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ABSTRACT. Poor indoor air quality inside livestock buildings affects both worker and animal health, and in Midwestern 
farms during the winter, building contaminants increase as fresh air into the building is reduced to save heating costs.  This 
study has examined using engineering controls to reduce concentrations in an educational swine farrowing building. A 
recirculating ventilation system (1000 cfm) incorporated one of two dust control options (filtration, cyclone).  Respirable 
and inhalable dust concentrations were significantly reduced:  the filtration system performed better than an equivalently-
sized cyclone. Room concentrations of hazardous gases were measured to examine whether increased air movement in the 
room resulted in drawing these contaminants from the manure pits:  hydrogen sulfide (H2S) and ammonia (NH3) were not 
increased by using the ventilation system. In year 1, carbon dioxide (CO2) concentrations averaged 2480 ppm, exceeding 
the recommended 1540 ppm limit.  Mathematical modeling indicated that standard barn heaters generated significant 
contributions of CO2.  Year 2 operated with heaters that vented combustion gases outside of the room, reducing in-room 
concentrations (mean = 1420 ppm).  The heater itself was associated with 800 ppm CO2 reduction, while between-winter 
differences in temperature and pig counts accounted for a 200 ppm CO2 reduction between study years.  Replacing heaters 
present a low-cost solution to reducing one of the three main air contaminants in this building. Testing the ventilation system 
in a production barn while tracking human and animal health improvements is under way to demonstrate the cost benefit of 
these changes to producers.  
Keywords.  Animal Feeding Operations, Dust, Carbon Dioxide, Exposure Control, Farrowing Building, Heaters, Indoor Air 
Quality, Ventilation.   

 
  

The authors are solely responsible for the content of this meeting presentation. The presentation does not necessarily reflect the official position of the 
American Society of Agricultural and Biological Engineers (ASABE), and its printing and distribution does not constitute an endorsement of views 
which may be expressed. Meeting presentations are not subject to the formal peer review process by ASABE editorial committees; therefore, they are 
not to be presented as refereed publications. Publish your paper in our journal after successfully completing the peer review process. 
See www.asabe.org/JournalSubmission for details. Citation of this work should state that it is from an ASABE meeting paper. EXAMPLE: Author’s 
Last Name, Initials. 2017. Title of presentation. ASABE Paper No. ---. St. Joseph, MI.: ASABE. For information about securing permission to reprint 
or reproduce a meeting presentation, please contact ASABE at www.asabe.org/permissions (2950 Niles Road, St. Joseph, MI 49085-9659 USA).1 

http://www.asabe.org/JournalSubmission
http://www.asabe.org/permissions


ASABE 2017 Annual International Meeting Page 2 

Introduction 
An estimated 200,000 to 500,000 workers in livestock production buildings are at substantial risk of adverse respiratory 

outcomes (Pedersen et al. 1996; Larsson et al. 1994, Iversen and Dahl 2000, and others).  Eight-hour exposure limits have 
been recommended for this workforce:  2.4 mg/m3 for ‘total’ dust (as measured with a closed-face 37-mm cassette), 0.23 
mg/m3 for respirable dust, 7 ppm for ammonia (NH3), and 1540 ppm for CO2 (Donham et al., 1995). Growing evidence 
identifies new motivation to reduce carbon dioxide (CO2) in livestock buildings, with declines in cognitive abilities 
documented at exposures as low as 945 ppm (Allen et al. 2016, Satish et al 2012). These recommended exposure limits are 
all lower than regulatory (OSHA PELs) and consensus standards (ACGIH TLVs), which were developed for exposures to 
single compounds in the workplace and which are, by nature, less protective than aggregate exposure recommendations for 
multiple compounds that elicit similar health outcomes. 

Methods 
This study evaluated the effectiveness of a recirculating ventilation system to treat dust and the effect of heaters on room 

CO2, with concurrent assessment of whether this increased airflow adversely increased the concentration of other hazardous 
components in the room.  This intervention occurred during winter months, in Cedar Rapids, IA, in a single farrowing room.  
(Figure 1).  Two standard 8-inch ducts was used transport room air to the outside dust controller.  In winter 1, a filtration 
unit (Shaker-Dust Collector SDC-140-3, United Air Specialists) was evaluated; in winter 2, a cyclone (Model 16, Donaldson 
Inc.) was evaluated.  Treated air was returned to the room via 10-inch ducts and returned to the room through two 10-inch 
fabric diffusion ducts (Softflow Diffusers).  The air exchange in this study room was 5.4 air changes per hour (1000 cfm).  
Since simulation models (Anthony et al. 2015) identified the possibility of reducing room CO2 levels by eliminating the 
source from gas-fired heaters, we examined whether a high-end greenhouse heater could both meet the room heating needs 
and reduce the CO2 in the room.  The original heaters in the room were Guardian 60 (LB White) and were replaced prior to 
winter 2 testing with Effinity 93 (Modine Manufacturing) vented heaters. 

 

Twenty-four hour monitoring was conducted on 18 (filtration) and 19 (cyclone) randomly selected days. Monitoring 
equipment was suspended from the ceiling at six positions (A – F in Figure 1), with inlets positioned at 1.5 m above the 
floor.  Direct reading gas monitors were calibrated and set to datalog every 60-seconds and included: VRae Multi gas (O2, 
LEL, CO, H2S, NH3) and ToxiRae single gas (CO2 and NH3) monitors.   To account for sensor drift over time, data were 
logged during 10-minute monitor colocation both before and at the end of each sampling period.  Dust was measured using 
inhalable (IOM, 2 Lpm) and respirable (BGI GLK2.69 cyclones, 4.2 Lpm) sampling heads attached to pumps to obtain a 
single 24-hour averaged concentration for each sampling day.   

Air quality measures were obtained at three periods across each winter, turning the ventilation system off and waiting at 
least 24 hours to assess “unvented concentrations” for system performance assessments:  prior to system operation, midway 
through the study, and at the end of the study.  One-way ANOVA was used to test whether mean dust and gas concentrations 
were the same between interventions, and generalized linear models with Tukey-Kramer multiple comparisons were used 
to identify significant differences. Multiple linear regression with backward elimination was used to examine the importance 

Figure 1.  Room layout for farrowing room under study, showing the four rows of crates 
(running east-west), six sampling positions (A through F), and ventilation intervention that 
includes exhaust (8”), return air (10”), and diffusion ducts (green).  The dust treatment unit is 
located outside the building. 
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and contribution of multiple CO2 sources to the room concentration, including animal housing counts, heat lamp use, outside 
temperature, and heater type.  Finally, to examine whether hallway contaminants contributed to room concentrations, 
Spearman correlation coefficients were computed for gases between rooms and compared between pit fan status (on, off). 

Results and Discussion 
Mean concentrations for four of the test compounds are given in Table 1. Between year differences in room concentrations 

were significant for respirable dust and CO2.  Ventilation with dust control was associated with significant and substantial 
reductions in inhalable dust with both the filtration unit (44% reduction) and the cyclone (32% reduction), however the 
cyclone was less effective at reducing the respirable dust concentration (18%) compared to the filtration unit (32%).  While 
a cyclone may require lower capital and maintenance expenses than a filtration unit, it may not be sufficient to remove the 
small particles from the room air.No significant increase in H2S, NH3, CO, or LEL concentrations were identified by 
operating the ventilation system, although definite increased concentrations of NH3 and CO2 over the winter period were 
confirmed.  No maintenance was needed of these units over the winter, and the maximum pressure drop at the filter (225 
Pa) was well under capacity (1000 Pa).  The study team and workers in the intervention room identified that the cyclone 
created a noticeably louder working environment (81 to 83 dBA) than the filtration unit (unmeasured).   

 
Table 1. Mean concentration and significance testing results (ANOVA p) comparing concentrations (a) between winters and (b) within 

winter between control technologies 

 

 
 
One of the two heaters in this intervention room was on during each 24-hour test period.  The room CO2 exceeded the 

1540 ppm recommendation on all days throughout the first winter, but only on five of the 19 study days in the second winter 
with the vented heater (Figure 2(a)).  There is a clear relationship between room CO2 and outside temperatures (Figure 2(b), 
with concentrations increasing on colder days, particularly with the traditional unvented heater (Yr. 1).  Sources contributing 
to room concentrations included heater type and operation (outdoor temperatures) as well as animal housing numbers.  Since 
these factors varied between study year, linear regression was used to attribute multiple sources to the room CO2.  Equation 
results contains significant determinants of room CO2 across these two winters: 

 
CO2, ppm = 709 - 28.73 Temp (oC) +28.8 Sow +3.8 Piglet +827 Heater,    (R2 = 0.92) (1) 

 
where Temp is the outside 24-hour average temperature in Celsius, Sow and Piglet is the average sow and piglet count 

over the 24-hour sampling period, and “heater” has a value of “1” if it is the traditional unvented heater but zero otherwise.  
The number of heat lamps (inversely proportional to piglet age) was insignificant to the estimation of room CO2 
concentrations. 

  Mean Concentration 
  (ANOVA p) 

  
  

Mean 
Respirable 

Dust, mg/m3 

Mean 
Inhalable 

Dust, mg/m3 CO2, ppm NH3, ppm 

 Winter 1 (traditional heater) 0.15 0.84 2480 10.1 
 Winter 2 (vented heater) 0.095 0.68 1400 11 

  Between Year, p (<0.001) (0.162) (<0.001) (0.74) 

Winter 1:     
 Filtration On 0.13 0.75 2460 11.3 
 Filtration Off 0.19 0.98 2500 8.3 

  Between Ventilation Status, p (<0.001) (0.236) (0.622) (0.35) 

Winter 2:     
 Cyclone On 0.088 0.578 1280 12.2 
 Cyclone Off 0.11 0.86 1600 9.8 

  Between Ventilation Status, p (0.141) (0.024) (0.032) (0.61) 
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Equation (1) indicates that the unvented heater contributed approximately 827 ppm to the room CO2.  It is important to 

note that the other three rooms in the building (hallway, nursery, and a second farrowing room) operated unvented heaters 
through both winters. Since the manure pit fans were not in operation at the start of the second winter, we could document 
that contaminated hallway air was the makeup air for the test room when the pit fans were operating using Spearman 
correlation coefficient changes between hallway and test room by pit fan status for both CO and CO2.  

The livestock building used for this intervention study may not fully represent newer production buildings, which may 
differ in animal density and insulation, which might affect the relationship provided in equation 1.  However, there is 
sufficient evidence to recommend considering upgrading heaters to improve the air quality inside production buildings, to 
protect workers and livestock.  

(a) 

(b) 

Figure 2. 24-hour mean CO2 in farrowing room by (a) study date and (b) outside temperature. 
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Conclusion 
The recirculating ventilation system, operating at 5.4 air changes per hour, with dust filtration provided substantial and 

significant reductions in room concentrations of dust. Using gas-fired heaters that transport combustion products to the 
outside rather than merely releasing them into the room can significantly and substantially reduce CO2 concentrations.     

Acknowledgements 

This research was funded by CDC/NIOSH Great Plains Center for Agricultural Health, U54 OH007548.  We would like 
to thank those who participated in the data collection phase of this project, specifically: Ralph Altmaier, Samuel Jones, Rich 
Gassman, Changjie Cai, and Jae Hong Park. 

References  

Pedersen, B., Iversen, M., Bundgaard Larsen, B., Dahl, R. (1996) Pig farmers have signs of bronchial inflammation and 
increased numbers of lymphocytes and neutrophils in BAL fluid. European Respiratory Journal 9(3), 524-530. 
(http://erj.ersjournals.com/content/9/3/524) 

Larsson, K.A., Eklund, A.G., Hansson, L.O., Isaksson, B.M., Malmberg, P.O. (1994) Swine dust causes intense airways 
inflammation in healthy subject. American Journal of Respiratory Critical Care Medicine 150:973-977. 
(10.1164/ajrccm.150.4.7921472) 

Reynolds, S.J., Donham. K.G., Whitten, P., Merchant, J.A., Burmeister, L.F., Popendorf, W.J. (1996) Longitudinal 
evaluation of dose-response relationships for environmental exposures and pulmonary function in swine production 
workers.  American Journal of Industrial Medicine 29(1):33-40. (10.1002/(SICI)1097-0274(199601)29:1<33::AID-
AJIM5>3.0.CO;2-#) 

Iversen, M. and Dahl, R.  (2000) Working in swine-confinement buildings causes and accelerated decline in FEV1:  A 7-
yr follow-up of Danish farmers.  European Respiratory Journal 16:404-408. (10.1034/j.1399-
3003.2000.016003404.x) 

Donham, K.H., Reynolds, S.J., Whitten, P., Merchant, J.A., Burmeister, L., Popendorf, W.J. (1995) Respiratory 
dysfunction in swine production facility workers: Dose-response relationships of environmental exposures and 
pulmonary function.  American Journal of Industrial Medicine: 27:405-418. (10.1002/ajim.4700270309) 

Allen, J.G., MacNaughton, P., Satish, U., Santanam, S., Vallarino, J., Spengler, J.D. (2016).  Associations of Cognitive 
Function Scores with Carbon Dioxide, ventilation, and volatile organic compound exposures in office workers:  A 
controlled exposure study of green and conventional office environments.  Environmental Health Perspectives, 
124(6):805-812. (http://dx.doi.org/10.1289/ehp.1510037) 

Satish, U., Mendell, M.J., Shekhar, K., Hotchi, T., Sullivan, D., Streufert, S., Fisk, W.J.  (2012) Is CO2 and indoor 
pollutant?  Direct effects of low-to-moderate CO2 concentrations on human decisions-making performance.  
Enivornmental Health Perspectives 120(12):1670-1677. (10.1289/ehp.1104789) 

Anthony, T.R., Altmaier, R., Jones, S., Gassman, R., Park, J.H., Peters, T.M. (2015) Use of recirculating ventilation with 
dust filtration to improve wintertime air quality in a swine farrowing room.  Journal of Occupational and 
Environmental Hygiene 12(9): 635-646.  (http://dx.doi.org/10.1080/15459624.2015.1029616) 

 

 


	2017 Annual Meeting Paper Template for ASABE Authors
	Author 1 (one author only)
	Affiliation for Author 1
	Author 2 (one author only)
	Affiliation for Author 2
	Paper number and page range
	Improving Air Quality in Swine Farrowing Operations:  Engineering Intervention Results
	Written for presentation at the
	2017 ASABE Annual International Meeting
	Sponsored by ASABE
	Spokane, Washington
	July 16-19, 2017
	Introduction
	Methods
	Results and Discussion
	Conclusion
	Acknowledgements

	References

