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ABSTRACT:  
 
 A mechanical-biological-chemical system for removing odor and dust from 
swine building ventilation air was designed and developed by researchers in the 
Department of Agricultural and Biosystems Engineering at South Dakota State 
University and the Chemistry and Chemical Engineering Department at the South 
Dakota School of Mines and Technology.  A prototype chemical absorption 
system that used a weakly acidic solution to preferentially remove ammonia and 
a significant fraction of the dust from an exhaust air stream was modeled, 
designed, constructed and tested under laboratory conditions.  Average 
ammonia removal level from air with initial ammonia levels similar to that found in 
swine facilities was 97.7%.   
 A prototype mechanical-biological filter that uses a wetted plastic mesh to 
establish environmental conditions conducive to biological degradation of odor 
and dust from swine ventilation air was designed, constructed and tested under 
both laboratory and swine production conditions.  This unit removed up to 100% 
of the dust from air in a swine confinement building.  Additional research is 
needed to develop the parameters and criteria required to allow 
commercialization of this unit. 
  
INTRODUCTION: 
 Intensification of livestock production, driven in major part by economic 
necessity, has concentrated large numbers of swine into larger production 
facilities.  Associated socio-economic concerns include odor, human and animal 
health and environmental degradation.  Continued and enhanced vitality in the 
swine industry will be closely correlated with technological and management 
developments that successfully and economically address these concerns. 
 
OBJECTIVES:  

1. Design and develop an integrated, mechanical, biological and chemical 
based unit for reducing odor and dust levels of air exhausted from swine 
facilities. 
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2. Test prototype dust/odor reducing units under laboratory and production 
conditions. 

3. Establish the relationships between the engineering and production 
parameters so that odor/dust control systems may be designed for a wide 
range of production facilities. 

 
 This research was conducted in two main phases.  The design, 
development and testing of a mechanical-biological dust/odor reduction unit and 
the design, development and testing of a chemical dust/odor reduction unit.  
Subsequent integration of the two dust/odor reduction units will be dependent on 
the performance of the individual units.   
Mechanical-Biological Unit 
 
PROCEDURES: 
 A prototype, mechanical-biological unit for removing odor and dust from 
the air in swine confinement facilities was designed and developed.  The unit was 
designed with an air flow rate of 100 cfm, Figure 1, and was tested under 
laboratory and swine production conditions.  The prototype, mechanical-
biological unit is 34 inches wide, 48 inches long and 48” high.  It has a 24-inch 
vertical section of 3/16-inch by 3/16-inch, 20 guage, plastic mesh, spaced 1 inch 
O.C. that is wetted by water emitted from low pressure spray nozzles.  Layers of 
plastic mesh are spaced 1 inch apart.  The wetted plastic mesh provides a 
surface area for the  growth of bacteria that aid in the removal and decomposition 
of dust and odorous compounds.  A prototype was originally designed for 
concurrent water-air flow, but was changed to counter-current following 
laboratory and production level testing.  Air flow rate is designed to allow a 15-
second residency time for air in the dust/odor reduction unit.  Air and water flow 
are balanced so the air leaves the dust/odor reduction unit with a relative 
humidity of approximately 90%.  Excess water with entrained dust is allowed to 
drain out of the bottom of the unit.  It is projected that excess water draining out 
of the dust/odor reduction unit will add less than 0.1 inch of liquid to the manure 
pit per day for the cross-sectional area of the filter and the air flow rate required 
per sow and litter.  Odor and dust levels were measured prior to and after air had 
passed through the dust/odor control unit. 
 
RESULTS:  
 Reductions in the dust level of air from a swine finishing building located in 
East Central South Dakota that has passed through the dust/odor reduction unit 
South Dakota are illustrated in Figure 2.  After one day of operation (1/25/02) 
dust level was reduced by 1.138 mg/m3, from 1.824 to 0.686 mg/m3 (60.3%).  On 
the forth consecutive day of operation the dust/odor reduction unit removed 
100% of the 5.106 mg/m3 of dust from the ambient air.  On the sixth consecutive 
day of operation the dust concentration was reduced by 3.602 mg/m3, from 4.383 
to 0.0781 mg/3 (82.2%).  Ammonia level, measured on January 29, 2002, after 
the forth consecutive day of operation of the dust/odor reduction unit, was 
reduced by 8.33 ppm, from 17.5 to 9.17 ppm (47.6%).  Swine disease problems 
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(unrelated to this research or the dust/odor reduction unit) prevented further data 
collection. 
 Design of the mechanical-biological dust/odor reduction unit included the 
expectation that a slime-like substance would build-up, reach a certain point and 
then slough off of the plastic mesh.  The slime-like material was intended as a 
growth medium for bacteria that would increase the dust and odor removal 
capacity of the unit.  This behavior was observed in the dust/odor reduction unit.  
Analysis of the microbial characteristics of the slime-like material indicated that 
the bacteria present were gram-negative and did not pose either health or 
environmental hazards. 
 This research indicates that the mechanical-biological system has 
excellent potential for reducing dust and odor in the exhaust air from swine 
confinement facilities.  Additional research is needed to fully define optimum 
performance characteristics of the dust/odor reduction unit under swine 
production conditions and to precisely develop the parameters and criteria 
needed to design systems for use in other production facilities.  However, 
preliminary results indicate the following design parameters:  Airflow:  20 cfm per 
sow and litter;  Water Flow:  0.2 gph/sow and litter; and Filter Surface Area:  2 ¼ 
ft2 cross-sectional area with 24 layers of 3/16” x 3/16” plastic mesh spaced 1 in 
o.c.  
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Figure 1.  Prototype Dust/Odor Removal Unit (side view). 
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Figure 2.  Dust Reduction. 
 
Chemical Unit 
 
INTRODUCTION 
 

The first phase of the work at SDSM&T was to identify a suitable 
technique and solution for removing ammonia from the exhaust gas leaving a 
confined hog facility.  Clearly there are quite a number of different compounds 
that have been identified in the exhaust air stream, so to insure chemical 
quantifiable results we chose to focus on one major component initially; ammonia 
(NH3).  In later efforts we plan to extend our study to include different model 
compounds that are also present in the exhaust gas stream, such as hydrogen 
sulfide (H2S) and dust. With these model compounds it is possible to monitor for 
their presence fairly easily, thus presenting a picture of the efficacy of the gas 
scrubbing system.   
 From a chemical industry perspective, removing a chemical from a vapor 
stream is typically accomplished by one of a number of techniques, including 
absorption, adsorption, or compression/condensation. While any of these 
techniques could be applied to the pork industry, the successful process will 
need to be both efficient and cost effective, therefore we chose to pursue an 
absorption process.  In absorption, a gas stream is contacted counter-currently 
with a liquid stream, which absorbs target chemicals from the gas stream.  For 
this type of process only a gas blower is needed to provide motive force for the 
gas through the absorbing column and a small pump to circulate the liquid.  Gas 
absorption can be a highly efficient separation scheme if the right absorbing 
liquid is chosen. We chose to research the efficacy of using a sulfuric acid 
(H2SO4) reactive absorption solution. The product of the reaction between NH3 
and H2SO4 is ammonium sulfate ((NH4)2SO4), a fertilizer that may be disposed of 
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relatively easy.   Using a weakly acidic absorbing solution, the pH of the 
discharged liquid will be close to neutral (pH 7) and thus should not cause a 
problem for disposal on nearby fields. 
 
PROCEDURE 

Based on preliminary modeling calculations, a prototype column was 
designed and constructed. Using an air flow rate of 100 ft3/min the column and 
internals were sized to give an efficient absorption of the target compound. A 
high efficiency, low-pressure drop packing material (1” Tri-Packs from Jaeger 
Co.) was identified.  Use of this packing also allows for removal of a significant 
portion of the dust particles entering with the inlet air stream because of the 
relative open structure of the packing material (see picture of packing material in 
the appendix).   

Figure 3 shows schematically a flow diagram of the constructed ammonia 
scrubber system, which is based around an inexpensive 12” PVC column. Air 
with NH3 is introduced to the column by the blower at 100 ft3/min.  At the same 
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time, the dilute acid scrubbing liquid is distributed at the top of the column at 2 
gal/min and contacted counter-currently with the “polluted” air stream.  The pH of 
the scrubbing liquid and the NH3 were monitored as the inlet NH3 concentration 
was varied.    
 
RESULTS  

The gas scrubbing system proved to be very efficient at ammonia 
removal, with an average of 97.7% of ammonia removed from the gas stream.  
Three trial runs were performed at each of the following ammonia concentrations:  
10, 20, 40, 60, 80 and 100 ppm, Figure 4. The average percent removal for all 

trials was 97.7%. In 
all cases the outlet 
gas stream was 
maintained below 3 
ppm.  It was also 
confirmed that at 
the specified 

operating 
conditions the 
packing material 
provided a low 
pressure drop of 
0.56 inches for the 
six foot packed 
section.  In all 
cases the outlet 

gas stream contained levels of ammonia that were well below the TLV of 25 ppm 
and OSHA PEL of 25 ppm.  With the results obtained from laboratory testing, we 
are optimistic that the designed scrubbing unit will perform at the same efficiency 
when field-tested at a confinement facility. 

A computer model was created using a commercial software package 
(AspenPlus).  This program confirmed the efficacy of designed system and 
provided computer generated results that matched closely with the experimental 
trials.  A model constant (mass transfer coefficient) for this system was 
determined from the experimental data.  Coupling this constant with the 
computer model will allow for rapid and accurate design of full-scale production 
units in the future. 

The third phase of this project was to test the pilot scale absorption unit 
under swine production conditions.  Numerous hog producers were contacted in 
western SD, but no suitable facility was found within the time constraints this 
summer.  Other producers will be contacted in the near future to try and find a 
suitable trial location.  Amended results will be available from the PI after the field 
trials. 
 
 
 

% Removal vs Inlet NH3 concentration

95.0

95.5

96.0

96.5

97.0

97.5

98.0

98.5

10 20 40 60 80 100

Inlet NH3 (ppm)

%
 R

em
ov

al Trial 1

Trial 2

Trial 3

Figure 4. Efficacy of Ammonia Removal as the Inlet 
Ammonia Concentration is Varied. 



8 

 
REFERENCES: 
 
AspenPlus Software, Aspen Engineering Suite, Version 11.1, 2001. 
 
Crowl, D.A., and J.F. Louvar, Chemical Process Safety: Fundamentals with 
Applications, 1st Edition, Prentice Hall, NY, 1990. 
 
Geankoplis, Christi J., Transport Processes and Unit Operations, 3rd Edition,     
Prentice-Hall, NY, 1993. 
 
Perry, R.H., Green, D.W., Perry’s Chemical Engineer’s Handbook, 7th edition, 
McGraw Hill, NY, 1997. 
 
 
 
 
 
 
 
 
 
APPENDIXES: 
 
1.  Acid flow required for effective scrubbing at various inlet ammonia 
concentrations. 
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2. Pictures showing the odor scrubber constructed in the SDSM&T Chemical 

Introduction of ammonia gas into the air stream. 

Bottom section of scrubber 

Recycling/mixing tank 

Top section of scrubber 

1” Jaeger Tri-Packs 

Top of six foot packed section 
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Engineering Lab 
 
 
 
 
 

 
 
 

Liquid inlet to column 

Exhaust view of scrubber 

Panel View 


