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Deactivating Microbes in Swine Barns

It is well established that livestock production buildings are dusty environments, but the
composition of the dust is more obscure. On top of containing a range of organic
compounds and adsorbed gases such as ammonia, these dust particles can also harbour
large quantities of microorganisms. Once airborne, these microbes can infect both
livestock as well as barn workers and cause a wide range of respiratory illnesses. The
Development and assessment of emerging green technologies to reduce aerosol risks
and hazards in farms project is currently testing a promising technology for deactivating
microbes in swine barns. The nanospray based technology is used to generate
engineered water nanostructures (EWNS) which react with the cells and interfere with
their metabolic processes to effectively deactivate these harmful microbes. The research
team recently completed two lab-scale studies demonstrating the performance of the
nanospray system for 1) decontaminating surfaces and 2) inactivating airborne bacteria.

Surface Decontamination

The EWNS were produced with a lab-scale
nanospray system using a syringe pump
to force a water-based solution through a
metallic needle connected to a high
voltage power supply (Figure 1). The
needle therefore acted as a charging
electrode. Small stainless steel coupons
inoculated with a solution of E. coli were
then placed under the needle to simulate
contaminated swine barn surfaces. Very
high inactivation rates were obtained with
this experimental set-up, up to a 4.0 log
reduction (99.99 % efficiency). 

Low liquid flowrate, 
High pH, 

Short needle distance and 
High negative voltage. 

Optimal operating conditions:

High water conductivity, 
Long exposure time, 

Figure 1: Schematic of the experiment setup
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For this study, the lab-scale set-up was upgraded to two 8-needle units placed at the
top of a 250 L acrylic chamber with a controlled airflow. To obtain a concentration of
airborne bacteria representative of swine facilities, a specialized nebulizer was used to
aerosolise a solution of E. coli. Treatment and control experiments followed the same
protocols, except that the EWNS generators were turned off in the control experiments.
Each run of nanospraying lasted for an hour and air samples from the chamber were
collected three times over the 1-hour period. The E. coli samples were collected on agar
plates and incubated for 48 h at room temperature prior to counting the colony forming
units (CFU). The graphs in Figure 2 show the E. coli concentrations and inactivation rates
measured over one hour in the various treatment and control trials.  

What's Next?

Now that the efficiency of the nanospray system was demonstrated for both surface and
air decontamination, the performance of the technology in deactivating microbes will
be evaluated in small- and medium-scale tests in an actual swine barn at the Prairie
Swine Centre in Saskatoon.
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Good results were obtained for the deactivation efficiency of airborne bacteria, but the
values were much lower than with the surface decontamination tests. Since the EWNS
droplets fell down through the contaminated air as it flowed across the acrylic chamber,
contact between the microbes and EWNS was not as efficient as with the surface tests. 

Airborne Microbial Deactivation

Figure 2: (a) E. coli concentrations and (b) inactivation
efficiency in control and in various treatments

69% in Treatment 1
(pure water), 
64% in Treatment 2
(saline solution), 
50% in Treatment 3
(high pH) and 
7% with the dry
needle only.
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