










Feeding a Combination of Acidogenic Materials and Cation 
changers Reduces Manure Ammonia Emissions and Improves 

Laying Hen Performance 

E. C. Hale III 
Earth Net, LLC 

Species: Poultry 
Use Area: Animal Housing 

Technology Category: Diet Modification 
Ai, Mitigated Pollutants: Ammonia 

•-iption: 
F -inure ammonia emissions can be significantly reduced by dietary manipulation. Feeding suitable levels of 
ac materials and indigestible cation exchangers to laying hens in a production environment resulted in 
av manure ammonia emission reductions of up to 68%. 

Improvements in the production environment reduce bird stress, resulting in improved performance and reduced 
production costs. 

Mitigation Mechanism: 
The mitigation mechanism is a two-step process. Ammonia (NH3) is a neutrally charged molecule that protonates to 
form the cationic molecule ammonium (NH4+) when subjected to acidic pH levels. 

As excreted, poultry manure exhibits a basic pH, so substantially all of the ammonia produced by enzymatic 
degradation of uric acid exists as ammonia. When acidogenic materials are introduced into the diet, manure pH is 
reduced. When fed in sufficient amounts, manure pH can be reduced so that substantially all the ammonia is 
protonated, forming ammonium. It would be ordinarily expected that the cationic ammonium would react with the 
acidic anion causing the pH reduction, but this reaction tends to be inefficient. 

Wh' an indigestible cation exchanger with a strong preference for binding ammonium is fed along with sufficient 
lev .s of an acidogen to reduce manure pH to 7 SU or below, the ammonium strongly binds to the cation exchanger, 
and is effectively sequestered in the manure. 

Applicability: 
This feed program is suitable for use by egg producers who wish to improve bird health through reducing levels of 
ammonia in the production environment. The feed program is suitable for use in high-rise, belt-battery, aviary, and 
free-range housing environments. 

Limitations: 
In general, overfeeding acidogens can affect the acid-base balance of the bird to a point where performance is 
adversely affected. Two acidogens have been evaluated as part of the combined feed system--gypsum and sodium 
bisulfate. 

For laying hens, the highest ammonia emission reductions were noted when gypsum supplied approximately 35% of 
the calcium in the diet. Using gypsum as the source for more than about 60% of dietary calcium resulted in slightly 
reduced overall production and thinning eggshells. The adverse effects increase as gypsum levels increase beyond 
the point where they supply 60% of dietary calcium. At levels where gypsum supplied 72% of dietary calcium, marked 
decreases in egg numbers and shell quality were noted. 

Sodium bisulfate is also an effective acidogen for laying hens, and can be used to reduce ammonia emission rates for 
broilers, as well. Sodium bisulfate is a source of dietary sodium, and can be used as a replacement for other sodium 
sources in the diet. Sodium bisulfate should comprise between 0.5% and 0.75% of the feed for either layers or 
broilers, with a 0.75% inclusion rate being the more effective of the two at reducing manure pH. At those levels, 
sodium bisulfate does not supply sufficient sodium or chloride to meet the dietary needs of the bird. A combination of 
sodium chloride and potassium chloride should be used with sodium bisulfate to meet dietary sodium and chloride 
levels. Sodium bisulfate should not be fed at levels which would cause overfeeding of sodium. 
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Two indigestible cation exchangers have been evaluated, zeolite and humate. Both are similarly effective at 
sequestering ammonium cations, and can be used in concert with gypsum or sodium bisulfate. 

Zeolite and humates generally exhibit either neutral or slight basic slurry pH levels, and have significant buffering 
capacities. In general, as long as the buffering capacity of the cation exchanger does not too significantly affect the pH 
reduction caused by the acidogen, the higher the inclusion rate of the cation exchanger for any given level of acidogen 
fed, the higher the ammonia emission reduction noted. 

With regard to feeding zeolites and humates at levels well in excess of the amount needed for optimal ammonia 
emission reductions, no adverse effects have been noted. 

Cost: 
If there is available bin space at a feed mill, no initial capital expenditures are needed to implement the diet. The 
gypsum/zeolite version is available in a pre-mixed form and can be delivered in bulk, or the materials can also be 
sourced on the open market and blended directly at the feed mill as needed. 

Sodium bisulfate/zeolite or sodium bisulfate/humate versions are not currently available in a pre-mix version, but each 
component comprises a small enough percentage of the feed that they can be added to the ration via an existing 
micro-bin system. 

For laying hens, per-ton amended feed costs are increased compared to per-ton standard feed costs. However, 
increased overall production, improvements in saleable egg numbers, improved feed conversion ratios, and reductions 
in mortality more than offset the increased feed cost. 

Implementation: 
A diet comprising 5.75% gypsum and 1.25% zeolite was fed to 125,000 hens in a high rise house. An additional 
125,000 hens of the same age acted as control. Temperature set-points were the same, airflow controls, and fan 
stage operation was set the same to cause both houses to be under the same operating conditions. Both houses were 
constructed alike, and had the same number and type of fans installed in analogous locations. Manure amounts in the 
storage pit were the same. Hen diets were nutritionally equivalent, despite differences in formulation. 

Insuring that airflow, temperature, etc., were the same between both houses enabled those factors to be removed from 
consideration when determining emission rate differences, so that any differences in ambient ammonia levels 
corresponded with differences in emission rates. 

In order to determine the average ambient ammonia concentration in exhaust air, 10 analogous fans that were always 
in operation were identified in each house. An ammonia meter (Bacou-Dalloz ToxiPro) was placed in the airflow of 
each fan, allowed to equilibrate, and the reading recorded. This was done in each of the two houses, and an average 
ammonia level was calculated for each house. Then, the two values were compared to determine the difference in 
ammonia levels between the two houses. 

Prior to collecting data, the test house was fed the amended diet for a period of one week, to allow the hens to 
acclimatize to the new diet. Data was collected every other day for a period of a month after the acclimatization 
period. The average reduction over the trial period was 68%. Graph 1 illustrates the results of the trial. 

Over a 14-week period, 375,000 laying hens of varying ages were fed a diet comprising 2.5% gypsum and 1.0% 
zeolite. An additional 375,000 hens of varying ages were fed industry standard rations as a control. Production 
parameters were monitored for both groups. Prior to implementing the diet, production data from both groups was 
compared to determine any innate differences between the two groups. No statistically significant differences in any of 
the monitored parameters were noted. After implementation, hens fed the test diet exhibited statistically significant 
improvements in production. The parameters monitored and any increases or decreases in those parameters 
exhibited by the hens fed the test diet are shown in Table 1. 

For 12 weeks of the 14 week period, relative ambient ammonia level data was collected, using the same controls and 
methods previously outlined. As before, controlling temperature and fan operation to insure consistant airflow between 
the houses allowed the difference between average ambient ammonia levels to adequately represent differences in 
emission rates. Over the 12 week period, the average reduction was 44%. The results are reported in Graph 2. 
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Table 1 

14 Week Implementation Cost Test, Production Scale (-750,000 hens) 
Difference, % 

Total Production, dozen eggs/week +5.92 
Grade A, Lg+, dozen eggs/week +5.28 
Grade A Total, dozen eggs/week +3.50 
Mortality, hens/week -21.51 
Lbs Feed to produce a dozen eggs/week -1.95 
Feed Cost, per ton +2.23 
Undergrade, dozen eggs/week -0.40 
Total Feed Consumed/week +3.49 
Cost to Produce a Dozen Eggs -3.24 
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Technology Summary: 
Feeding laying hens a combination of acidogenic materials and indigestible cation exchangers reduces manure 
ammonia emissions by effectively sequestering ammonium in the manure. Reductions of between 44% and 68% were 
noted, depending on the amounts of acidogens and cation exchangers fed. 

Initial feed costs were elevated, but improvements in performance translated into a reduction of per-dozen production 
costs. 

Additional Resources: 
Additional information regarding feeding acidogens, cation exchangers, and combinations of the two is available on the 
internet through a variety of sites. 
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Manure Ammonia Emission Reductions Achieved by Feeding DDGS 
to Laying Hens Housed in a Production Environment 

E. C. Hale III 
Earth Net, LLC 

Species: 
Use Area: 

Technology Category: 
Air Mitigated Pollutants: 

Poultry 
Animal Housing 
Diet Modification 
Ammonia 

Description: 
Feeding a diet comprising 10% Dried Distillers Grains plus Solubles (DDGS) has been found to reduce manure 
ammonia emissions by up to 50% in a laboratory environment (Roberts, et al, 2006). 

In order to determine the effects of 9 diet comprising 10% DDGS on manure ammonia emissions in a production 
environment, 80 laying hens were fed a 10% DDGS died for a 6 week period. An additional 80 hens were fed a 
standard ration as a control. Both diets were nutritionally equivalent. 

The effect of feeding a 10% DDGS diet on production was not determined in this study. 

Mitigation Mechanism: 
It has been posited that increased levels of fermentable fiber in the diet cause increased microbial production of 
volatile fatty acids, which reduces manure pH (Roberts, et al, 2006). The reduction in manure pH protonates ammonia 
(NH3) produced during uric acid breakdown, forming ammonium (NH4+). Ammonium is significantly less volatile than 
ammonia and remains in the manure, thus the observed reduction in emission rate. 

Applicability: 
Feeding diets containing DDGS is suitable for use in laying hens, kept in any type of housing system. 

Limitations: 
Virginiamycin is commonly used in the production of ethanol, and is expected to be present in DDGS at levels between 
0.2 and 0.5 parts-per-million (ppm). Heat is used to dry DDGS, and Virginiamycin is reported as stable at 90 degrees 
Celsius. The effect of heat at varying temperatures above 90 degrees Celsius on Virginiamycin stability has not been 
sufficiently explored to conclusively state that all the Virginiamycin in DDGS is destroyed during the drying process. 

The presence of detectable levels of Virginiamycin in dried DDGS has been reported (Hale 2008). 

The US Food and Drug Administration (USFDA) prohibit feeding laying hens materials containing detectable levels of 
Virginiamycin. Because DDGS is produced in a batch process, each batch of DDGS considered for inclusion in a 
laying hen diet should be tested to insure that Virginiamycin is not present. 

Excessive heat used to dry DDGS reduces metabolizable energy (ME), amino acid content, and amino acid 
digestibility (AAD) in DDGS (Betel, et al, 2006). 

The lack of uniformity in DDGS processing from supplier to supplier and from batch to batch causes significant 
variability in ME, AAD, and amino acid content (Betel, et al, 2006), making feed formulation more difficult. 

Care must be taken to determine whether DDGS being incorporated into feed contains mycotoxins. A recent study 
indicates that essentially all DDGS contains some level of mycotoxins, and usually more than one type of mycotoxin is 
present (Rodrigues, 2007). 

Cost: 
When laying hens were fed a diet containing 10% DDGS, feed consumption increased and egg production remained 
unchanged as compared to control (Roberts, et al, 2006). A comparison of the cost of amended feed versus standard 
feed was not given. 
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The economics of feeding DDGS as a method of controlling ammonia emissions has not been fully explored at this 
time. 

Implementation: 
In order to determine the effect of a 10% DDGS diet on manure ammonia in hens housed in a production environment, 
80 hens were fed a diet comprising 10% DDGS, and an additional 80 hens acted as a control. The amended and 
control diets were formulated to be nutritionally equivalent. The diets were also formulated to be consistent with 
standard dietary requirements for the type and age of hen used in the study. 

The hens were fed for a 1-week acclimatization period prior to removing manure for emission testing. Fresh manure 
was then collected on a weekly basis, and analyzed to determine the total amount of ammonia emitted over a 4-day 
period. The bulk of manure ammonia emissions affected by inclusion of DDGS in the diet are related to uric acid 
conversion to ammonia. The conversion begins immediately upon excretion, and is essentially complete within 4 days 
post-excretion. 

The hens were housed in standard battery cages, 5 hens per cage, 20 hens per unit, and a total of 4 units were fed 
each diet (control, amended). 

Manure samples were obtained by removing all manure under the caged hens. Three hours later, all manure was 
removed from under each unit, placed in a sealed glass jar, and transported to the laboratory. Manure samples from 
each unit were homogenized, and a 25-gram aliquot removed. Each aliquot was placed in a flask and air passed 
across it. The ammonia-laden air was bubbled through a 0.04N sulfuric acid solution to trap the ammonia. Every 24 
hours for a period of 4 days, the solution was exchanged for fresh solution. At the end of the test, each solution was 
assayed to determine how much ammonia had been emitted over a given 24-hour period. The data was used to 
construct emission curves for each unit of hens. Average total emissions for each group (control, amended) was 
calculated and compared to determine what effect, if any the amended diet had on ammonia emissions. 

The trial was concluded after 6 weeks. Total average manure ammonia emissions and percent difference values for 
each group is shown on a per-week basis in Table 1 and Graph 1. 

Table 1 
Average total manure ammonia emissions over a 4-day period, data reported in ppm 

Control 10% DDGS % Difference 
Week 1 392.85 417.7 6.3 
Week 2 887.7 741.0 -16.5 
Week 3 475.6 340.7 -28.8 
Week 4 630.9 421.1 -33.3 
Week 5 799.1 681.0 -14.8 
Week 6 1049.9 922.1 -12.2 
Average 706.5 587.25 -16.9 

Graph 1 
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Technology Summary: 
A diet containing 10% DDGS can be fed to reduce manure ammonia emissions on average, with no apparent loss in 
productivity. The level of reduction appears variable. 

When feeding DDGS to laying hens, care must be taken to insure compliance with FDA regulations regarding the 
presence of Virginiamycin. 

When formulating a diet containing DDGS, care must be taken to insure that the variability of ME or AAD in DDGS 
from different sources and even different batches from a single source is considered. 

Additional Resources: 
Additional resources can be found on the internet. 
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Effects of EcoCaITM on Ammonia Emission 
from a High-Rise Layer House 

T. Lim', A. Heber', E. Hale 1112, J. Ni', and L. Zhao3
Purdue University', Rose Acre Farms2, Ohio State University3

Species: 
Use Area: 

Technology Category: 
Air Mitigated Pollutants: 

Description: 
Ammonia (NH3) is released in significant amounts from livestock and poultry facilities, especially from high-rise layer 
houses. Abatement technologies such as diet manipulation, manure amendment, improved manure drying, and 
frequent manure removal can be applied to high-rise layer houses to reduce NH3 emission. However, very few studies 
have been conducted to quantify the effectiveness of these technologies, and report associated costs. The NH3
emission rate of a modern manure belt house is less than one-third of the NH3 emissions from high-rise houses (Sun 
et al., 2005). Emission studies conducted by Liang et al. (2005) concluded that manure belt houses emit significantly 
less NH3 than high-rise houses (Liang et al., 2005). While most new construction are now manure belt, many of the 
existing high-rise layer houses would benefit from applicable abatement technologies, such as feed additives or 
manure amendments, to reduce NH3 emission from the large quantity of manure stored in the first floors of these 
houses. A proprietary, patent-pending feed additive, EcoCalTM, was tested for its effectiveness in reducing NH3
emission from a high-rise layer house in Ohio. 

Poultry (Layer) 
Animal Housing 
Diet Modification 
Ammonia 

Mitigation Mechanism: 
Techniques that reduce manure pH are effective in reducing emission, since NH3 volatilization from manure increases 
at higher pH. This mitigation approach can be either pre-excretion, or post-excretion. The dietary manipulation of 
manure pH is achieved by adding acidogenic phosphorus and/or calcium salts to the feed to decrease manure pH. 

EcoCal is a combination of an acidogen (gypsum) and an indigestible cation exchanger (clinoptilolite zeolite). EcoCal's 
mitigation mechanism is a two-step process. With the proper amount of acidogenic materials included in the diet, 
manure pH is reduced so that more ammonium (NH4+) is formed. This results in more nitrogen sequestered in the 
manure rather than released as NH3. 

Applicability: 
Since both gypsum and zeolite are naturally occurring minerals, and are shown to improve feed conversion, EcoCal 
can be used for feeding laying hens housed in typical commercial egg production facilities. EcoCal is also suitable for 
use in organic egg production. 

Limitations: 
Diets with more than 60% of dietary calcium supplied by EcoCal should be avoided since overfeeding gypsum can 
result in thinning egg shells and lower production. However, diets containing 7% EcoCal are well below that threshold, 
and at that level, the gypsum in EcoCal supplies approximately 35% of the calcium needed in a typical layer diet. 

The zeolite component in EcoCal is safe even when fed at levels well in excess of the amount needed for optimal 
ammonia emission reductions. No adverse effects on health or production have been noted. 

Cost: 
The gross cost of adding EcoCal was about 2.4 cents per hen per month or $28,700/yr per 100,000 hens. The effects 
of EcoCal on egg production were not evaluated in this test, but any increases in egg production would offset the extra 
cost. 

Implementation: 

A field evaluation of EcoCal was conducted at two 169,000-hen, mechanically —ventilated, high-rise layer houses in 
Ohio. The test was conducted at the site of a six-month particulate impaction system test that started on August 1, 
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2004 (Lim et al. , 2007). Data presented in this paper was collected from October 20 to January 26, which includes 
about six weeks of data before EcoCal treatment was introduced in house 2 on December 3. The W-36 laying hens in 
house 2 were fed a diet consisting of 7% EcoCal to determine its effects on NH3 emission rates. The untreated house 
1 housed W-98 laying hens, which were fed an industry standard diet. Nutritional content was adjusted to the genetic, 
age. and production status of the hens in both of the houses. 
Ammonia concentrations (ppm) were measured at the house exhaust fans and in incoming air using well-maintained 
and calibrated online analyzers. Other measured variables included house temperature, relative humidity, static 
pressure, and fan operation (Lim et al., 2007). After EcoCal was introduced in house 2, the mean daily exhaust 
concentrations became consistently less than house 1, Figure 1. After 10 days following the introduction of EcoCal, the 
daily mean exhaust concentration at the treated house was always less than the untreated house. Prior to introducing 
EcoCal, the mean exhaust concentrations of house 2 was very similar to house 1 from October 20 to November 16, 
but was much greater than house 1 during the two weeks prior to introducing EcoCal, Figure 1. 
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Figure 1. Daily mean NI-I3 concentrations of untreated house 1, and treated house 2. 

Similar to the NH3 concentrations, the emission rates of house 2 were higher than house 1 prior to the introduction of 
Er.oCal on December 3, Figure 2. The overall average NH3 emission rate of the untreated house 2 was 25% higher 
than house 1 during the six weeks prior to December 3. Since the NH3 emission rate of untreated house 2 was higher 
than the untreated house 1 in the six weeks prior to EcoCal implementation, the overall emission reduction of 51 % due 
to EcoCal applications may be an underestimate. However, given the fact that there was only one treated house, and 
lack of test replication, the house difference before the treatment was not used to adjust the reductions in the 
subsequent test. The overall emission reductions after December 14, assuming the effects of EcoCal has stabilized in 
about 10 days, averaged 51%, and ranged from 18% to 69%. 
Some important differences existed between the two houses. For example, the laying hens varied widely in age, 
genetics, and dietary crude protein requirements. The birds in houses 1 and 2 were 111 and 34 weeks old on 
December 1 and the mean weights were different. These factors had all contributed to the uncertainties of the 
emission reduction assessment. It is thus important to compare the emission rates based on per animal unit basis, 
wr-.-re one animal unit equals 500 Kg of animal weight. The mean NH3 emission rates were 327 g/d-AU for the 
untreated house 1 and 356 g/d-AU for the untreated house 2 during the six weeks prior to December 3, Table 2. The 
mean NH3 emission differences between the houses were -25%, -12%, and 51% for the three test periods, Table 2. 
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Figure 2. Daily mean NH3 emission rates of untreated house 1 and treated house 2 

Table 2. Emission rates and differences between treated and untreated houses. 

Date Treatment status 
Emission rate, g/d-AU Difference, % 
House 1 House 2 

10/20-12/2 None 326.6 356.0 -25.3 
12/3-12/13 Treatment (transition) 407.2 449.0 -11.7 
12/14-1/26 Treatment (equilibrium) 414.5 205.0 50.6 

Besides the pre-existing higher emission rates in the treated house prior to treatment, another differences occurred 
later as a flood in the house 2 manure pit occurred on January 16. The flood in the house 2 pit was caused by a 
broken water supply pipe. The wetter manure in the treatment house had probably emitted more NH3, thus working 
against the treated house in the comparison. Nevertheless, the NH3 emission from the treated house remained 
consistently less than the emissions from the untreated house, and was 51% lower overall. Considering the emission 
differences between the two houses prior to the test, the overall reduction in NH3 emission rates due to EcoCal was 
about 63%. 

Technology Summary: 
Continuous emission measurements at two mechanically-ventilated, high-rise layer houses were conducted to study 
the effects of Ecocal, a feed amendment, on reducing NH3 emissions. Data presented in this paper was collected from 
October 20 to January 26. The hens in house 2 were fed a diet amended by EcoCal, while the standard diet was used 
in house 1, which served as the untreated house for comparison. EcoCal utilizes gypsum (acidogen) and zeolite 
(indigestible cation exchanger) to decrease manure pH and, in turn, reduce NH3 emissions. Feeding a diet with 7% 
EcoCal significantly reduces ammonia emissions by effectively sequestering ammonium in the manure. An average 
reduction of 51% based on barn-to-barn differences was observed for one month after the emission rate stabilized 
following the introduction of EcoCal in house 2. 

The application of the EcoCal was expected to reduce NH3 emissions greater than 51%, but the test was 
compromised hindered by several unexpected incidents such as flood and disruption of feed delivery. The initial feed 
costs were increased by or $28,700/yr per 100,000 hens when EcoCal was added to the diet, but improvements to the 
production environment caused by EcoCal may improve productivity, which could offset the additional feed cost. 
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Practical Partial Biofiltration of Swine Exhaust Ventilation Air 
S. Hoff', J. Harmon', L.Chenl, K. Janni2, D. Schmidt2, R. Nicolai3, and L. Jacobson2

Iowa State University', University of Minnesota2, South Dakota State University3

Species: 
Use Area: 

Technology Category: 
Air Mitigated Pollutants: 

Description: 
The mitigation technique discussed is to utilize biofiltration for a portion of swine barn ventilation air. The portion 
mitigated is that portion of air emitted into stable atmospheres. Stable atmospheres have poor vertical mixing potential 
and therefore gases and odors emitted tend to remain close to the earth's surface and can therefore be sensed at 
longer distances downwind. It is impractical to mitigate all of the exhaust ventilation air required in swine housing. 
Techniques are needed that apply odor and gas mitigation to a portion of the ventilation air stream, when receptors 
might experience an odor event. Additionally, many barns incorporate combinations of fans and curtains (i.e. hybrid 
ventilated) to supply required ventilation air. Any mitigation strategy applied to barn ventilation air must be able to 
accommodate these hybrid ventilation systems as well. 

Swine 
Animal Housing 
Biofilter 
Ammonia (NH3), Odor 

Ventilation air exhausted during the heat of summer days is exhausted into an atmosphere that is, for the vast majority 
of times, very unstable providing excellent and natural mixing potential near the building source. In more stable 
atmospheres, typically present during the evening hours, biofiltration of a critical minimum amount of ventilation air (i.e. 
partial biofiltration) would reduce ammonia and odor emissions during those times when the potential for odor plumes 
to travel long distances is greatest. The overall effect would be a more attractive biofiltration strategy that maximizes 
ammonia and odor reduction potential when most needed. 

A strategy for providing partial biofiltration of a critical minimum amount of ventilation air for hybrid ventilated swine 
finishing facilities was developed and tested. The biofiltered critical minimum ventilation air (CMVR) was set at 81 
m3/h-pig (48 ft3/min-pig) with the intention of providing enough fan ventilation in a hybrid ventilated swine finishing 
facility to suppress curtain movement during stable atmospheres. Two side-by-side 300-head hybrid ventilated deep-
pit swine finishing rooms were used for this research, one room as the control (CTL) with the other treatment (TRT). 
The TRT room was fitted with a wood-chip based biofilter for scrubbing the CMVR. In terms of total room emissions, 
the TRT room had an average odor emission 37% less and an average ammonia emission 58% less than the CTL 
room. 

Mitigation Mechanism: 
Past research on swine housing ventilation rate characteristics indicates that significant rate changes occur over most 
summer days in order to maintain an acceptable internal climate (Hoff et al, 2004). The maximum ventilation rates 
experienced during the heat of the day are exhausted to an atmosphere that is, for the most part, very unstable 
resulting in significant vertical mixing and dilution near the source. Likewise, during more stable and cooler summer 
evening hours, a lesser amount of ventilation air is required to maintain an acceptable internal climate. This change in 
ventilation requirements, as a function of atmospheric stability, can be used to enhance the usefulness of odor and gas 
mitigation for barn ventilation air. 

Partial biofiltration, to be effective, must be applied to that portion of the ventilation air that is required for the 
predominant periods associated with hot weather evenings. This "critical minimum" amount of ventilation air mitigated 
would treat exhausted air when the potential for off-site gas and odor transport is greatest. This strategy will serve two 
usetul purposes; first, the amount of air required for biofiltration will be significantly less than the maximum barn 
capacity, and second, the end result will be a reduction in source emissions of key pollutants that are currently being 
reviewed by the USEPA (2005). 

This research defines a critical minimum ventilation rate (CMVR) that encompasses, for the majority of time, ventilation 
air that is delivered during the more stable evening hot-weather hours. Figure 1 is an example of a central Iowa deep-
pit swine finisher and the ventilation rate changes over a six-day period (USDA, 2001). This six-day sample (Aug 14-
19, 2003) shows that the ventilation rate was near maximum (140,000 m3/h = 146 m3/h-pig = 86 ft3/min-pig) during the 
hot periods of mid-day as would be expected. However, during early evening, evening, and early morning hours the 
ventilation rate required reduced to a rate of about 50,000 m3/h (= 52 m3/h-pig = 31 ft3/min-pig). It is the ventilation air 
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that predominates during hot-weather evening hours that would be considered the critical minimum, leaving the 
remaining exhaust air to disperse and dilute naturally with the corresponding unstable day-time atmospheres. 
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Figure 1. Building airflow changes with summer outside temperature. 

The goal of this research was to test a partial biofiltration strategy that could be implemented to mitigate a "critical 
minimum" amount of ventilation air from hybrid ventilated deep-pit swine finishers. Mitigation performance and 
operating costs are presented in this paper. Highlights of this research are discussed in this paper. A more detailed 
description can be found in Hoff et al. (2008). 

Applicability: 
The strategy of partial biofiltration presented in this paper was developed for hybrid ventilated swine finishing facilities. 
The concept of partial mitigation, beyond biofiltration, can be implemented to other gas and odor mitigation 
technologies involving animal housing ventilation air. Partial treatment of ventilation air is in general an "impact-based" 
technology where mitigation is applied to exhausted air that has the potential for impacting neighboring residences. 

Limitations: 
Treatment of exhaust ventilation air from animal housing must not negatively affect animal performance with ventilation 
rate restrictions. It is important that fan capacity be sized appropriately to accommodate biofilter requirements while 
maintaining the integrity of the ventilation system required for the housed animals. The project presented here 
investigated the use of biofilters on hybrid-ventilated deep-pit swine finishing facilities. Implementation of partial 
biofiltration on alternative ventilation methods (ie. tunnel ventilated) was not conducted with this research. 

Proper performance of biofilters requires an ample water supply to keep the biofilter media in the 50-60% range to be 
as effective as possible (Nicolai et al., 2006; Chen et al., 2008). In addition, one often over-looked situation that can 
exist in deep-pit swine finishing facilities is the fact that as manure level rises, there is a tendency for pit-fan intake 
blockage due to physical constraints between the slatted floor level and support beams required for the flooring. It is 
not uncommon to have pit fan intakes completely blocked with a full or near-full pit. In this situation, any mitigation 
strategy applied to pit fans is rendered useless. 

Cost: 
The biofilter application presented in this research required $4,959 for biofilter supplies and equipment including four 
new biofilter fans (table 1). The biofilter construction required approximately 120 hours of labor and at $15/hour 
equates to $1,800. In total, with supplies, equipment, and labor, the construction costs equaled $6,759 or $22.53/pig 
space. The biofilter fan operating costs averaged $0.0084/day-space to operate (June-October 2006 data used) 
compared to the control barn of $0.0034/day-space. This extra fan cost, spread over the pigs produced in one year, 
equates to an additional $0.42/pig-produced in biofilter fan operational costs. 
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Table 1. Biofilter construction costs. 

Units/f $/pig- 
Item $/Unit Unit t2 $/ft2 Total* space 

Life, 
yrs Pigs/Life $/pig 

... Concrete block ...10.24......... eAch012ck.........q.Ao.... NAL ......wp .....E.,..v , 
...............§4 IPMr.t.t2M...E0?....A.014i200krPPW1......1 .00  ...1(.0- 1.212.„,.. VI( §.1a. 

30 
15 

15 

10 

22,500 

11,250 

11,250 

7,500 

$0.02 

$0.03 

$0.03 

$0.08 

IR 

..... -. 1719q panel... $0.38 ft2 
.129— IM§.........$355...--.11.18 

N:N.N MMYIt iPee erill PIIA s WA 12 .  $ 0 . 6 7  MC.1.1.11.111ALAX.. AURA -411:499.6.1.... NI I 9§7..... am ;04 ....M11... 
IN:111. MINA. SI Fte2iAcAriniltta10....§1222.......:1922131112VI.........1119...........lii9.9,4marmaLithieL A.'s'', m.Milf:rimo N. : 15 11,250 $0.17 

.....Ifir-Rcn i P,RrA rittQtArc.,NM9,..—......4 M.AittIPP.t......... 0.01.........1929......... 1M......H.a. 7 5,250 $0.04 

Wood chips $1.43 ft3 0.83 $1.19 $1,129 $3.76 3 2,250 $0.50 

Total less labor $4,959 $16.53 $0.87 

Total less fans and labor $3,065 $10.22 $0.70 
* for the 947 ft` biofilter constructed. 

Implementation: 
This research was conducted at a cooperator's swine production site located in central Iowa. The facility used was a 
600-head hybrid ventilated deep-pit swine finisher consisting of two 300-head rooms separated by a solid wall. Both 
rooms used a 2.4 m (8 ft) deep manure holding tank located below the fully-slatted flooring. The wall separating the 
two rooms also separated the manure holding tanks with the exception of equalizing channels at the bottom of the 
separating wall. One 300-head room was designated as the control (CTL) with the other used as the treatment (TRT). 
Both rooms were identical before the start of this experiment. Each room was ventilated with two 61 cm (24 in) 
diameter pit fans located on the north side of each room, placed over pump-out locations. 

Curtains on both sides of each room were used to accommodate warm-to-hot weather ventilation requirements. 
These curtains, located on the north and south sides of each room, were controlled together by room but independent 
between rooms. The CTL and TRT configuration with the biofilter applied to the TRT room is shown in figure 2. 

2* 

CTL Room TRT Room 
Figure 2. Biofilter layout with gas sampling locations. 

The two original TRT room variable speed pit fans were replaced with four single-speed fans, controlled in four stages 
(table 2). Each of the four fans was progressively activated with each stage. At the final stage 4 condition, and 
assuming an operating static pressure of 75 Pa (0.30 in water column), results in an estimated maximum volumetric 
rate through the biofilter of 24,395 m3/h (14,347 ft3/min). 

Table 2. Biofilter fan specifications and staging. All fans from Multifan, Inc. 

Fan ID* Model Diameter, cm 
Operating Static Pressure, Pa 

0.0 12.5 75.0 
1 4E30O 30 2,380 2,295 1,615 
2 4E40O 41 5,270 5,015 3,400 
3 6E63Q 61 12,240 11,730 9,690 
4 6E63Q 61 12,240 11,730 9,690 

*see figure 2 

The biofilter design guidelines provided by Nicolai and Janni (1999), Janni et al. (2001), and Nicolai et al. (2002) were 
used for this research project. The target residence time for biofiltered air was 4 sec. At stage 4 with an estimated 
24,395 m3/h (14,347 ft /min) delivery rate, the biofilter volume required to achieve a 4 sec retention time was 27 m3
(953 ft3). The desired biofilter depth was established at 25 cm (10 in) resulting in a required biofilter surface area of 
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