Environmental | ssues Resource Centre

Dust

The main environmental issue associated with dust concerns the air quality in the livestock building.
Although the ventilation system of a building discharges dust particles into the environment,
considering the high dilution rate with the outside ar, the following discussion focuses on the dust
level and control insde the livestock building.

Health effects of dust on the worker are presented in the health chapter. The reader is referred to
this section for more detailed information on that topic.

Glossary
Inhdable dust: all dust particles in the air that are inspired by a human.

Modified inhalable dust: al the dust particles that are inspired by a human having an aerodynamic
diameter larger than 0.5 micron (mm).

Modified respirable dust: al the dust particles suspended in the air having an agrodynamic diameter
larger than 0.5 mm and lower than 5 nm.

Respirable dust: dl the dust particles that are suspended in the air having an aerodynamic diameter
lower than 5 nm.

Totd dust: All dust particles that are suspended in the air.

B Dust in Livestock Buildings: Sources, Composition and Type

Dust is normaly considered to be one of the contaminants in livestock buildings. Dust is generated
from feed, bedding, dried manure, skin debris and building materids (Maghirang et a., 1995).
According to Zhang et a. (1994), other forms of airborne particulates referred to as bioaerosols
include bacteria, endotoxins, and molds. In fact, Butera et a. (1991), found that moulds amounted
to less than 1% of totd microorganisms in dust from a growingfinishing pig building. Gram
positive bacteria made up to 72% of the bacterial isolates. Martin et a. (1996) demonstrated that
dust can include many components in finding 6 species of bacteria or fungi in dust from a room
with no pigs, whereas 22 different microorganisms were detected in dust from the room with pigs.

Respirable dust is normally defined as particles having a mean aerodynamic diameter lower than 5
mm (Pearson and Sharples, 1995). They can be inhaled deep into the human or anima lung where
they can lodge in the aveoli. Particles smdler than 0.5 mm normally remain suspended and are
expelled when exhding. Tota dust particles are very often defined as inhalable dust.

Total dust mass concentrations in a mechanically ventilated swine nursery were measured for 13
sampling days over a six week period during warm weather conditions (Maghirang et d., 1997).
The respirable dust fraction ranged from 2 to 30% of the total dust, with an overal mean of 11%.
Considering the amount of energy required to create dust from the feed ration, Jansen and Feddes
(1995) concluded that feca materia is likely the magor source of respirable dust in anima
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confinement housing. Pickrell et d. (1993) adso observed that smaler particles in swine
confinement buildings had four fold higher concentrations of endotoxin than did larger particles,
suggesting they had higher feca material concentrations. Therefore, especidly in swine buildings,
respirable dust originates mainly from dry manure. Because they are biologically active and they
penetrate the lungs, respirable dust can have an adverse affect on the animal and the worker.

B Effects of Dust on Animal Health and Productivity

In general, dust can have adverse effects on the hedth of the animal in poultry buildings but will
have a limited impact in pig buildings. For example, Feddes et d. (1995) concluded that the
addition of canola oil and increasing the ventilation rate did not affect body mass gain but reduced
the incidence of lung lesions for turkeys. Although Crowe et d. (1996) found an association
between low facility dust, low endotoxin concentrations and improved growth rates in pigs reared
by Isowean, in other experiments, dust concentrations did not affect pig performance and health
status.

Reduced dust concentration did not result in improvement of an aready high pig performance
(Taka et al., 1995). It was concluded that expenses for dust control must be covered by other
means than improved pig performance. Similar results were obtained by Jansen and Feddes (1995),
when they determined the effect of high concentration of arborne dust on the hedth and
performance of growing pigs. According to this experiment, there was no apparent relationship
between growth rate, lung score and dust concentration. There was aso no apparent differencesin
the effect of feed and fecal dust on pig performance and health.

B Dust Control Techniques

Feed Additives

Additives such as oils or fats can be added to the anima feed in an effort to reduce the dust
concentration in the building. Many studies have been completed on feed additives and in
summarizing this research, Maghirang et a. (1995) indicated that dust levels can potentialy be
reduced by adding oils or fats to the feed. Use of feed additives may be an effective dust control
strategy if the main source of dust is the feed.

Since the respirable dust in pig buildings comes mainly from the fecal material, feed additives have a
limited effect on dust concentration. For example, Welford et a. (1992) observed that 2% of
canola oil added to the feed reduced inhalable mass concentration by 31% but increased the
respirable dust particles by 45%. More recently, Takai et a. (1996) showed that dust
concentrations were reduced by 35 to 60% in pig buildings, while human dust exposure was
lowered by 50 to 70% by adding 4% animal fat to the feed. However, it was indicated that a large
quantity of airborne dust remained in these buildings and workers should reduce their exposure risk
to the high concentrations by wearing a dust mask.

Water or Oil Sprinkling
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In areview of dust control strategy, Maghirang et d. (1995) concluded that oil/water spraying is a
promising technique for dust control in livestock buildings. Airborne dust concentrations in pig
houses were reduced by spraying with a mixture of water and rapeseed oil (Taka et ., 1995).
The respirable dust was reduced by 76, 54 and 52% in long-term observations in houses for piglet,
growing and finishing pigs, respectively. Sprinkling a small quantity of canola oil on the floor of
anima buildings reduced respirable and inhalable dust by 71 and 76%, respectively (Zhang et dl.,
1996). Perkins and Feddes (1996) applied minera oil in a farrowing building to control total dust
concentration and applying oil 24 h before measurement resulted in an average dust reduction of
73%. In a complementary study, Zhang et a. (1997) observed a reduction of 81 and 85% of
respirable and inhalable dust with crude canola oil sprinkling.

Ventilation Rate and Air Distribution

Purge ventilation (short period of high ventilation) may be effective in producing a short term
decrease in particle concentration and by timing the purge, workers would be exposed to lower dust
concentrations during specific tasks (Maghirang et a., 1995). A purge was used in pig buildings to
reduce dust concentrations (Robertson, 1989). In this experiment, in a building with automatically
controlled natural ventilation, the purge produced a 60% reduction in estimated total dust
concentration. Most of the reduction occurred in the first two minutes. Dust concentrations
increased rapidly after the purge and it created a significant reduction in air temperature for a short
period.

The air distribution can aso have an impact on the concentration of contaminants in the livestock
building. Breum et a. (1990) evaluated the performance of two types of exhaust ventilaion
systems for swine production: upward and downward airflow systems. In the zone of occupancy,
the air exchange efficiency of upward air flow was superior to downward air flow. For some
contaminants (CO,, excessive hedat, dust), the ventilation effectiveness of upward air flow was aso
superior to downward air flow, but this result does not apply to contaminants in general.

A standard ventilation system was modified to reduce dust levels in a room with weaned piglets
(Van't Klooster et d., 1993). It was based on the assumptions that it is important to minimize
exposure of stockmen to dust in livestock confinement buildings and that airborne particles were
largely re-entrained sedimented particles agitated by animal activity. The modified system had the
inlet located near the nose height of workers and the air outlet near the re-entrainment ares,
underneath the dats. Results showed that without additional costs the exposure of stockmen was
reduced by 40%. According to Aarnink and Wagemans (1997), a ventilation system with the inlet
in the feeding passage and the outlet just above the datted floor reduced the total dust concentration
by 78% compared with a typical ventilation system. Therefore, the configuration of the ventilation
system in a livestock building can have a significant impact on the dust concentration.

Electrostatic Precipitation and Negative | onization

Electric forces can be used to remove dust particles from the airspace of a livestock building. An
electrostatic precipitation system would have to be installed to treat the air of a room such as a
filtration unit. Electrostatic precipitators use an electric field between opposite charged eectrodes to
eectricaly charge particulate matter that is suspended in a gas stream, and then to separate the
charged particulate matter from the gas (ASHRAE, 1992). St-George and Feddes (1995) eva uated
the collection efficiency of an eectrostatic precipitator by varying applied voltage and airspeed
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levels for airborne swine dust. The applied voltage and current levels had a significant effect upon
collection efficiency of the prototype el ectrostatic precipitator but the three levels of airspeed did not
affect the collection efficiency. The overall collection efficiency increased from 18.6% at an

applied voltage of -10.3 kVDC to 96.4% at an applied voltage of -12.1 kVDC. When gpplying a
voltage and current of -12.1 kVDC (3 mA), the ventilation rate should be sufficient to reduce ozone
concentration to 0.1 ppm.

In an ionization process, an electrical charge is introduced into an dectrical fidd, and a force is
exerted on this charge in the direction of potential gradient (Tanaka and Zhang, 1995). For
ionization in a room airspace, the collecting eectrode is the room surfaces and the negative charged
particles are collected on the surface of the room. The collection efficiency is affected by the dust
spatia distribution, air flow rate, scattering of collected particles and thickness of the particle layers
accumul ated on the surface.

Tanaka and Zhang (1995, 1997) completed two studies on the impact of an ionization system to
reduce the dust concentration in a pig building. After the first project, it was confirmed that
ionization reduced the dust concentration by as much as 46% at low ventilation rate. Dust
reduction efficiency decreased with the time due to the accumulation of dust on surfaces. In the
second study, the ionization system consisted of ion emitters having an average output voltage from
the emitting head of -14.7 kV. The dust reduction ranged from 12.7 to 31.0% (average 19.8%) in
the dley, and the weekly dust reduction efficiency did not decrease over the time of experiment.
The dust concentration was reduced by the ventilation, but the effect of ventilation on the
performance of the ionization system was small.

Filtration and Wet Scrubbing

The filtration process occurs in different ways: direct interception, inertial deposition, diffusion and
eectrogtatic effects (ASHRAE, 1992). Carpenter and Fryer (1990) concluded that air filtration
using dry filters was a feasible method for reducing dust mass concentration and the number of
bacteria colony-forming particles by 50 to 60% in small rooms for early weaning piglets. A three
stage filtration system was evaluated by Lau et a. (1996) in pig barns. The reduction in inhdable
dust using the fabric filters ranged from 18 to 64%. The fabric filter system required intensive labor
for cleaning and induced high recurring operating cost upon frequent filter replacement.

Wet scrubbers use water to capture particulates or increase the size of the dust. Wet scrubbers
have the following advantages: 1) fine particles, ranging from 0.1 to 20.0 nm in diameter, can be
effectively removed; 2) water-soluble gases such ammonia and carbon dioxide can also be removed,
and 3) wet scrubbers do not have to be cleaned frequently (Maghirang et d., 1995). Disadvantages
include: 1) alarge quantity of water is needed; 2) dirty water has to be disposed of; and 3) it may
result in increased humidification of the air in the building.

Pearson (1989) used a wet scrubber that removed 83% of the dust mass from air passing through
but only reduced the concentration in the room by 8%. The limited effect was due to the small size
of the scrubber and in alater paper (Pearson, 1991), the same author demonstrated that the size of
dry filter or wet scrubber required was likely to be uneconomic. A counter flow bioscrubber was
tested at air flow rates of 43 and 63 L/s (Dong et d., 1997). Ammoniaremoval efficiency was 32%
for wet scrubbing only, and 54% for wet scrubbing with the packed bed of the scrubber seeded
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with microbes (bioscrubbing). Siemers and Van Den Weghe (1997) obtained clear reductions of
dust emissions (>80%) making use of modified wetscrubber/biofilter combinations.

Fabric filters or wet scrubbers are not widdy used to reduce dust concentration in livestock
buildings. As it has been mentioned previoudly, they are labor intensive and expensive to operate.
Because they remove particles from the air flow that is passed through it only (filter or scrubber),
large equipment are required to really reduce dust concentration in the whole airspace.

B \What Else Needsto Be Done

Dust concentration must be controlled in livestock buildings to provide adequate air quality for the
worker and the animal. On along term besis, high dust concentrations can represent a risk for the
lung functions of the barn operator. As mentioned by Maghirang et a. (1995), promising dust
control techniques involve feed additives, oil/water sprinkling, purge ventilation and effective room
air digtribution.

Because the anima productivity is mostly independent of the dust concentration, dust control
techniques should be developed in keeping implementation and operating costs down. Also, in
order to develop those techniques, more information is needed on dust generation rates and
digtribution. For example, more work is required to describe how the ventilation system design will
affect dust concentration in some parts of the room. The optimal design will be identified only
when we will know more about how the dust is generated.

Other techniques like feed additives and ail sprinkling <till need optimization. The fat or oil content
in the feed and the oil application rate and its concentration (oil and water) need to be optimized.
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The design principles of interna recirculating dry air filters for use in livestock buildings are
discussed and severa designs described.  In one design for a flat-deck early-weaner room a
centrifugal rotor draws air through a floor-standing prefilter and discharges it through a fine filter at
avelocity of about 0.4 m/s. The fine filter congtitutes the under-surface of a duct located above the
pigs. The air throughput of the filter is equal to the maximum ventilation rate of the room in order
to achieve adequate dust reduction. When used in flat-deck rooms with early-weaner pigs, the filter
unit reduced dust mass and bacteria colony-forming particle concentration by 50-60% and collected
dust at daily rates of 100 to 500 g per 100 piglets, depending on the design of the room and the age
of the pigs. The prefilter was periodicaly vacuum cleaned and the changes in pressure losses
across the filters recorded for several weeks. The airborne dust concentration in a flat-deck room
with a wire-mesh pen floor was only one-quarter of that in a room with similar stocking and
ventilation rate with a solid floor. Measurements of dust deposition rate suggest that it is
approximately proportional to the airborne dust concentration. A theory is proposed which relates
dust concentration to ventilation, filtration and deposition rates and accounts for the reductions in
dust concentration achieved by the filtration described above. Calculations suggest that, under
certain conditions, sedimentation can clear as much as 74% o the dust mass and of the number of
particles generated and that this value is normaly likely to exceed the percentage cleared by
ventilation. It is probable that a floor of high voidage reduces dust because of the combined effects
of areduction in floor-generated dust and the voids providing a clearance path.

Maghirang, R.G., G.L. Riskowski, L.L. Christianson and H.B. Manbeck. 1995. Dust control
drategies for livestock buildings- areview. ASHRAE Transactions SD-95-15-1: 1161-1168.

Dust in animal buildings should be controlled to levels that affect hedth only minimaly. Dust
control strategies include reducing the rate of emission (source control), effective ventilation
(ventilation control) and air cleaning (removal control). Source control strategies include use of feed
additives, cleaning dusty surfaces and spraying water or oil over dusty surfaces. Ventilation control
includes purge ventilation and effective room air digtribution. Air cleaning strategies involve
filtration, electrogtatic precipitation, or wet scrubbing. Promising techniques for livestock buildings
include the use of feed additives, oil or water spraying, purge ventilation, and effective room air
distribution. Technical and economic constraints have prevented these methods from being widely
practiced. Effective and economically feasible dust control methods should be developed and
systematically tested under both controlled laboratory and field conditions. Other research and
development needs include: 1) characterization of dust particles, dust sources and sinks; and 2)
development of sensors and control devices that incorporate the dust control technology into the
environmental control system.

St-George, SD. and JJR Feddes. 1995. Remova of airborne swine dust by electrostatic
precipitation. Canadian Agricultural Engineering 37(2): 103-107.

An dectrodtatic precipitator used in conjunction with a recirculation duct was developed to remove
airborne pig dust from an environmental chamber. The collection efficiency of the precipitator was
evaluated by using 3 applied voltage levels (-10.3, -11.0 and -12.1 kVDC) and 3 airspeeds (0.55,
0.76 and 0.95 m/s). The overdl collection efficiency of the precipitator ranged from 18.5 to 96.4%
at gpplied voltages of -10.3 and -12.1 kV, respectively. Removal efficiency was highest at 0.76 m/s
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for al applied voltages. An gpplied voltage of -12.1 kV produced ozone levels of 0.21 ppm, which
exceeded the recommended level of 0.1 ppm.

Takai, H., F. Moller, M. lversen, SE. Jrsa and V. Bille-Hansen. 1995. Dust control in pig
houses by spraying rapeseed oil. Transactions of the ASAE 38(5): 1513-1518.

Airborne dust concentrations in pig houses were reduced by spraying with a mixture of water and
rapeseed oil (1 to 4 treatments/d). The daily doses of ail (5 to 64 mL/pig-d) were varied as the ail
concentrations (5 to 20%) and the duration of the spraying time (5 to 90 /d) were changed. The
treatment did not cause an increase of the average concentration of vegetable oil n the air. No
pathological lung change in the pigs related to the trestment with rapeseed oil was found and no
indication of oil resorption to lung tissues, lymph nodes, or upper respiratory systems in the pigs
was seen. Longterm observations in houses for piglets, young pigs and fattening pigs a a
commercial farm showed that the respirable dust was reduced by 76, 54 and 52%, respectively. No
significant difference in pig performance between treated and reference groups was found. A
farmer, whose lung function usually decreased when weighing fattening pigs, was not affected when
the house was treated. This suggests that a substantia improvement in the working environment
can be achieved by spraying avegetable il in pig houses.

Zhang, Y., A. Tanaka, E.M. Barber and JJ.R. Feddes. 1996. Effects of frequency and quantity
of sprinkling canola oil on dust reduction in swine buildings. Transactions of the ASAE 39(3):
1077-1081.

Dust concentrations in animal buildings can be reduced by sprinkling a small quantity of canola oil
on the floor. The efficiency of dust reduction was expected to be dependent on the frequency and
quantity of oil application. Canola oil was sprinkled at six application rates (QF1 to QF6) in three
identica swine grower/fini sher rooms to examine the effect of oil application/frequency and quantity
on dust concentration in the room air. For the six oil application rates, dust concentration was
reduced between 37 to 89% with an overal mean reduction of 71 and 76% for modified respirable
(0.5to 5 mMm) and inhalable (> 0.5 mm) dust respectively. At the same total volume of oil sprinkled,
a higher ail application frequency was more effective than a lower application frequency in terms of
dust reduction. However, sprinkling more often than once a day was difficult when the ail
application is less than 10 mL/m? per day. The more oil sprinkled, the more dust could be reduced.
Variable daily dosages (from 30 to 10 mL/m?) for oil sprinkling had a higher efficiency of dust
reduction than a constant daily dosage (20 mL/n).
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