adapted to include an inlet distribu
tion ceiling attic to diffuse the inlet air in a downward direction
throughout the stable. The inlet air was delivered through a series of
filters by an axial inlet fan to the distribution attic. Two exhaust fans
were located at the side walls of the chamber near the floor. Tests
showed that the respirable dust levels within the stable remained low
« to counts/mL) although the respirable dust levels at the incoming
inlet ventilation position varied widely. Bedding of straw, shredded
paper, and wood shavings was evaluated by agitating the individual
bedding material and recording the level of respirable dust at 3 min
periods. The control system reduced to low levels « 10 counts/mL)
within 12 min for both straw bedding and shredded paper. Wood
shavings produced little respirable dust.

Des experiences ont ete realisees afin d'analyser Ie niveau de
poussiere respirable dans une etable modele dans laquelle etaient
installes un systeme de ventilation mecanique, un systeme de filtra
tion et un systeme de circulation d'air cree specialement pour
I'experience. Plusieurs systemes de ventilation -admission et echap
pement d'air - ont ete testes ades niveaux o¢rationnels diffcrents.
Des materiaux Iitieres ainsi que plusieurs formes de portes d'etable
ont ete egalement verifies. L'etable modele a ete adaptee pour inclure
un plafond de grenier avec un systeme de distribution d'air permet
tant de diffuser I'air d'admission vers Ie bas it travers l'ctable. L'air
d'admission a ainsi ete transportee it travers une serie de filtres grace
it un ventilateur axial qui a inspire l'air pour l'emmener jusqu'au
grenier de distribution. Deux ventilateurs d'echappement ont etc
postillonnes sur les murs lateraux Ie long de la chambre acote du sol.
Les experiences ont montre que Ie niveaux de poussiere respirable
restant a I'interieur de l'etable etait reste bas « to mL/chro
nometrage) meme si Ie niveau de poussiere respirable variait
largement au niveau du ventilateur d'admission d'air. Les litieres de
paille, de papier dechiquete et de copeaux de bois ont etc evaluees en
agitant Ie materiel de litiere individuellement et en enregistrant Ie
niveau de poussiere respirable par intervalle de trois minutes. Pour la
litiere de paille et de papier dechiquete, Ie systeme de verification a
reduit Ie taux de poussiere a des bas niveaux « 10 mL/chro
nometrage) en moins de 12 minutes. Quant aux copeaux Ie bois, ils
ont produit tres peu de poussiere pouvant entrer dans Ie systeme
respiratoire.

INTRODUCTION

The problems of dust associated with the stabling of horses
has been discussed in a previous paper, Dunlea and Dodd
(1995), and the necessity to achieve a clean environment
within the horse's stable has also been advocated by other
authors.

Much has been written concerning the threshold limit
values of dust for humans with ~articular reference to 'farm
ers' lung'. A figure of 10 mg/m as the threshold limit value
for total dust has been cited by many authors including
ACGIH (1986), Wathes et a1. (1983), Crichlow et a1. (1980),
and Woods et a1. (1993). A figure of 5 mg/m3 of respirable
dust was referenced as a threshold limit value (TLV) by
Maghirang et at. (1991). Little research has been conducted
on the threshold limit value for horses. McPherson and
Thomson (1983) suggested that "a retrospective diagnosis
may be made by assessing a horse's response to a controlled
environment". Webster et a1. (1987) stated that "McPherson
et at. (1979) were able to induce acute increases in in
trathorasic pressure changes during respiration (indicative of
Chronic Obstructive Pulmonary Disease (COPD» by expos
ing sensitive horses to 12 mg of A. fumigatus or M. faeni
aerosol over 20 min. Assuming as a first approximation that
an aspergillus spore weighs 3.6 x 10-8 mg and that a quarter
of the spores generated by McPherson et a1. (1979) reached
the lower respiratory tract, their horses were being chal
lenged by 0.15 mg or 4 x 106 particles/min. This corresponds
to 33 counts/cm3 air and may, pending better evidence, be
taken as a somewhat arbitrary threshold limit value for
particles in stable air". This tentative threshold limit value
proposed by Webster et a1. (1987) should be interpreted
taking account of the assumption that 28% (by weight) of
spores in the intake air reached the lower respiratory tract, an
inhalation rate of approximately 90 L/min and a unit density
of spores of 3.6 x 10-8 mg/spore. Clarke (1993) also com
mented on the work of McPherson et a1. (1979) stating that
the exposures of experimental animals to the spores, although
capable of inducing disease were not threshold limit values.
"Furthermore, the TLV of stable dust which will induce
COPD in an asymptomatic horse should be seen as a value
separate from the TLV for stable dust which will sensitise or
establish an allergy in a horse to stable dust" (Clarke 1993).
Clarke (1993) further stated that it was not possible to relate
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Fig. 1. Model stable (chamber) and dust control system.
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MATERIALS AND METHODS

Model stable set up

Figure I shows the outline of the model stable together with
the dust control system. The chamber measured 4200 mm
long, 2450 mm wide, 1800 mm to the eaves and 2080 mm to
the apex from the floor. Two sides of the chamber were
constructed of 19 mm marine plywood and two were con
structed of 7 mm plexiglas. The structure w~s supported
externally by 95 mm x 70 mm wood beams. A door was
located at one end wall and measured 720 mm x 1480 mm.
The door could be adjusted to three positions: open, half
open, and closed.

The sampling point within the model stable was located
1.0 m above the floor and in the centre of the model chamber
floor (Fig. 2). The incoming air was monitored by placing a
sampling tube at the inlet position upstream of the inlet fan
and filters. Figure 2 shows the sampling positions within the
chamber.

Pertoraled Ceiling Tent L--f.-..../o
8 0N@

the TLV for humans to that for horses as the stable horse may
be exposed to the challenge of dust for 22 - 23 hours per day,
seven days a week, a view also shared by Woods et al. (1993).
The tentative TLV of 33 counts/mL proposed by Webster et
al. (1987) is to date the only figure suggested for horses.

The control of dust within the horse's stable by means of
natural ventilation has been advocated by Webster et al.
(1987) while Woods et al. (1993) discussed the advantages of
dust clearance using mechanical ventilation. Little considera
tion has been given to the quality of the outside incoming air
with respect to its dust concentration. Webster et al. (1987)
assumed that the concentration of respirable particles in in
coming air was 5 counts/mL. Little consideration was also
given to the airflow pathway by which ventilated dust left the
horse's stable. Natural ventilation allows the dusty ventilated
air to pass the breathing zone of the horse. Woods et al.
(1993) made little reference to the airflow pattern associated
with the mechanical ventilation system, however much em
phasis was placed on the breathing zone of
the horse with regard to the inhalation of
respirable dust.

A model stable (approximately one half
scale to the normal stable size) allowed test
ing of a dust control system using different
bedding material as sources of dust within
the chamber. The dust control system incor
porated a designed airflow pattern by
means of mechanical ventilation and inlet
air filtration. The use of inlet air filtration
was considered a necessary part of the dust
control system as outside incoming air may
contain high levels of respirable dust, Dun
lea and Dodd (1995).

Conventional thinking regarding dust con
trol for horse stables has been mainly reliant
on natural ventilation; however, the results
presented by Dunlea and Dodd (1995)
showed that the outside incoming air may
contain levels of respirable dust far in excess
of a desired internal horse stable level. The
effect of conventional bedding materials on
the dust level within the stable using this
integrated dust control system was tested as
most conventional bedding materials produce
dust. The concept of combining inlet air filtra-
tion with a designed air flow pattern to ensure
that the normal breathing zone of the horse
will be supplied with filtered air and that any
dust produced from the bedding material will
be ventilated away from the breathing zone of
the horse required investigation. The objec
tive of this paper was to test the ability of this
integrated dust control system to effect an
internal stable environment of low dust levels
and to consider the effects of inlet ventilation
rate, outlet fan activity, bedding material, and
stable door configuration on such dust levels.
This paper reports results of this dust control
system using air filtration and mechanical
ventilation.
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Instrumentation

The respirable dust levels within and outside the model stable
were monitored using the same system as described by Dun
lea and Dodd (1995) which included a particle counter (1-liClc
Royco Model 1200 Pacific Scientific, Menlo Park, CAl. This
instrument enabled detection of particles with an aerody
namic diameter of greater than 0.5 J.l.m. The particle counter
model was selecled to cope with the large volume of dust in
the horse stable environment. A flow rate of 2.8 L/min was
used. The low now rale allowed the counting of large particle
numbcrs and avoided the possible problem of multiple imag
ing. The counier was controlled by a mainframc (Hiac Royco
Modcl 4150 Pacific Scientific, Menlo Park, CA). The main
frame also controlled a scanner (I-liac Royco Model 160
Pacific Scientific, Menlo Park, CA) which allowed air sam
ples to flow through a manifold (Hiac Royco Model 161,
Pacific Scientific, Menlo Park, CA. Up to ten different sam
ple ports were available using the manifold and the scanner.
Data were recorded on a data logger (Model Tracker 1350
Data Track Technology Ltd., New Milton. Hampshire, UK).
Air samples were obtained using 12 mm pl<lsticizcd vinyl
tubing with a high purity inen intemalliner of Hytrel polyester.

Air was sampled for I min at each sampling point with another
minute of purging of the sampling tube prior 10 the recording of
the data. The sampling of long duration tests \Vas donc every hour
while shon duration tests were done every 3 min.

Method

A perforated ceiling tent was used to diffuse the incomino
fillered air throughout the chamber. The tent was scaled I~

fonn a triangular cross-section with a 178 mm diameter inlet
at onc of the eaves. The other eave side of the ceiling lent was
sealed. The underside of the tent was perforated with 14 111m
dial11eter holes evenly spaced to fOlm a lattice of holes 300
111111 by 150111111. The tent was suspended by its ridge frol11the
underside of thc apex of the chamber and the perimeter of the
tenl was attached 10 Ihe sides by means of hooks secured to
the sides of thc chamber. These hooks ensured that Ihe under
sidc of the lent could be stretched 10 form an even surface as
a perforated ceiling. Galvanized wire (2 ml1l diameter) was
strclchecl across the ceiling every 500 mm 10 cnsure that the
ceiling did not sag. Figures 1,2, and 3 show the position of
the perforated ceiling tenL

The incoming air was filtered by a series of filters using a
bag filter 1110dell-ll FLO 95 and secondly by an absolute filter
1110del ABSOLUTE (both by Sofiltra-Camfil, Clonshaugh
Industrial Estate, Dublin, Lreland) and were housed in type
FC-I-IF and FC-A housing units, respectively (Sofiltra
Camfil. Clonshaugh Industrial Estate, Dublin, Ireland). The
filter housing was connected to the diffusion tent by a 178 mm
diameter flexible duct.

The inlet air was forced through both filters by means of a
510 111m diameter, 0.58 kW axial ran (Model E500/4 New
Euroseries Zeihl Abegg, Roof Units Group, Dudley, West
Midlands, UK). This fan unit was controlled by a variable
speed controller (Model SPC 5050, Dan Chambers Ventila
tion. Glassnevin, Dublin, Ireland.) The location of this fan is
shown in Fig. I.

Two 260 111111 diameter 39 W axial fans (Model E200/4.
New Euroseries Zeihl Abegg. Roof Unils Group, Dudley.

f
- ['. .

Interior of chamber showing shredded paper as bedding material.

CANADIAN AGRICULTURAL ENGINEERING Vol. 38. No.3. July/AugliSI/ScplclIIocr 1996 217



Fig. 3. Exterior of chamber showing wood shavings as bedding material.

West Midlands, UK) were used for exhaust air. These fans
were controlled by a step com roller (Model RE26, Zeihl
Abegg, Roof Units Group, Dudley, West Midlands, UK). The
fans were located approximately 500 mm above Ihe noor of
the unil midway along the front and rear sides of Ihe chamber
(Fig. I).

The sizing of the inlet and outlet fans and the fillers was
selected 10 enable full scale tesling at a later slage Ihal
requires a minimum venlilalion of 2 air changes/h and a
maximum of 40 air changes/h. The maximum exit velocily at
the openings in the perforated ceiling was 5.0 mis, which
would be considered high. However, Ihis high exit velocity
was quite low when monitored 0.3 m from Ihe perforaled
ceiling openings using a hot-wire anemometer (Salomat
MPM 500e, Ncotronics N.A., Norwalk, CT).

The volume of the model stable was 18.5 m3 and the varied
parameters lested are shown in Table 1.

Different bedding materials, straw, shredded paper (Fig.
2). and wood shavings (Fig. 3) were tested over periods of

Table I: Summary of parameters tesled in the model
stable

Inlel ventilation r.Ues 2420

• Outside air
• Inside air

1612

Time (h)

8

RESULTS AND DISCUSSION

Respirable dust levels in chamber with zero
bedding, inlet ventilation rate of 1.12 111 3/5, outlet
fans off, and door half closed using outside air
and inside air.

50
:J"
E- 40'"-c:
::l
0.e. 30
U;
::l

" 20
CIl
:c
'"~ 10.0.

'"CIl
a:

0
0 4

Fig. 4.

The effect of zero bedding on dust level is shown in Fig. 4.
The inlel air and the chamber were sampled every hour for
23 h at the slaled operaling conditions of 1.12 m 3/s with the
oUller fans off and rhe chamber door half closed. The ourside

time. Zero bedding condition was also tested over extended
periods of time. The chamber door was operated in different
configurations, half closed or fully closed.

OUIlel fan
activity

OmOn/On FaSl
OmOn/O" FaSl
Off/On/On FaSl

130
217
326

Air changes/h

0.67
1.12
1.67
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Fig. 7. Respirable dust levels in chamber with straw
bedding, inlet ventilation rate of 1.12 m3/s, and
door half closed with outlet fans off, on, and
on fast.

25

Fig. 6. Respirable dust levels in chamber with zero
bedding, inlet ventilation rate of 0.67 m3/s, outlet
fans on, and door half closed using outside air
and inside air.

The use of a higher inlet ventilation rate of 1.67 m3/s, with
the chamber door fully closed (Fig. 8) gave results similar to
those reported previously. Similarly a steady state of low
respirable dust level was achieved after approximately 9 min
post agitation of the straw bedding. Again there was very
little difference between the the outlet fans activities and
their effect on the level of respirable dust in the chamber. The
magnitude of the initial respirable dust level at agitation was
different for all tests in both Figs. 7 and 8, as levels of almost
180 counts/mL were recorded in Fig. 8.

The use of shredded paper as a form of bedding for horses
has become popular in recent years. High levels of respirable
dust were generated during its agitation. Figure 9 shows the
effect of operating the system at an inlet ventilation rate of
1.67 m3/s with the door half closed and the outlet fans on. A
maximum level of respirable dust of approximately 240
counts/mL was recorded during agitation of the shredded
paper bedding. Negligible levels of respirable dust were re-

2420

• Outside air
elnsldeair

8 12 16

Time (h)

4

Fig. 5. Respirable dust levels in chamber with zero
bedding, inlet ventilation rate of 1.67 m3/s, outlet
fans off, and door fully closed using outside air
and inside air.

Operating the outlet fans showed little effect on the level
of respirable dust within the chamber « 5 counts/mL) with
the chamber door half closed and a ventilation rate of 1.67
m3/s as shown in Fig. 6. Under these conditions, levels of
outside respirable dust levels were considerably lower than
the previous tests and, after approximately 12 h, the level of
respirable dust outside the chamber was very similar to the
level of dust within the chamber.

The emphasis must be placed on the consistent low level
of respirable dust inside the chamber rather than the variable
level of respirable dust in the outside air as it is the level of
respirable dust within the stable that will effect the health of
the horse. .

Figure 7 shows the effect of generating a high level of
respirable dust within the chamber by agitating the straw
bedding material violently. This action simulated the muck
ing out process in a stable. The ventilation systems were
activated as of time zero and had a marked effect on the level
of respirable dust within the chamber. The high initial level
of respirable dust was reduced to a low level within approxi
mately 9 min when the inlet ventilation was 1.12 m3/s and the
door half closed. Once a steady state was achieved within the
chamber, there appeared to be little difference between the
three different operational parameters. The initial respirable
dust levels also varied between each other as this may have
been due to the level of agitation of the straw bedding asso
ciated with each test.

air quality varied throughout this 23 hour test whereas the
level of respirable dust within the chamber remained at less
than 5 counts/mL throughout the test period.

A similar result was recorded in Fig. 5 using a higher
ventilation rate of 1.67 m3/s and the chamber door fully
closed. Figure 5 shows results of the system operating at 1.67
m3/s with the outlet fans off. Almost negligible respirable
dust levels were recorded within the chamber throughout the
test period of 24 h even though the outside air recorded
variable levels of respirable dust with a maximum of approxi
mately 48 counts/mL.
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Fig. 8. Respirable dust levels in chamber with straw
bedding, inlet ventilation rate of 1.67 m3/s, and
door fully closed with outlet fans off, on, and
on fast.
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Fig. 10. Respirable dust levels in chamber with shredded
paper bedding, inlet ventilation rate of 1.12 m3/s,
door fully closed, and outlet fans off.
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Respirable dust levels in chamber with wood
shavin§s bedding, inlet ventilation rate of
1.12 m Is, door half closed, and outlet fans on.

during agitation of the wood shavings. A maximum level of
approximately 28 counts/mL was recorded in Fig. 12 during
agitation of the bedding material. Lower levels of respirable
dust were recorded some 12 min after agitation of the bed
ding material in both figures.

These results show an encouraging level of respirable dust
control within the chamber and require further investigation
using full scale stables with horses. The present preferred
method of dust control for horse stables recommends the use
of natural ventilation to clear any dust arising from within the
stable and in particular arising from bedding material (mainly
straw). Natural ventilation as a means of dust control has the
disadvantage of clearing respirable dust from the stable past
the breathing zone of the horse and thus exposing the animal
to potentially unnecessary levels of dust. Natural ventilation
also relies on the incoming air to be dust free; this assumption
has been shown to be unreliable in some locations. A novel
approach to solving this problem was addressed by the
authors and the results show enough potential to proceed to
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Respirable dust levels in chamber with shredded
paper bedding, inlet ventilation rate of 1.67 m3/s,
door half closed, and outlet fans on.
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corded within the chamber after approximately 9 min post
agitation of the bedding material. Figure 10 shows a similar
trend to Fig. 9 with a longer time to attain a negligible level
of respirable dust. A maximum level of respirable dust (250
counts/mL) was recorded at agitation of shredded paper as
bedding material but this level was reduced to negligible
levels within 12 min of operation of the inlet ventilation at
1.12 m3/s with the door fully closed and the outlet fans off.

Like shredded paper, wood shavings has become a very
popular form of bedding material for horses. Figure II shows
the effect of operating the inlet ventilation at 1.12 m3/s with
the outlet fans on and the half door closed while Fig. 12
shows the effect of operating the inlet ventilation at 0.67 m3/s
with the outlet fans off and the full door closed. Both Fig. II
and Fig. 12 show low levels of respirable dust recorded
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Fig. 12. Respirable dust levels in chamber with wood
shavin§s bedding, inlet ventilation rate of
0.67 m Is, door fully closed, and outlet fans off.

full scale testing. The scale model has also indicated that the
continued use of straw as the preferred bedding material is
also attainable without associated dust problems. The use of
this system incorporating incoming air filtration and a de
signed airflow pattern ensures that the breathing zone of the
horse will not be unduly exposed to contaminated air pro
duced from bedding material and that the incoming air
quality is not important.

SUMMARY AND CONCLUSIONS

I. The unit achieved low levels of respirable dust within
the chamber despite varying levels of respirable dust in
the outside air. These low levels of respirable dust
within the chamber were maintained for long periods of
time.

2. Respirable dust levels increased within the chamber
during agitation of the bedding material; however, this
increased level of respirable dust was quickly reduced
to a low level within approximately 12 min by the
continuous use of filtered ventilation.

3. The inlet ventilation rate appeared to have an effect on
the rate of decrease of the respirable dust level within
the stable; however, due to the limitation imposed by
the size of the inlet fan, lower ventilation rates were not
assessed.

4. The effect of the chamber door configuration was neg
ligible as was the activity of the outlet fans during the
testing at the high inlet ventilation rates.

5. The bedding type showed variation in the level of
respirable dust produced during agitation. It was not
intended to discuss the merits of the different bedding
materials with respect to the amounts of respirable dust

produced from each bedding material. To test the differ
ent types of bedding materials for their respirable dust
production levels, a more comprehensive sampling of
bedding material would have been carried out.

6. These tests were limited by the size of the chamber and
the possible effect of a horse's movement within a
stable were not assessed. These shortcomings will be
addressed in a future paper which will report on the
results from a full scale operational unit accommodating
horses.
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