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Annual Meeting Agenda
George Washington Carver Center, Beltsville, MD 

March 1-3, 2006
	March 1
	

	8:15
	Welcome, Dr. Ghassem Asrar, deputy administrator, ARS

	8:30
	Proposed project renewal, Rewrite team

	9:00 – 9:45
	An Economist’s View of Ecological Footprinting and Other Indexes of Long-Term Sustainability, Dr. Kelly Zering

	9:45 – 10:15
	Break

	10:15 – 12:00
	Open discussion of new project

	12:00 – 1:30
	Lunch, Carver Center Cafeteria

	1:30 – 3:15
	Panel discussion of project approach: Bob Wright (ARS), Richard Swenson (NRCS), Noel Gollehon (ERS), Ron Landy (EPA)

	3:15 – 3:30
	Break

	3:30 – 5:00
	Continue panel discussion

	6:00 – 
	Dinner at Sir Walter Raleigh Inn, Greenbelt Rd.

	March 2
	

	8:00 – 9:45
	Review and analysis of system assessment using emergy, Cavalett et al., 2006

	9:45 – 10:15
	Break

	10:15 – 12:00
	Finalize project deliverables, breakout groups by interest

	12:00 – 1:30
	Lunch, Carver Center Cafeteria

	1:30 – 3:15
	Continue group discussions of project deliverables

	3:15 – 3:30
	Break

	3:30 – 5:00
	Group reports and discussion

	6:00 – 
	Dinner, groups or individuals

	March 3
	

	8:00 – 9:30
	Business meeting

- deadline for each participant to submit their paragraph of contributions to each objective/task of the new project or submit at this time if written the night before

- election of Secretary

	9:30
	Adjourn


Meeting Summary

A. Meeting was called to order by Brent Auvermann at 0815h EST on March 1, 2006.

B. Members present (24) were sufficient to constitute a quorum for conducting business.  A complete list of members and guests attending the Business Meeting is incorporated into these minutes, by reference, in Appendix B.

C. The first day of the meeting consisted of presentation of the project renewal proposal, a supporting presentation by Kelly Zering of the issues involved in using economics to quantify environmental impacts, especially when resources are obtained from distant locations, and an open discussion of the project proposal.
D. Short presentations by ARS, ERS, NRCS, and EPA added to the discussion of the need to address environmental issues related to the food animal industries.

E. During the second day of the meeting, members discussed their activities and described how they would contribute to the new project
F. Ted Funk (University of Illinois) was nominated for S-1000 secretary-elect.  Funk accepted the nomination, which was approved by unanimous consent.

G. Meeting was adjourned by unanimous consent at 1500h EST, March 2, 2006.

Project Objectives

1.  Develop management tools, strategies and systems for land application of animal manures and effluents that optimize efficient, environmentally friendly utilization of nutrients and are compatible with sustained land and water quality.
2. Develop, evaluate, and refine physical, chemical and biological treatment processes in engineered and natural systems for management of manures and other wastes.

3. Develop methodology, technology, and management practices to reduce odors, gases, airborne microflora, particulate matter, and other airborne emissions from animal production systems. 

 4. Develop and evaluate feeding systems for their potential to alter the excretion of environmentally-sensitive nutrients by livestock. 

Justification and Need
The need for advanced science and technology in animal waste management continues as social and regulatory pressures for safe food and clean environment increase.  The regulatory climate around animal production has changed drastically in the past five years. A great deal of activity has occurred at the state and local levels on regulations and/or restrictions to control livestock and poultry production facilities, as well as the management of waste materials from those facilities. Following the announcement of the Clean Water Action Plan (CWAP) by President Clinton and Vice President Gore in February of 1998, EPA and USDA jointly developed and published Unified National Animal Feeding Operation (AFO) Strategy in March of 1999. The Strategy calls for AFO owners and operators to take actions to minimize water pollution from confinement animal facilities and the land application of manure. To accomplish this goal, the Strategy established a national performance expectation that all AFOs should develop and implement technically sound, economically feasible, and site‑specific comprehensive nutrient management plans (CNMPs) to minimize impacts on water quality and public health. Coordinated research, technical innovation, and technology transfer and increased data coordination are among the seven strategic issues that should be addressed to resolve concerns associated with AFOs. Extending and expanding the concerted and collaborative research effort of the investigators involved in the regional research project will ensure that the strategic issues are being addressed in a timely and effective manner.  Special efforts are planned to include economists, microbiologists and others to integrate the component solutions into strategies that are sustainable for US farms.ADVANCE \d 4
Nearly all the manure from AFOs in the US is currently land-applied (CAST 1996); in order to sustain production while protecting the environment, increased resources are needed to develop and transfer technologies to producers.  Specific needs are in the areas of site specific land application; effective manure handling and treatment systems for modifying and improving the properties of animal manure for optimal nutrient utilization; animal diet modifications for reducing excretion of nitrogen, phosphorous, and other environmentally sensitive chemical elements; crop system selection to best use the manure nutrients; and reducing nitrogen loss via ammonia volatilization. A holistic watershed approach needs to be taken to manage the nutrients from various sources including animal manure to prevent adverse impacts on surface and ground water quality (USDA 2001). The development of equipment to quickly determine nitrogen and phosphorus contents of soils and manures, and then accurately change application rates, is essential to make it possible to supply manure to meet the crop needs (Gilley and Risse 2000).  

Advanced and cost effective technologies are needed to explore the uses of manure as raw materials for value-added products, such as feed, fuel, and chemicals (Parker 2000). The fate and transport of pathogens, hormones and other constituents from manures to the various parts of food chain will require intensive research.  Innovative approaches are needed to avoid the contamination of foods with effluents from animal production facilities (CAST 1996).  

The airborne pollutants from livestock and poultry facilities offend many rural residents, making it difficult for farmers and homeowners to coexist.  Additionally, the air quality within facilities can have adverse health effects on workers (Thu 1995).  Methods are needed to objectively measure the gaseous and particulate pollutants, and then to reduce emissions from facilities. Improved animal facility design, manure treatment technologies and management practices are needed to minimize the generation and emission of odors, gases and particulates from AFOs (Miner 1995).

The institutions and individuals participating in the proposed MRF have demonstrated the capabilities to address all the needs listed.  Major benefits of the multistate cooperation will be in obtaining and comparing results from a broad geographic area, representing different climates, cropping systems and types of production management.

Related, Current and Previous Work

A CRIS search revealed only three regional projects closely related to the proposed replacement project: NCR-183, Utilization of Animal Manure and other Organic Residues in Agriculture, with a termination date of 9-30-01; NE-132, Environmental and Economic Impacts of Nutrient Management on Dairy Forage Systems, whose objectives are to study dairy forage systems primarily in the northern states; and NCR-189, Air Quality Issues Associated with Animal Facilities, with a termination date of 9-30-01.  The more than 1800 individual projects returned by a search on “manure”, “nutrient management”, and “waste treatment” revealed that a large proportion of related projects are associated with the terminating project S-275 for which this proposed project is a replacement; other projects around the US are largely complementary and do not represent duplication of effort. 

Land Application

The emphasis on potential human health impacts of water runoff from land application sites is relatively new, and projects across the nation have been initiated to study ways to curtail movement of zoonotic pathogens and hormones into public drinking water supplies (Sheffield 2000).  Work that complements the proposed multistate project includes the microbiology of the major pathogens and rapid methods of pathogen detection and identification.  The multistate project will use laboratory and field scale experiments to evaluate movement of the pathogens and best management practices for land application of manure and wastewater to minimize impacts.  

Prototype variable rate manure spreaders for semisolid manure have been developed and tested by two of the collaborating institutions.  Further work is needed to devise variable rate spreaders for slurry manure (CAST 1996).
Manure and Wastewater Treatment

While engineering solutions (such as the “package treatment plant”) to the manure problem are widely sought by industry as well as academic institutions, the project participants realize the value of a holistic approach to treatment that includes economics, byproduct utilization and marketing, the use of low-technology sustainable systems, and gives attention to potential negative environmental or societal impacts.  During the last five years, US commodity prices have put increasing pressure on producers raising financial risk for the adoption of new practices; if manure and wastewater solutions are not realistically evaluated for their cost to producers, the innovations will not be implemented.  The project collaborators recognize and include the extreme regional differences in goals and constraints for manure treatment systems, for example Minnesota (cold winters and substantial land availability) versus Hawaii (mild weather but extremely restricted land base).

Constructed wetlands for wastewater treatment have been evaluated over the past ten years (USEPA 1988).  Changes in societal acceptance of wastewater irrigation systems make the development of wetlands a very attractive alternative.  Some success is reported, however more work is needed to determine the optimum designs, loading rates, plant species etc. to make constructed wetlands applicable for a wide range of performance in wastewater treatment for confined animal production.  The multistate project will enable wetlands results representing a wide range of climates and plant species to be compiled into a comprehensive design guide useful to a large geographic area.

Anaerobic and aerobic digesters are being studied in several locations (Chynoweth et al 1998).  While the biological mechanisms of large-scale anaerobic and aerobic treatment are now fairly well known, the complexity and expense of systems has prohibited their widespread use.  Effort is being concentrated on devising economical, robust systems applicable to small to medium sized farm operations, particularly swine and dairy.  Economical digesters would play an important role in energy supplies, odor reduction and manure handling on farms (Moser and Roos 1997).

Much work has been and continues to be done on economical separation of liquid and solid fractions of dairy and swine manure (Zhang and Westerman 1997), since such treatment would potentially reduce costs, make available value-added manure marketing strategies, reduce manure odors, etc.

Air Quality

Much has been learned in the past ten years about air sampling, about health issues related to work inside facilities, and about characterization of odorous and particulate emissions (Auvermann et al. 2000).  New concerns are now surfacing about greenhouse gas emissions from confinement facilities, manure storages, and land application areas.  Several multiyear projects within the existing S-275 project are measuring ammonia emissions from buildings and land application areas. The multistate effort will address conditions across the US, looking at coastal, semiarid, and temperate climates.  Emphasis will be on best management practices and low-cost technologies for reducing emissions of those gaseous and particulate constituents currently identified as of most concern.

Feeding Strategies

A result of the worldwide attention given phosphorus pollution in surface waters is the recent development of synthetic phytase and low-phytate corn and soybeans (Koelsch et al 2000).  While the feed industry and plant breeders are making great strides in developing these ingredients, and the technology looks very promising as a way to reduce phosphorus loading on surface waters, an integrated approach is needed to evaluate the overall impact of these developments and possible side benefits.

Another high priority nationwide is dietary manipulation to reduce odors and ammonia volatilization from livestock and poultry manure (Auvermann et al. 2000).  

Several of the institutions in the existing project S-275 have long term experiments evaluating sustainable forage systems that utilize animal manure, spread mechanically and/or under grazing management, as the primary source of fertilizers.  The systems are being extensively modeled to determine optimum forage species, loading rates, runoff characteristics and best management practices.
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2005 Summary of Progress by Objective and Task
Objective 1

Develop management tools, strategies and systems for land application of animal manures and effluents that optimize efficient, environmentally friendly utilization of nutrients and are compatible with sustained land and water quality.
Task 1.1.
Methods to reduce nutrient movement from land application sites into surface and groundwater.
Reporting Scientists:  J. P.  Fontenot ,G. Mullins and G. Scaglia (Virginia Polytechnic Institute and State University)
Project:  Long-term application of broiler litter to pasture.
An experiment was conducted since 1995 to study the relative efficiency of recycling nutrients in broiler litter by feeding and soil application to pastures and the effects on soil composition.  Each year approximately 2,000 kg of broiler litter per hectare were fed to steers or applied to the soil.  Inorganic fertilizer was applied to supply equivalent amounts of nitrogen, phosphorus and potassium.  There has been a gradual increase in soil phosphorus on pastures in which litter was fed or applied and inorganic fertilizer was applied.  Also, soil copper was higher in pastures on which litter was fed or applied.  This past year no litter was fed or applied and no fertilizer was applied.  Usually, daily gains were lowest for cattle in pastures on which litter was not fed or applied and inorganic fertilizer was not used.  This trend continued during the past year when litter was not fed and litter and fertilizer were not applied.  Minerals in forages and blood have been in normal ranges.  Blood serum copper was higher for cattle fed broiler litter
Impact:  Utilization of poultry litter by feeding cattle on pasture would avoid applying excessive amounts to the soil.
Reporting Scientists:  H.M. Keener, M. Brugger, F.C. Michel Jr., J. Rausch, L. Zhao, Department of Food, Agricultural, Biological Engineering;  W. Dick, School of Natural Resources;  H.A.J. Hoitink, Department of Plant Pathology;  J.J. Hoorman, OSUE;  J.M. Smith, OSUE;  L.B. Willett, Department of Animal Science, Ohio State University
Project:    Ohio livestock manure violations.

Hoorman, et al. (2005) reported on Ohio's experience with application of liquid manure and agricultural wastes to cropped fields with subsurface drainage. In the 4-year period, 2000 to 2003, ninety-eight Ohio incidents were recorded where manure wastes flowed through agricultural subsurface drains (tile drains) to contaminate streams. Analysis of reports indicated violations occurred most frequently with land application of liquid swine or dairy manure wastes. Deep cracks in the soil, old root channels, earthworm burrows, and loamy soils promoted preferential flow of manure to drain lines and to surface waters. Violations occurred with all methods of application – irrigation, surface spreading, and subsurface injection. Multiple factors contributed to most incidents. Farm operators accounted for 63 manure violations and custom applicators one-fourth (26). Most operators did not have approved manure management plans (58 operations). Twenty-eight (72%) of the 39 operations that had a manure management plan did not follow their plans. Saturated soils or heavy rainfall (41 cases) was the most common factor cited. Lack of manure storage management, over application, equipment failures, and broken/shallow tile were other major factors identified. Avoiding these conditions should reduce the number and severity of incidents. Tillage may reduce movement of liquid manure contamination to subsurface drains by disrupting soil macropores, but 17% of the incidents occurred on soils that were tilled. The lack of proper manure application was a key factor in most manure violations.
Project:  Guidelines for liquid manure application on drained cropland in the midwest.  Rausch et al. (2005a,b) summarized results from the Liquid Animal Manure Application on Drained Cropland: Preferential Flow Issues and Concerns Workshop held in Columbus, Ohio (November, 2004). Seven extension priorities were identified: 1) Integrate simple manure application rules into the whole farm plan. 2) Required certification and continuing education credits for manure applicators. 3) Develop web-based fact sheets, video clips, and photos and use demonstrations to educate livestock producers on preferential flow issues. 4) Promote partnerships with agencies, industry, producers, and universities. 5) Develop educational programs for agency personnel on preferential flow issues related to manure application. 6) Develop computer programs to apply manure at a safe application rate. 7) Integrate manure management for liquid manure application into other programs. The top 17 research ideas were identified as well: 1) Pathogen transport and fate rated the highest. 2) Research soil types, water holding capacity, and preferential flow characteristics of soil. 3) Research manure characteristics. 4) Study application methods, application equipment and tillage methods. 5) Develop liquid manure testing methods, sensors, quick tests, and cost effectiveness of testing parameters. 6) Correlate factors from past manure violations cases into a national database. Other research priorities looked at developing alternative technology, adding value to the manure, research on precision application and variable rate technology, researching socio-economic data, water table control structures, water columns studies related to groundwater, storage/handling/application options, fate of liquid manure in agricultural subsurface drains, and developing parameters for manure characteristics.
Impact:  Develop guidance documents for farmers so they can apply liquid manures to land without polluting bodies of water.  Extension and research efforts will lead to development of guidance document on management practices that can mitigate preferential flow.
Project:  Manure Properties.  Studies were conducted on viscosity of liquid swine and dairy manure and the technical report Evaluation of Manure Flow-ability by Keener (2005) written.  The laboratory studies evaluate how moisture content and viscosity of liquid manures affected its flow rates through macropores of 7.24 mm (0.285 inches) and 1.27 cm (0.5 inches).  Results showed the viscosity of hog and dairy manure decreased exponentially as moisture content increased and that dairy manure had a higher viscosity than the hog manure at comparable moisture level.  On the basis of solids content, going from 0% solids (water ) to 5 and 10% solids increased viscosity 10 and 80 times for the hog manure and 60 and 1300 times for dairy manure, respectively.  Results of a 29 hole 7.24 mm sieve test showed swine manure with solids 13.2% and dairy manure with 5.8% had flow-abilities 1/10 that of water.  Results of the 0.5 inch funnel indicated hog and dairy manure would not flow if greater than 20% and 13% solids, respectively, even if the soil had holes as large as 0.5 inches.  Based on results, fresh dairy manure (12% solids) posses little risk of flow, while swine manure (11% solids) poses a potential risk.  Use of an industry slump test on the manures tested indicated that the manures were pump-able even when their flow-ability approached zero.

Impact:  Shift manure management practices to lower moisture liquid manure, thereby reducing potential for preferential flow.  Lowering manure moisture significantly reduces potential for preferential flow.  Results of studies on manure viscosity and flow-ability (relative to water) shows that lowering manure moisture , i.e. increasing solids, would be effective in preventing preferential flow at time of application.

Project:  Runoff Studies. A rain simulator was used to study  amounts of runoff constituents such as total suspended solids, total dissolved solids (TDS), ammonia nitrogen (NH3-N), phosphorous and potassium (K) from dairy cow manure/sawdust (C/N ratio of 36, N = 1.3%) composting in windrows.  Two years of research were reported (Keener, 2005b). The 1st year test (100, 25 and 5 year storm events based on 2 in/hr) included testing a fleece compost cover. Results showed chemical concentrations in runoff were higher for compost with a higher moisture content, 70% vs. 64%. Use of a cover lowered concentrations of pollutants.  Year 2 studies composting dairy manure/sawdust used a storm event of 2 in/hr for 1.5 hrs ((75 year storm) and 3 ages of compost, 0, 16.5 and 30 days (3 replicates). Results showed water runoff increased (went from 20% to 60% of rainfall applied) while nutrients in runoff decreased with compost age. Loss factors for %NH3-N, P and K from composts were evaluated for three time periods.  Results can be applied to the design of control structures for treating runoff from compost pads.

Impact:  Reduced cost of building control structures for treating runoff from composting/storage sites. Runoff studies provided data on expected nutrient loading rates in effluent from an outside composting site (loss factors for %NH3-N, P and K from composts) Information can be applied to the design of control structures for treating runoff from compost pads.
Task 1.4.
 Improve accuracy of manure land application in accordance with best management practices for nutrient planning. 

Reporting Scientists:  Ted Funk, Prasanta Kalita, Yuanhui Zhang, Michael Ellis (UIUC)
Project:  GPS based as-applied mapping strategies were developed for custom manure haulers.  Various GPS mapping strategies for towed-hose applicators and tanks were evaluated and refined.  Commercial software for hand-held mobile GPS units was used to demonstrate levels of system refinement, from simple vehicle tracking to coded maps of application rates.  Results were presented in training sessions to custom manure haulers and to livestock producer audience.  

Impact:  GPS as-applied mapping is a cost effective method of improving manure application accountability, recordkeeping, and accurate nutrient utilization.

Objective 2
Develop, evaluate, and refine physical, chemical and biological treatment processes in engineered and natural systems for management of manures and other wastes.

Task 2.1.
Develop and evaluate innovative applications of engineered biological treatment processes to stabilize waste, reduce odor, and manage nutrients.

Reporting Scientist: P.Y. Yang, E.S. Cho and L. Dong (U. Hawaii) 
Project:  Anaerobic EMMC (Entrapped Mixed Microbial Cell) reactor for dairy wastewater

Two locations of on-farm pilot plant studies for the milk parlor wastewater treatment/reuse systems were investigated. One is for the UH-Livestock farm and the other is for the private own dairy farm. Both of them were installed with anaerobic Bio-nest reactors (10m3 of each) and aerobic/intermittently aerobic reactor (4-5m3) of each reactor). Since these bioreactors were designed and operated in series with high biomass or microorganisms, the treatment efficiency for total COD can be 70 % for anaerobic bioreactor (HRT of 15 h) and 50 % for intermittent aeration reactor (HRT of 12 h). Total nitrogen removal of intermittent reactor can be 30-50 % and ammonia removal efficiency can be more than 90 %. This is proposed to receive the influent wastewater of TCOD of about 4,000 mg/L of primary settling tank. With all these potential of removal of organics and nitrogen, the treated wastewater can be directly reused or to be integrated with the existing lagoon system for reuse. For the reuse, the treated wastewater at the UH-Livestock Farm has been reused for the irrigation of pasture without any non-point source pollution problems. The one operated at the private dairy farm is proposed for integrating to the existing lagoon or directly reused for flushing the milk facility or further crop irrigation. If this option is implemented, the treatment cost of US$ 0.80 per 1000 gallons (3.8 m3) of milk parlor wastewater or about $63.00 for each ton weight of total COD removed is estimated to be required. 

Impact: Milk parlor wastewater can be treated and reused properly via this pilot project of potential integrating the innovative bioreactors with the existing anaerobic lagoon wastewater treatment system. This will allow the U.S dairy farm to be able to achieve the goal of developing the friendly agricultural production and environmental protection system.

Reporting Scientists:  Jiayang (Jay) Cheng (North Carolina State University)
Project:  Thermophilic anaerobic digestion 

Anaerobic digestion in an attractive waste treatment practice in which both pollution control and energy recovery can be achieved. Many agricultural and industrial wastewaters are ideal candidates for anaerobic digestion because they contain high levels of easily biodegradable materials. Problems such as low methane yield and process instability are often encountered in anaerobic digestion, preventing this technique from being widely applied. A wide variety of inhibitory substances are the primary cause of anaerobic digester upset or failure since they are present in significant concentrations in wastewaters. Considerable research efforts have been made to identify the mechanism and the controlling factors of inhibition. The inhibitors commonly present in anaerobic digesters include ammonia, sulfide, light cations, heavy metals, and organics. The inhibition effects of potassium ion on anaerobic digestion of swine wastes were studied. Inocula obtained from a thermophilic anaerobic digester (HRT = 10 days) treating swine manure were used in batch inhibition tests. High potassium concentration caused inhibition in the anaerobic digestion of swine wastes. Without acclimation, the inhibition threshold started at 3 g K+/L. Volatile fatty acids accumulation was observed during the decline of methane production.  Propionic acid was the dominating fatty acid, indicating propionic acid utilizers were more sensitive to potassium inhibition than acetoclastic methanogens. Acclimation to 6 g/L of potassium increased the tolerance of anaerobic inocula without significantly reducing the methanogenic activity. Inhibition threshold was increased from 3 g K+/L to 6 g K+/L. Acclimation of inocula to 9 g/L potassium further increased the inhibition threshold to 7.5 g/L. However, the overall methanogenic activity was lower than that of unacclimated and 6 g/L acclimated inocula.

Impact:  Thermophilic anaerobic digestion is an attractive technology for animal manure management because it produces energy source such as methane and/or hydrogen, kills pathogens, and requires relative small digesters.  However, one of the major concerns about the technology is its stability or easy to be upset.  Inhibition is one of the main reasons to cause the problem.  Understanding of the fundamentals of the inhibition on thermophilic anaerobic digestion would help design stable high-rate anaerobic waste management systems and enhance the applicability of the thermophilic anaerobic digestion technology.

Reporting Scientists:  Jiayang (Jay) Cheng (North Carolina State University)
Project:  Anaerobic and intermittent aeration treatment
Intermittent aeration (IA) process has been investigated for nitrogen removal from anaerobically pre-treated swine wastewater (APTSW) that contains a high concentration of ammonium and a low sCOD (soluble chemical oxygen demand)/N ratio. Nitrogen removal from the APTSW was achieved through nitrification and denitrification in a single, semi-continuously fed reactor that was operated with alternation of aeration and non-aeration at room temperature (23oC).  Aeration created an aerobic environment for nitrification, while non-aeration provided an anoxic condition for denitrification.  Over 87% ammonium and nitrogen were removed in the IA process. Nitrogen removal through nitrite reduction has been observed in the process.

Impact: Ammonia removal through the intermittent aeration (IA) process significantly reduces the cost by less aeration time. Nitrogen removal through nitrite reduction can also save approximately 40% of the required energy, compared to nitrogen removal via nitrate reduction. The IA process has a great potential in nutrient management of wastewaters.

Reporting Scientists:  John J. Classen (North Carolina State University)
Project:  Sequencing batch reactor

Evaluation of the Alternative Natural Technologies, Inc. (ANT) Sequencing Batch Reactor (SBR) was completed.  Without disposing of biosolids, the SBR system was able to consistently achieve 83%, 64%, and 60% removal of TKN, COD, and suspended solids COD, respectively, under normal loading conditions.  Including the planned biosolids handling system, the SBR system removed 90% of TKN, 84% of COD, and 90% of suspended solids COD under normal loading conditions.

Reporting Scientists:  Deanne Meyer (University of California - Davis)
Project:  Research activities continue to focus on the use of advanced treatment technologies on commercial dairies.  A project is underway to evaluate nutrient and pathogen flow into and out of an anaerobic digester (covered lagoon).  This project began in fall of 2005.  No data are available to report.

Major emphasis for the reporting period was participation in the Dairy Permit Advisory Group of the San Joaquin Air Pollution Control District.  This group proposed emission factors and Best Available Control Technologies for new or expanded facilities to reduce volatile organic compound emissions.  Significant review of the literature and interaction with other members of S-1000 was necessary to provide the appropriate scientific information.

Outcomes:  Emission factors and BACT were selected by the Air Pollution Control Officer.  Tremendous amounts of research dollars have been identified to address the many gaps in data and information.  Over one million dollars will be invested in gaseous emissions research over the next months.

Impact:  The Air District now has an emission factor to regulate dairies.  Unfortunately, this is a true false sense of security as the factors are incomplete and their use will likely have NO impact on environmental quality.

Reporting Scientists:  H.M. Keener, M. Brugger, F.C. Michel Jr., J. Rausch, L. Zhao, Department of Food, Agricultural, Biological Engineering;  W. Dick, School of Natural Resources;  H.A.J. Hoitink, Department of Plant Pathology;  J.J. Hoorman, OSUE;  J.M. Smith, OSUE;  L.B. Willett, Department of Animal Science, Ohio State University
Project:  Composting process - field studies.  

Studied composting of sand laden dairy manure with waste paper and yard trimmings. Michel et al. (2005b) reported on the effects of common amendment and bedding types (straw, sawdust and sand) on windrow size, mass, volume, dry matter, and nitrogen losses during composting of dairy manure. Results showed that starting windrow volumes for straw amended composts were 2.1 to 2.6 times greater than for sawdust windrows. Sand bedding resulted in greater compost densities, less weight loss and >50% more final compost on a per cow basis. All sawdust-amended composts self-heated to >55°C within 10 days. Sawdust composts without sand maintained these levels for more than 60 days meeting pathogen reduction guidelines. However, none of the straw-amended or sand bedded sawdust amended composts met the guidelines. All of the composts were stable after 100 days and exhibited manure volume and weight reductions relative to the initial manure. Initial compost C:N ratios ranged from 25:1 to 50:1 and the manure nitrogen lost during composting ranged from 2% to 38%. There was a negative correlation between initial compost C:N ratio and nitrogen loss (R2=0.59). An initial C:N ratio of greater than 40 resulted in nitrogen losses less than 10% during dairy manure composting with all three bedding types.
Impact:  Reduced cost of manure management, transporting nutrients offsite.  Studies on dry matter and water loss during composting allow economic analysis to be made on process cost and cost of transporting nutrients offsite.

Project:  Compost process -modeling.
Ekinci et al. (2005a,b) used numerical modeling to study the effects of aeration strategies - recirculation and reversed-direction airflow on composting system efficiency. The thermodynamics, kinetics, and energy use of composting systems with air recirculation were determined by simulating the composting for paper mill sludge and biosolids. Results showed that at low airflows and high recirculation ratio, heat removal by the exhaust gas was insufficient to maintain set point temperatures with the result process temperatures increased and limited the reaction rate. Consequently, dry matter loss decreased indicating prolonged processing time to reach stability. Types of feedstock, magnitude of airflow and recirculation ratio, all affected energy use of system. Keener (2005a) studied the effects of intermittent aeration on the composting operation.  A multi-parameter kinetic model in conjunction with heat and mass balance equations were used to predict and optimize the performance of composting systems. Equations evaluating airflow and on/off fan cycle times on composting temperature, oxygen and moisture were developed. Kinetic data from pilot scale experiments using three different feedstocks: municipal solid waste, biosolids/woodchips, and grass/leaves/brush were used in the derived equations to evaluate the composting systems operation.

Impact:  Reduced cost of composting animal manures.  Studies have documented effects of controllable factors on kinetics of process, enabling engineers to reduce facility and operating cost of compost systems.  Showed low airflow, regardless of composting system configuration, was main factor to minimize energy usage, yet achieve a specific rate of decomposition. Developed Excel computer simulation models of composting process enable farmers to optimize design and management of facilities, to minimize cost of treatment and enable better management of composting process.

Project:  Composting process - odor control.  

Willet et al. (2005) reported results of laboratory and field studies on the effects of continuous and intermittent aeration on volatile chemicals emitted and NH3 loss during composting dairy manure/sawdust mixes.  Lactating cow and heifer manures, both fresh and 12 day aged, were used.  Material samples of initial manures and composts at intervals from all systems and exhaust gas condensates from the pilot-scale vessels were collected.  The condensates and extracts from the material samples were analyzed for volatile fatty acids (VFAs, C2 to C5), phenolics and indolics.  Gas chromatography using either flame ionization or mass spectrographic detection was employed.  Data were analyzed using repeated measures mixed model ANOVA as dictated by the experimental design.   Anaerobic aging greatly enhanced the concentration of volatile organic compounds (VOC)s in manures.  Composts that were maintained aerobically had rapid declines in concentrations of VOCs with 98 to 100% eliminated within a week. Composts allowed to become anaerobic increased in VOC concentrations.  Excessive aeration of composts did not enhance VOC elimination and increased VOC and ammonia emissions.  Generally emissions of VOCs from closed composting vessels represented less than 0.25% of the VOC odorants in the initial compost mixes.  This suggested that the majority of the VOCs quantified were utilized by, rather than emitted from, the composting mass.  Field studies showed addition of small quantities of air (1.6 g/kg/hr) during windrow composting was sufficient to maintain aerobic conditions.

Impact:  Reduced odor generation during composting of animal manure.  Odor studies have documented collecting and composting fresh manure has potential to reduce odor at composting site.  Aeration during composting resulted in destruction of odorous compounds (95-100%) by day eight.  Biofilters are only needed for short period of times. Composting dairy manure/amendment mix with C/N above 40 reduces N losses significantly.
Project:  Composting process - pathogens.  

Michel et al. (2005a) published a paper on the persistence of microbial pathogens during composting, liquid-storage and pack storage of dairy and swine manures.  The report focused on microorganisms which can infect humans and/or animals, namely Escherichia coli O157:H7, Listeria monocytogenes, Salmonella spp., and Mycobacterium avium subsp. paratuberculosis (M. paratuberculosis).  In dairy manure, Escherichia coli, Salmonella, and Listeria were not detected in the manure after 3 days of composting at 55°C.  In liquid dairy manure and pack treatments, some of these microorganisms were detectable up to 28 days.  M. paratuberculosis was undetectable in any treatment at 3 and 7 days.  However, on days 14, 28 and 56, M. paratuberculosis was again detectable in the liquid storage treatment but remained undetectable in the compost and pack treatments.  However, M. paratuberculosis DNA was detectable through day 56 in all treatments and up to day 175 in liquid storage treatments. In the swine manure, L. monocytogenes was present in all the treatments for 28 days and in compost mixes through day 56 at both temperatures. The MPN of  L. monocytogenes were significantly reduced in sawdust manure compost at 55°C on day 3 but not in the same mix stored at 25°C.  Salmonella was detected until 28 days in sawdust manure mix at 55°C, 42 days in aerated slurry and 56 days in sawdust manure mix at 25°C and unaerated liquid manure.  Salmonella MPN were reduced to 44 in sawdust manure mix at 55°C and 1.2 x 104 in aerated slurry on day 3 whereas numbers were unchanged in the sawdust manure mix at 25°C and the unaerated liquid.   Taken together, the results indicate that high temperature composting is more effective than pack storage or liquid storage of manures in reducing pathogens.  Therefore, thermophilic composting is recommended for treatment of manures destined for pathogen sensitive environments such as vegetable production, residential gardening or application to rapidly draining fields.

Impact:  Promote thermophilic composting as a treatment method to control pathogens in manure.  Studies documented effects of 55 oC on pathogen in animal manures.
Reporting Scientists:  Charles J. Clanton, Professor, Philip Goodrich, Associate Professor, Brian Hetchler, Research Fellow, Larry D. Jacobson, Professor, Kevin A. Janni, Professor, Verlyn Johnson, Information Technology Professional, Curtis Miller, Assistant Scientist,  Southern Research and Outreach Center (SROC), Waseca, MN, David R. Schmidt, Assistant Extension Engineer Zhijian Zhang, Post-Doctoral Associate, SROC, Jun Zhu, Associate Professor, SROC, Biosystems and Agricultural Engineering Department, University of Minnesota
Project:  Development of a Field-Scale Surface Aeration System to Treat Swine Manure for Odor Control
Water tests for the aerator module consisting of venturi air injectors connected in series were conducted to determine the optimal number of injectors needed to maximize the oxygen transfer efficiency.
Impact:  It is expected that a cost efficient surface aeration system may be developed for use by swine producers to ameliorate air pollution caused by the odor emanating from the current liquid manure storage facilities such as lagoons, earthen basins, and ponds.

Project:  Simultaneous Removal of Nutrient and Organic Mater in Liquid Swine Manure Using Sequencing Batch Reactors

The project is ongoing. The results from the completed portion indicate that the (AO)2 SBR system can successfully carry out the nitrification process, resulting in a nearly complete removal of ammonium nitrogen added to the reactor (99.9%). Also removed is nitrite nitrogen at the end of the cycle, although it is not present at a significant level throughout the treatment. Scanning electron spectroscopy pictures show good development of bacterial groups responsible for nitrification/denitrification and phosphorus removal. Further research is needed to scale up the reactor so that it can be used at the farm level.
Impact:  There are many ways to remove nutrients from manure before disposal, but using sequencing batch reactors can be an effective pathway to reduce nitrogen, phosphorus, and carbon simultaneously in a single reactor. Information obtained from this study can be instrumental in developing full-scale sequencing reactors for on-farm use.
Reporting Scientists:  D. Craig Sheppard and G. Larry Newton, University of Georgia, and Tom Matthews, Washington State Univ 
Project:  Biodiesel and Protein from Soldier Flies
Manure management continues to be a major concern for livestock producers and others concerned with environmental quality. Poorly handled manure results in odors, pest insects and degraded water quality. Biogas production (methane and other gasses) is widely viewed as a better manure management practice that can recover considerable value. UGA entomologists developed a novel system to digest manure with the non-pest black soldier fly and produce valuable products. Manure is reduced to a humus-like material with a 75-80 percent reduction in problematic nutrients while also producing prepupae containing 35 percent oil and 42 percent protein. If the prepupae oil is processed into biodiesel, the energy in this biodiesel is about 67 percent of the energy that could have been collected as biogas from the original manure fed to the soldier fly larvae. In addition to the biodiesel, a significant amount of protein and other valuable products remain after oil extraction. The total value of $8.40 from the soldier fly recovery is considerably more than the biogas value of $4.50. Manure digestion with soldier flies practically eliminates environmental problems and produces significant saleable products. The two soldier fly products mentioned here are valued at 87 percent more than the biogas from the same manure.
Task 2.2.  Develop and evaluate vegetated or aquaculture-based treatment systems for treating wastewater or runoff from concentrated feeding operations or land application sites.  

Reporting Scientists:  W. Powers (Iowa State University)
Project:  Non-Basin Technologies for Open Feedlot Runoff: Demonstration, Implementation, and Modeling.

The peer review process for four models, the Effluent Limitations Guideline Model (ELG), Vegetated Treatment Area Model (VTA), Vegetated Infiltration Basin Model (VIB) and the Combined Vegetated Treatment Area / Vegetated Infiltration Basin Model (VIB/VTA), was completed. The use of these models will be required for the successful design and permitting of first alternative treatment systems to be permitted in the nation under the 2003 revised Concentrated Animal Feeding Operation regulations. The successful completion of the peer review process was required before any alternative treatment systems for beef feedlot run-off in Iowa could be permitted. The first alternative treatment system permits for CAFOs in the nation are expected to be issued based on the ISU model results for six beef feedlots in Iowa. These feedlots will then be monitored for a two year period by ISU as part of an EPA funded research project to quantify the performance of alternative treatment systems for beef feedlot runoff.
Impact:  The first five alternative treatment system permits for CAFOs in the nation have been issued based on the ISU model results for feedlots in Iowa.

Project:  U.S. EPA Microbiological Study Sample Collection

Automated samplers have been set-up at five locations within and around the alternative treatment system at a beef feedlot. Sample are being collected for pathogens analysis from five locations within and around the alternative treatment system; 1)before entering the VIB, 2) after the VIB / before the wetland, 3) after the wetland / before the filter strip, 4) upstream of  discharge to a stream, and 5)downstream of discharge to a stream.

Impact:  US EPA is using these weekly and event based samples to develop standard methods for analyzing pathogens in animal agriculture treatment systems.
Project:  Concentration and Extraction of Phosphorus from Swine Manure Slurries (as Struvite)
Laboratory tests are being carried out to optimize the concentration and extraction of struvite from swine manure slurries for scaling up the process to field scale.  A prototype system to control magnesium injection for struvite formation is being tested. Initial results indicate that appropriate magnesium addition rates can be determined in real-time using pH and conductivity measurements.
Reporting Scientist:  R.K. Hubbard (USDA-ARS, Tifton, GA)
a.    The potential for using overland flow vegetated buffers to utilize N and P from swine lagoon wastewater is being evaluated at a commercial hog producer (Southern Select) located near Tifton, GA.  

The producer has an inventory of around 2500 hogs at all times.  A grass buffer (coastal bermudagrass [Cynondon dactylon L. Pers “Tifton 85”) 10 m in width was planted upslope of a mature forest on the south side of a stream and upslope of land planted to cotton on the north side of the stream.  Each plot on the south side was 61 m in width and total length (grass buffer plus mature forest ) ranged from 98 to 133 m.  On the north side of the stream the land in cotton was planted to pines during the summer of 1998.  The experimental design for this study involved 6 land areas including 2 controls, 2 areas receiving wastewater based on N content, and 2 areas receiving wastewater based on P content.  N content of the wastewater averaged about 300 mg/L, while P content averaged about 30 mg/L.  Wastewater was applied with target rates of 800 kg N/ha/yr for the areas receiving wastewater based on N content, and 100 kg P/ha/yr for the areas receiving wastewater based on P content.  There were 3 transects of ground water wells per area and 4 well sites on each transect.  These were sampled 2-3 times per year.  Soil samples were also collected on transect on an annual basis.  All soil and water samples were analyzed for N and P species. A manuscript on N assimilation by the system was prepared during 2005 and submitted to Transactions of the ASAE.

b.
A study is being conducted on the University of Georgia Ponder Farm in Tift Co., GA, to determine the effectiveness of grass buffer strips in removing nutrients from surface runoff from cotton receiving poultry litter.  

The site was divided into eighteen plots, which ran up and down the slope.  They were 45.6 m in length and 6.4 m wide.  Each plot, for the full 45.6-m length, was bounded by plastic borders inserted into the soil to 0.15 m and extending 0.15 m high above the soil surface.  Borders were installed to confine runoff within individual plot boundaries.  The soil was Tifton loamy sand with 2.0 to 3.0 % slope.


The study tested grass variety (Common Bermuda grass vs. Coastal Bermuda grass) and buffer length (no buffer, ½ buffer length, or full buffer length).  Plots were subdivided at their midpoints on the lengthwise dimension.  The upper half of each was reserved for cotton which received poultry litter at the rate of 2 ton/acre.  The lower half of 9 plots each was sprigged with Common Bermuda grass (Cynondon dactylon L. Pers.) or “Tifton 85” Bermuda grass on June 20, 2000.  “Tifton 85” is a very productive hybrid with rapid and robust growth.  It has excellent value as a forage crop.  Common Bermuda grass is indigenous to most field edges throughout the Coastal Plain.  It is less productive than “Tifton 85” but is easily established and may volunteer spontaneously, minimizing establishment requirements.


Plots within the two grass treatments were further subdivided by positioning runoff collectors at the bottom edge of the cotton crop area, mid-way through the grass filter strips (11.4-m) and at the bottom edge of the filter-strips (22.8 m).  There were three plots of each type.  The overall experimental design consisted of two grasses and three grass filter lengths, 0, 11.4, and 22.8-m.  Surface runoff collectors were located at each sampling position.  Water samples were collected after each runoff event and analyzed for N and P species.
c.
A study was started in late 2003 involving winter cover crops, conservation tillage, and application of composted municipal sludge on a Tifton loamy sand.  The objective of the study is to determine the effects of the tillage, cover crop, and municipal sludge treatments on crop yields, soil structure, soil carbon content, microbial biomass, and microbial respiration.  

The study is randomized complete block including conservation tillage, cover crops (Rye, Crimson Clover), and composted municipal sludge on a sandy Coastal Plain soil at Tifton, GA. The composted municipal sludge is from the city of Douglas, GA.  This sludge has an N-P-K rating of 3-3-3.   Each plot is 5.5 m X 5.5 m and contains 3 beds 6’ wide.  The experimental design is 2 X 2 X 2 X 2.  The cropping system will be cash crop followed by cover crop.  The cash crops will include cotton and eggplant. 


We are measuring saturated hydraulic conductivity, bulk density, and soil moisture retention on minimally disturbed soil samples collected three times each year from each plot.  The cores are collected using an impact type sampler which collects a soil core in a 7.6 cm diameter by 7.6 cm height aluminum ring.  The core samples are collected from each replicated plot both between rows and within the row.  Saturated hydraulic conductivity is measured by the constant head method.  Bulk density measurements are made as g cm-3 on oven dry cores.  Soil moisture retention is measured on the replicated cores using tempe cells.  We are measuring microbial biomass C (MBC) and N (MBN) in the top 2 cm of soil four times per year using a modification of the chloroform fumigation-extraction procedure described by Brookes et al. (1985).  The procedure involves extracting soil sub-samples with 0.5 M K2SO4 with or without pre-treatment with ethanol-free chloroform to facilitate cell lysis. Chloroformed samples are maintained in dessicators for 7 days at room temperature.  Both sets of samples are filtered (Whatman GF-F) and filtrates are analyzed for C on a Shimadzu TOC 5000 DOC analyzer.  MBC is set equal to the difference in the mass of C extracted from soil with and without chloroform fumigation.  An extraction efficiency of 0.35 as suggested by Voroney et al. (1991) is assumed when calculating total MBC.  MBN is determined from the same extracts using the in-line total-N digestion procedure described by Lachat (QuikChem Method 12-107-04-3-B, Lachat Instruments, Loveland CO).  An extraction efficiency of 0.68 as suggested by Brookes et al. (1985) is assumed when calculating total MBN.  Sub-samples collected for microbial biomass analyses are used to determine total soil C and N content on oven dried and ball-milled samples using a Carlo Erba Model NA 1500 series 2 carbon-nitrogen analyzer.  All data from the study will be statistically analyzed using PROC GLM procedures (SAS, 1999) for 2 X 2 X 2 X 2 experiments. 

d.  A field test of the feasibility of using floating mats of vegetation on swine wastewater lagoons is ongoing.  

An earlier small scale replicated tank study testing this concept was completed in 2002 (Hubbard et al., 2004), and showed that plants can successfully grow and produce biomass in swine lagoon wastewater.  This study is being conducted on a single lagoon at Southern Select farm near Omega, GA.  Southern Select maintains an inventory of around 2500 hogs, with all wastes being flushed into a single anaerobic lagoon.


For the first study we used PVC frames with chicken wire and a fiber mat as the floating platform.  We are currently cooperating with two private companies that have designed improved floating platforms of plastic and a coir mat.  We are testing their mat design.  The experiment started in 2005 includes five plant species with four replicates of each species.  Preliminary tests in 2004 showed that in general grass species do better than wetland or horticultural species in the high NH4-N,  low oxygen (O2) environment found in the single anaerobic lagoon at Southern Select Farm.  Our replicated study includes Coastal Bermudagrass, Common Bermudagrass, St. Augustine Grass, Giant Reed, and a wild Millet.


 Biomass will be cut on an as needed basis from each set of replicated frames.  The floating mat frames, which are tied by rope to stakes on the side of the lagoon, will be brought to land and the biomass will be hand harvested using landscape trimming equipment.  The cut biomass will be air dried, weighed, and then placed into replicated compost bins (55 gallon garbage cans) for composting.  When the composting process is complete, the material will be dried and ground and analyzed for N, P, and K content. Value of the composted material as a soil amendment will be tested in greenhouse pot studies on horticultural species (may include shrubs, flowers, and vegetables).  Plant growth rates, soil nutrient levels, and soil moisture retention of the compost amended soil as compared to a control will be determined by the greenhouse study.  Tests will also be made of the transplantability of mats of the grasses.
e.  A replicated field study determining N mineralization rates of poultry litter in Coastal Plain soils is ongoing.  

The experimental design was designed by the ARS mineralization team.  One study on a sandy coastal plain soil was conducted at Tifton, GA during 2004, and the second one, on a clayey soil, was conducted near Dawson, GA during 2005.  Replicated soil cores (96) received poultry litter which was incorporated into the top 4 cm of soil. The poultry litter was applied at a rate which supplied 350 kg N per hectare furrow slice.  At the bottom of each soil core a mesh bag containing resin beads was installed to trap N species lost through leaching.  Replicate cores were removed at specified time intervals up to 90 days after incorporation of the poultry litter.  The soil was extracted for measurement of NO3-N, NH4-N, and total N content. The resin beads were extracted for measurement of NO3-N and NH4-N. Results from this experiment will be incorporated into the ARS mineralization team data base which includes multiple locations throughout the U.S. and different animal manures (swine, poultry, dairy, and beef).  A manuscript from this research is currently in progress.

Impact: The research program at Tifton is designed to develop technologies for utilization of animal wastes and municipal sludge such that nutrients are captured and used to produce biomass while environmental quality is protected.

Task 2.3.  Develop and evaluate physical and chemical treatments for recovering or stabilizing manure solids or manure treatment by-products for improved utilization alternatives.

Reporting Scientists:  P.W. Westerman, (North Carolina State University)
Project:  Stabilizing or Recovery of Solids
1.  BEST Solutions, LLC Solids-Liquid Separation Systems and Solids Combustion 

Evaluation of two solids/liquid separation systems for flushed swine manure were published in a journal.  The two systems were: (1) a screw-press separator (FAN® Separator (USA), Inc.) followed by tangential flow gravity-settling tanks (TFS system) (QED Occtech of Australia), and (2) a screen and screw-press separator (Filtramat ™ separator made by Denitral of France and marketed in North America by Environgain of Quebec, Canada) followed by the TFS system.  Input to the separation systems typically had 0.5% to 1.0% total solids. As a percentage of input to the systems, the recoveries in separated solids were about 10% for total solids, about 10% to 20% for suspended solids, and about 1% and 4% for nitrogen and phosphorus, respectively. The recovery of moist solids (70 % moisture) per unit of flow was variable and averaged about 3 to 4 kg per cubic meter (25 to 33 lb per 1000 gal.). The moist separated solids averaged about 0.5% nitrogen and 0.1% to 0.2% phosphorus. Although concentration reductions through the total system did not agree well with the mass recoveries, the concentration reductions through the TFS systems were similar for the two sites, and showed 40% to 60% reductions for suspended solids, phosphorus and several other parameters.  Concentration reductions through the FAN and Filtramat components were 13% and 6% for total solids, respectively.  

2.  Environmental Renewal Technology Centrifuge system

Performance evaluation was reported in a conference paper for Environmental Renewal Technology Centrifuge system for flushed swine manure and swine lagoon sludge, with and without chemical amendments.  Without chemical amendments, the centrifuge removed 40 % to 50 % of suspended solids, 60 % of phosphorus, and 20 to 25 % of nitrogen.  Adding a coagulant and a flocculant increased removal to 80 % for suspended solids and phosphorus and 45 % for nitrogen. The centrifuge cake had 30 % total solids, and averaged 0.75 % nitrogen and 1.0 % phosphorus (wet basis). 

3.  Struvite crystallizer for removing phosphorus
Performance of a continuous-flow cone-shaped struvite crystallizer for removing phosphorus from swine lagoon liquid was published in two journal articles.  Struvite is relatively easy to dry and transport and has potentially high fertilizer value as a slow-release fertilizer.  Field tests showed removal of up to 80 percent phosphorus with addition of Mg and raising pH to about 8.5.
Reporting Scientists:  G. Larry Newton, University of Georgia, and Robert K. Hubbard, USDA-ARS
Project:  Energy, Forage and Clean Water from Dairy Manure

The technology for producing animals and animal products has changed significantly. However, the methodology generally employed for dealing with the manure and wastes produced by livestock has remained virtually unchanged. A UGA animal and dairy science project proposed a preliminary development and proof of concept for an integrated system for the treatment of, and resource recovery from, the waste stream of a flush-cleaned dairy by installing and monitoring a pilot scale system. The system is driven essentially by gravity and sunlight. This system requires considerably more land area than a conventional municipal treatment system, but requires only a small fraction of the fossil fuel energy of such a system. Solids reduction through the settling basin has been 60-65%, a high rate for the relatively low solids starting material. Biogas production has been relatively low to this point because the loading rate has been controlled to produce only enough effluent to supply the hydroponic forage unit. As the forage production unit is enlarged and the loading of the digester is increased, gas production should increase accordingly. Overall nutrient concentration reductions from the barn sump to the end of the hydroponic trays has been 90-95 percent for nitrogen, 70-75 percent for phosphorus, about 10 percent for potassium, 60-65 percent for calcium and 20-25 percent for magnesium.
Task 2.4. Develop and evaluate biological or thermochemical treatment of animal manures for conversion into value-added products.

 SEQ CHAPTER \h \r 1Reporting Scientist:  Ted Funk, Prasanta Kalita, Yuanhui Zhang, Michael Ellis (UIUC)
Project:  A continuous thermochemical conversion technology, for the production of a crude oil product from manure and other agricultural by-products, was licensed to a commercial entity for the purpose of continuing specific tests and building pilot plants.  Several kinds of feedstocks continue to be tested in the laboratory scale apparatus, to further our understanding of the chemical kinetics and the optimum parameters of temperature, pressure, retention time, and catalyst additions.  

Impact:  Thermochemical conversion process has the potential to produce up to 20 US gallons of crude oil product per finishing pig.

Reporting Scientists:  H.M. Keener, M. Brugger, F.C. Michel Jr., J. Rausch, L. Zhao, Department of Food, Agricultural, Biological Engineering;  W. Dick, School of Natural Resources;  H.A.J. Hoitink, Department of Plant Pathology;  J.J. Hoorman, OSUE;  J.M. Smith, OSUE;  L.B. Willett, Department of Animal Science, Ohio State University
Project:  Composting - value added product..  

Wilkinson et al. (2005) presented results from a study on using compost made from horse manure and cardboard bedding (hm/cb) as an amendment in soilless mixes marketed in the horticultural industry.  Two trials using  cucumber bioassay were conducted on seedling emergence and plant growth.   Trial 1 compared 5 amendment rates and determined optimum rates of hm/cb compost were 20 to 40 percent.  Trial 2 investigated interactions between compost maturity and fertility using potting mixes of 0, 20 and 40 percent hm/cb compost (v/v).  Results showed 70 days of composting in windrows, and a hm/cb compost amendment rate of 20 percent (i. e. a potting mix containing 20 % compost, 50 % peat and 30 % Perlite,v/v) was the most suitable for production of cucumber plants if a fertilization rate of 200 ppm N was utilized.  Increasing the compost age to 180 days only produced a 14 percent increase in the average dry weight.  The shoot N concentration was below the sufficiency range for greenhouse cucumber production at fertilizer rates less than 200 ppm N.
Impact:  Added value to horse manure compost.  Identified and showed through plant growth studies potential markets and value of composted manure and improve opportunities for coordinated growth of Ohio’s dairy, swine, nursery and other green industries.
Reporting Scientists:  Charles J. Clanton, Professor, Philip Goodrich, Associate Professor, Brian Hetchler, Research Fellow, Larry D. Jacobson, Professor, Kevin A. Janni, Professor, Verlyn Johnson, Information Technology Professional, Curtis Miller, Assistant Scientist,  Southern Research and Outreach Center (SROC), Waseca, MN, David R. Schmidt, Assistant Extension Engineer Zhijian Zhang, Post-Doctoral Associate, SROC, Jun Zhu, Associate Professor, SROC, Biosystems and Agricultural Engineering Department, University of Minnesota
Project:  Laboratory-Scale Study on Hydrogen Production in a Fermentative Bioreactor Semi-Continuously Fed by Swine Manure

It was found that pH in the fermenter had a profound impact on the biological gas production process and needed to be monitored closely and adjusted accordingly. A reduction in pH could result in significant reduction in gas production. In this project, gas production was completely stalled when pH reached 4.0. To maintain a high rate of gas generation, the pH value in the fermenter liquid should be controlled above 5.0. The fermenter pH in this study was maintained between 5.0 and 5.7. Based on the analysis using gas chromatograph, it was observed that the hydrogen production was very sensitive to process conditions such as HRT. Preliminary results indicated that the H2 content in the off gas decreased with increasing HRT.

Impact:  Producing energy from renewable resources is becoming critical more than ever to the economy of the United States. The outcome of this project provides valuable insight on use of one of the most abundant bioresources for energy production, which is of great significance in reducing our reliance on fossil fuel based energy sources.
Objective 3

Develop methodology, technology, and management practices to reduce odors, gases, airborne microflora, particulate matter, and other airborne emissions from animal production systems.  

Task 3.1.
Develop standard methods of collection, measurement, and categorizing or reporting of airborne emissions (odors, gases, particulates, endotoxins, pathogens, and other materials) from animal production operations.

Reporting Scientists:  J.-Q. Ni, A. J. Heber, T. T. Lim, C. A. Diehl (Purdue University)
Project:  A Low-cost Technique to Monitor Ventilation Fan Operation at Animal Buildings

A new technique was introduced for continuously monitoring exhaust fan operation in real-time by detecting the vibration of its housing or frame member. A low-cost vibration sensor, a 2-coductor cable, a signal filter, and a digital input channel are used for each fan. A laboratory test was conducted to evaluate the technical viability of using the sensor in continuous vibration conditions. A 4-month field test in layer barns was conducted to test the accuracy and life of three vibration sensors, which were installed on the fan housings and cones. The fan operation data was logged by a computer every minute. Coupled with simultaneous building static pressure measurement, the continuous ventilation rate can be calculated by using the fan airflow vs. pressure performance curve. 

Impact. The advantages of using vibration detection to determine ventilation rate include low cost (only about 1% to 10% of the cost of other tested techniques), simplicity, no interference by wind and dust, and the capability of directly monitoring individual fans to avoid false signals caused by fan failure, fan management changes or other problems. 

Reporting Scientists:  Charles J. Clanton, Professor, Philip Goodrich, Associate Professor, Brian Hetchler, Research Fellow, Larry D. Jacobson, Professor, Kevin A. Janni, Professor, Verlyn Johnson, Information Technology Professional, Curtis Miller, Assistant Scientist,  Southern Research and Outreach Center (SROC), Waseca, MN, David R. Schmidt, Assistant Extension Engineer Zhijian Zhang, Post-Doctoral Associate, SROC, Jun Zhu, Associate Professor, SROC, Biosystems and Agricultural Engineering Department, University of Minnesota
Project:  Aerial Pollutant Emissions from Animal Confinement Buildings

Data collection was concluded in 2004 at all six sites. A one-year project extension was requested and granted to analyze the large amount of air emission data collected in the study. Presentation papers were prepared and presented at the Air & Waste Management Association annual meeting in Minneapolis, MN in June (2005) for 5 of the 6 sites. Data is still be tabulated from several states for the final report to CSREES.

Impact:  Information from this research will provide producers, technical assistance providers, regulators, and compilers of emission inventories at county, state, and federal levels with accurate information that is consistent with rigorous environmental protection requirements and rural socioeconomic needs. Once emission rates are known for the parameters mentioned, producers will be able to determine if they are in compliance with state or federal regulations and if not what mitigation technologies are needed to meet the governing air quality standards.

Project:  Odor Emissions and Chemical Analysis of Odorous Compounds from Animal Buildings

To date this project is still on hold since the National Air Emission Monitoring Study (NAEMS) has not yet started.  NAEMS is due to start taking data toward the end of 2006 so hopefully some odor data and chemical odorants will begin to be collected starting in 2006 and continuing through 2007 and into 2008.

Impact:  There is a great need for correlating the olfactometry responses and chemical odorants to provide a more objective measure of the odor impacts on communities and other individuals near animal production facilities.  Also there is a need for more and higher quality odor emission data for air dispersion studies and siting tools.

Task 3.2.
Determine short and long term impacts of airborne emissions from animal production units.

Reporting Scientists:  W. Powers (Iowa State University)

Project:  Monitoring of Gaseous and Particulate Matter Emissions from Broiler Houses

Two representative broiler houses in the southeastern U.S. are being continuously monitored to determine pollutant emission rates of ammonia, non-methane hydrocarbons, hydrogen sulfide and particulate matter. This project is the first national emissions study implemented under the national Air Quality Consent Agreement. Continuous monitoring of all study pollutants (ammonia, non-methane hydrocarbons, hydrogen sulfide and total suspended particulate, PM 10 and PM 2.5 was initiated in December 2005..This project will result in baseline emissions data from broiler facilities for use by regulators, producers, integrators and researchers.

Reporting Scientists:  Charles J. Clanton, Professor, Philip Goodrich, Associate Professor, Brian Hetchler, Research Fellow, Larry D. Jacobson, Professor, Kevin A. Janni, Professor, Verlyn Johnson, Information Technology Professional, Curtis Miller, Assistant Scientist,  Southern Research and Outreach Center (SROC), Waseca, MN, David R. Schmidt, Assistant Extension Engineer Zhijian Zhang, Post-Doctoral Associate, SROC, Jun Zhu, Associate Professor, SROC, Biosystems and Agricultural Engineering Department, University of Minnesota
Project:  Development and Evaluation of a Dispersion Model for Determining Setbacks for Animal Production Sties Based on Hydrogen Sulfide Concentrations

This common project description covers research projects, led by Larry D. Jacobson, and funded by the National Center for Manure and Animal Waste Management, the National Pork Board (NPB), the Minnesota Pork Producer Association (MPPA), and the University of Minnesota Experiment Station. Cooperation with these projects is coming from Iowa State University (Steve Hoff), University of Nebraska (Dennis Schulte), and the National Pork Board (Carrie Tengman).  The overall goal of these projects are to development air dispersion models (AERMOD, INPUFF2, and possibly others) methods or tools that predict downwind concentration of odor and hydrogen sulfide and evaluate these tools with measurements of these same airborne contaminants from actual pig housing facilities.  

Three air dispersion models, INPUFF2, AERMOD, and CALPUFF are being used to simulate downwind conditions from selected simulated or case farms. Hydrogen sulfide emission data has been plotted using a rank order comparison of data (not matched in space and time), results shows the dispersion models (AERMOD in particular) may be useful in predicting maximum concentrations over a period of time. A ten member advisory/stakeholder group met twice in 2005 to provide input on policy and technical issues for the project.   Results have shown setbacks that are larger then what has been predicted site specifically but those have used H2S emission rates lower than what is presently being found from monitoring studies.   New H2S emission data from recently emission monitoring project are being incorporated into these models.
Impact:  The need exists for a screening tool to be developed for assessing the potential of animal feedlots to meet the Minnesota state ambient air quality standard for hydrogen sulfide (30 ppb - not to be exceeded more than twice in 5 days or 50 ppb - not to be exceeded more than twice in one year, 30 minute averages at the property line). Current methods for assessing this potential require individual, site-specific computer modeling that is often cost prohibitive to many producers. With the current economic challenges associated with animal agriculture, a low cost, high quality assessment tool is important for the maintenance and growth of the state’s livestock industry.

Project:  Determining the Pit and Wall Emission Streams for H2S, NH3, CO2, PM, and Odor from Deep-Pit Pig Finishing Facilities for Selecting Mitigation Technologies

To date about 2 months of data has been collected and as previously determined it seems that proportionally more gas (H2S and NH3) and odor is emitted through the pit airstreams (by pit fans) than through the wall airstreams (by wall fans).  If this is found to be consistent true then one can strategically use control technologies like biofilters on only certain airstreams (pit fans) and remove a majority of the hazardous gases (H2S and NH3) and odor that are emitted from the barn.

Impact:  There is a need to know the distribution of odor and gas emissions through the pit and wall airstreams from pig finishing barns so that target control technologies can be used in the most effective airstreams from both emission reduction and economic considerations.

Task 3.3.
Emission control technology development and selection for site-specific cases.
Reporting Scientists:  M. Elenbaas-Thomas1, L. Y. Zhao2, Y. Hyun1, X. Wang1, B. Anderson1, G. L. Riskowski3, M. Ellis1, A. J. Heber4
1University of Illinois Urbana-Champaign; 2The Ohio State University; 3Texas A&M University; 4 Purdue University
Project:  Effects of room ozonation on air quality and pig performance.
A swine-finishing building was divided into two identical rooms and two treatments, ozonation and the control, were applied in a cross-over design. The treatments were switched between rooms every three weeks during which pig growth performance, dust mass and size concentration, odor intensity, total sulfur compounds, hydrogen sulfide concentration, ammonia concentration, and total heterotrophic bacterial counts were measured and analyzed. Ozone application to a swine building at the maximum safe concentration of 0.1 ppm did not have any statistically significant effects on dust mass concentration, odor concentration and emission rate, sulfur compound concentrations, and bacteria counts. However, it did increase ammonia concentration and decrease pig average daily gain.

Impact . Ozone application to a swine building at 0.1 ppm does not affect dust mass, odor, sulfur compound concentrations, or bacteria counts.

Reporting Scientists:  H. Li1, H. Xin1, Y. Liang1, R. S. Gates2, E. F. Wheeler3, A. J. Heber4
1Iowa State University; 2 University of Kentucky; 3 Pennsylvania State University; 4 Purdue University
Project:  Comparison of direct vs. indirect ventilation rate determinations in layer barns using belts.

Estimating building ventilation rate by an indirect method based on a CO2 balance offers a potentially viable alternative to direct measurement. The validity of the CO2 balance method depends on the validity of relationship between CO2 production inside the building and metabolic rate of the animals and the knowledge of CO2 generation by the housing environment. The results indicate that ventilation rates estimated by the indirect method were not significantly different (P > 0.2) from those as determined by the direct measurement when the averaging or integration time interval was 2 h or longer. 

Impact.  Careful application of the indirect method for determination of building ventilation rate could greatly improve the affordability and versatility of endeavors toward quantifying air emissions from confined animal housing.

Reporting Scientists:  Albert J. Heber, Pei-Chun Tao, Ji-Qin Ni, Teng T. Lim, and Amy M. Schmidt (Purdue University)

Project:  Air emissions from two swine finishing buildings with flushing: ammonia characteristics 

The goal of this 11-month study was to evaluate the characteristics of ammonia (NH3) emission during a test of 1) soybean oil sprinkling (SOS), 2) misting of essential oils, and 3) misting of essential oils and water. Measurements were recorded every 60 s from August 2002 to July 2003 at two tunnel-ventilated swine finishing barns that were flushed at least 16 times daily with lagoon effluent. Ammonia concentrations were measured with a chemiluminescence analyzer by time-sharing it between the barns and ambient air. The treated barn with SOS resulted in 40% less NH3 emission than the control barn. The mean (± st. dev.) NH3 concentration and emissions were: 17±8.5 ppm (n=184) and 62±22 g/d-AU (n=175), AU=animal unit=500 kg). 

Impact:  Ammonia in swine finishing buildings can be reduced by 40 percent with sprinkling of soybean oil.

Reporting Scientists: W. Wu1, W. Powers1, T.J. Applegate2, C.E. Hale III3, and R. Angel4
1Iowa State University, 2Purdue University, 3Rose Acre Farms, 4University of Maryland
Project:  Effect of diet on air emissions from laying hens of different ages
The objectives of the current study were to evaluate the effectiveness of feeding a reduced emission diet (R) containing 6.9% of a gypsum-zeolite mixture and slightly reduced CP to 21-, 38-, and 59-wk (trials 1, 2 and 3) laying hens on emissions of NH3, H2S, NO, NO2, SO2, CO2, CH4 and non-methane total hydrocarbon. In trials 1, 2, and 3, daily NH3 emissions from hens fed the R diets (185.5, 312.2, and 333.5 mg bird-1) were less than those of hens fed an industry diet (255.0, 560.5, and 616.3 mg bird-1). Daily emissions of H2S across trials from hens fed the R diet were 4.08 mg bird-1 compared to 1.320 mg bird-1 from hens fed the C diet (P<0.01). 

Impact:  Diet acidification, sequestration, and source reduction are combined feeding technologies that can reduce NH3 emissions by nearly 40%.

Reporting Scientists:  Ted Funk, Prasanta Kalita, Yuanhui Zhang, Michael Ellis, (Univ. IL)

Project:  Proprietary systems for reduction of emissions from swine wean-to-finish confinement buildings were tested.  A set of five similar swine buildings on a single farm – one control and two sets of two buildings for treatments – were instrumented with continuous air sampling equipment.  Data are being collected through the winter of 2005-06 and results will be analyzed in 2006.  

Impact:  Emission control technology being tested may, if found effective, provide an economical method for reducing targeted gaseous emissions and odors from swine finishing confinement units.

Reporting Scientists:  H.M. Keener, M. Brugger, F.C. Michel Jr., J. Rausch, L. Zhao, Department of Food, Agricultural, Biological Engineering;  W. Dick, School of Natural Resources;  H.A.J. Hoitink, Department of Plant Pathology;  J.J. Hoorman, OSUE;  J.M. Smith, OSUE;  L.B. Willett, Department of Animal Science, Ohio State University
Project:  NH3 emissions using mass balance.  

Keener and Michel (2005) presented generalized equations for predicting ammonia emissions from all classes of livestock operations. The analysis uses a control volume approach and N/ash ratios. It does not require measuring total masses of materials into and from the system, can be highly accurate for time averaged emissions, and significantly lower in cost than monitoring ammonia concentrations and airflow to evaluate NH3 emissions. Research using this N-balance method was simply, low cost, and accurate (based on results and reported literature values) in predicting upper limits on NH3 emissions in the air leaving a 1.6 million caged layer poultry facility using two types of manure management: belt/composting and deep pit. Specific results based on the study showed clear advantages of belt/composting over conventional deep-pit systems, with N retention in compost of 0.559 kg bird-1 yr-1 versus 0.265 kg bird-1 yr-1 in deep-pit manure. Total emissions were half that of the conventional caged layer systems.

Impacts:  Enable comprehensive air quality studies and monitoring on Ohio Farms.  The developed measurement technology for ventilation and air quality monitoring will enable generation of massive amount and highly distributed data for comprehensive air quality studies and monitoring.
Project:  Measurement and control of air emissions from laying houses in Ohio.  

Baseline ammonia and particulate matter emissions from two typical types of Ohio layer house were measured using EPA approved mobile air quality monitoring method.  The annual average ammonia emissions were 0.29 g/day-hen and 1.03 g/day-hen for new belt battery barn and the conventional HR layer barns, respectively.  The mean TSP emission rates were 168 and 146 mg/d-hen from the BB and HR barns, respectively. The belt battery layer barn has a lower PM10 emission rate of 20 mg/day-bird in comparison with 32.5 mg/day-bird of the high-rise layer barns. 

Mitigation technologies for reduction of ammonia and particulate in poultry layer facilities are urgently needed.  This project particularly is to evaluate effects of spraying alum chloride onto poultry manure for reduction of ammonia emissions and an electric space charging system for reduction of particulate emissions from poultry layer buildings.  The project is still on-going.  Due to challenges in long-term field maintenance and management of the mitigation systems, preliminary results did not show promising effects yet.

Project:  Characterization and abatement of ammonia, particulate, pathogen, and odor emissions from egg production facilities.  

This USDA NRI sponsored project is to quantify and characterize baseline and mitigated air emission rates for NH3, PM, pathogens, and odor for twelve months using high quality data collection methods at two representative egg laying facilities. The effects of belt removal of manure, manure composting, and wet scrubbing of exhaust air on air emission will be quantified and shared with stakeholders.  Equipments for the project have been purchased and are assembled and calibrated.  Test protocols and quality assurance plan are now being developed.  It is estimated that the test will start in March 2006.

Impact:  Resolve air quality issues based on scientific findings.  Generated baseline information on air quality at Ohio animal facilities, which will help resolve the rising air quality issue based on scientific finding.  The data will also regulatory agency to form proper regulation on air quality and air emission from animal feeding operations.

Project:  Prototype Wet Scrubber for Reduction of Dust and Ammonia Emissions from Poultry Buildings.  

Manuzon (2005) reported on the design and efficiency of an NH3 spray scrubber from emissions from caged layer operations.  A spray-type wet scrubber and a prototype was designed, fabricated, and tested. Key operation and design parameters that affecting wet scrubber performance have been identified and optimized through theoretical analysis and experiments. With the optimized scrubber design, ammonia can be removed 51 to 70% for gas input levels ranging from 100 to 10 ppm, respectively. There is potential that the removal efficiency can be optimized to 83%-93% for typical ammonia level of 20 ppm and 10 ppm in poultry buildings, respectively. Noted improved efficiency if  used acid in water. The research results have been disseminated through various Extension activities. It has also been presented at the 2005 Ohio Agricultural Air Quality Research Symposium and the 2005 annual meeting of the American Society of Agricultural and Biological Engineers.

Project:  Controller Network for data collection.  

This project developed and evaluated a novel method of environment monitoring for single and multi-building production facilities. Controller Area Network (CAN Bus) nodes were developed and evaluated in their ability to transmit sensor data over the long transmission distances common to livestock facilities (Darr et al., 2005).  Effective transmission distance was directly correlated to the data bus rate. A bus rates of 50 kbits/sec or less can accurately deliver CAN messages up to 600 meters on a continuous basis. 

Impact:  Reduce monitoring cost and increase accuracy of assessing ammonia emissions.  Modified mass balance approach for evaluating NH3 emissions is lower cost than current methods of assessing NH3 emissions based on concentrations and gas flow rates.
Project:  Air Quality on Large Dairy Farms in Ohio.  

Zhao et al  (2005b) reported on spatial and temporal distributions of air quality on large dairy farms and swine facilities in Ohio.   Zhao noted for dairy, inside average dust mass concentrations range from 0.9 to 1.5 mg/m3 and ammonia concentrations range from 1.4 to 3 ppm in different seasons. Odor concentration inside the dairy building were in the range of 90 to 140 OU/m 3 , but near the manure storage ponds, it reached as high as 1256 OU/m 3 during the hot weather measurements. The study found manure storage ponds has the most affect on air quality during warm and hot seasons. Weather conditions affected the outdoor dispersion of air emissions. At 500 feet from the barn and manure storage, gas levels were similar to upwind levels. The odor levels at 500 ft downwind of the farms were high enough to raise concerns on hot and windy days. 

Impact:   Abate air emissions from livestock facilities.  Mitigation technologies and management practices evaluated and developed will help livestock industry to abate air emission and sustain environmental stewardship effectively while maintaining profitability and sustainability of the productions.
Project:  Air Quality on Swine Farms in Ohio.  

Zhao et al., (2005c) reported on air quality of two typical swine wean-finish facilities in Ohio.  Studied were a deep pit finishing barn and a pull-plug shallow pit barn with outdoor lagoon manure storage systems. Concentration of gases and dust at 8 to 10 indoor locations and 4 outdoor locations were measured in three seasons using portable gas and dust analyzers. Odor samples were collected from odor sources, upwind, 500? downwind of the farm. Gas and dust levels at the intake of the first stage 24 inch exhaust fan were continuously monitored for at least 3 days in each season.  In the deep-pit swine building, the average ammonia and dust concentration decreased from 17.0 to 1.4 ppm and from 2.7 to1.9 mg/m 3 , respectively, as ventilation rates increased from winter (15,000 cfm) to summer (98,000 cfm). However, hydrogen sulfide and exhaust odor levels were relatively stable at concentrations of 200-300 ppb and 1,300 OU/m 3 for all three seasons, respectively. In the pull-plug swine building, average ammonia concentration was 22.0 ppm, hydrogen sulfide 566 ppb, and dust 1.1 mg/m 3 in cold days. Continuous gas and dust data also showed that indoor pollutant concentrations fluctuated over time.

Impact:  Enable farmers to protect health of themselves and their animals.  The exposure levels of Ohio farmer, neighbors, and livestock and poultry animals to air emissions from livestock and poultry operations were preliminary evaluated.  Farms can effectively manage their facility according to the air quality knowledge to protect health of themselves and their animals.
Project:  Numerical Modeling of Dust Spatial Distribution.  

X. Wang et al. (2005) reported on efforts to model spatial distribution of dust in livestock buildings. A zonal mathematical model for dust spatial distribution was developed based on mass balance of particulate matter. The numerical simulation indicated that dust spatial distribution was highly related to the airflow pattern, dust source strength, and gravitational sedimentation of particles. Air distribution plays a major role in the transport of dust in a ventilated airspace. Validation of the model using measured data showed that the simulated overall mean dust concentrations were in close agreement with the measured values. The correlation coefficient (r) between the model simulation and measurements was 0.93. will provide useful information to control dust sources, improve design of ventilation systems, and implement mitigation technologies.  Results of simulation will provide useful information to control dust sources, improve design of ventilation systems, and implement mitigation technologies.
Project:  Room Ozonation on Air Quality and Pig Performance.  

Elenbaas-Thomas et al. (2005) reported on results of studies using ozonation.  A swine-finishing building was divided into two identical rooms and two treatments, ozonation and the control, were applied in a cross-over design. The treatments were switched between rooms every three weeks. The overall experimental period was 12 weeks, during which there were four trials. Pig growth performance, dust mass and size concentration, odor intensity, total sulfur compounds, hydrogen sulfide concentration, ammonia concentration, and total heterotrophic bacterial counts were measured and analyzed during the test period. Sulfur-containing compounds detected included dimethyldisulfide, dimethylsulfide (methanethiol), and dimethyltrisulfide. Ozone application to a swine building at the maximum safe concentration of 0.1 ppm did not have any statistically significant effects on dust mass concentration, odor concentration and emission rate, sulfur compound concentrations, and bacteria counts. However, it did increase ammonia concentration and decrease pig average daily gain. The ozonation effects on hydrogen sulfide concentration could not be evaluated by the gas tube method used during this study.
Objective 4

Develop and evaluate feeding systems for their potential to alter the excretion of environmentally-sensitive nutrients by livestock. 

Task 4.1.
Develop and evaluate strategies to reduce phosphorus excretion from livestock.

Reporting Scientist:  W. Powers (ISU)
Project:  Reduced Crude Protein Effects on Aerial Emissions From Swine
The effects of feeding reduced crude protein diets on air emissions was evaluated using groups of barrows housed in rooms with continuously measured gas concentrations and airflows. Pig weights and feed intake were recorded weekly over the course of four feeding phases: G1 (beginning at 24.5 kg BW), G2 (55.3 kg BW), F1 (87.2 kg BW), and F2 (111.4 kg BW). Pigs were offered one of three pelleted isocaloric, isolysinic diets: a control diet (C), a low crude protein diet (LCP) and an ultra low crude protein diet (ULCP), each supplemented with varying amounts of amino acids. Formulated CP of G1 was 22.5, 20.0, and 18.4% for the C (lysine), LCP (lysine, methionine, and threonine), and ULCP (lysine, methionine, threonine, tryptophan, and valine/isoleucine) diets. As feeding phases progressed there was a decrease in the formulated CP such that F2 was formulated to contain 16.6, 15.4, and 13.8% CP in the C, LCP and ULCP diet. Dietary treatment had no significant effect on ADG, ADFI or F:G (P<0.05). Pigs fed the LCP diet had greater intakes than pigs fed the C or ULCP diets during the grower phases but reduced intake during both finisher phases (P=0.0287). A diet effect was observed for average daily ammonia concentrations (P<0.0001). Exhaust ammonia (NH3) concentration where pigs were fed the LCP diet were 16% less than the C diet (3.86 vs. 4.57 ppm). Ammonia concentrations were reduced 25% (2.93 ppm) in the ULCP diets compared to the LCP diet and 36% compared to the C. Airflow-corrected daily average NH3 emission rates were 26.8, 21.0, and 14.5 mg min-1 for the C, LCP, and ULCP diets, respectively, corresponding to a daily mass of NH3 emitted per kg of animal liveweight, of 88.0, 68.9, and 46.0 mg kg-1. Feeding phase effects were observed for NH3 concentration, NH3 emission rate, daily mass emitted and daily mass per unit of liveweight with increases from G1 to G2 followed by a decrease from F1 to F2. Similarly, feeding phase effects were observed for hydrogen sulfide concentration and daily emitted mass of hydrogen sulfide per unit of liveweight. Hydrogen sulfide concentration and emissions were not different between rooms offered the different dietary treatments (P>0.05). Diet had no effect on wet or dry mass of manure produced however TKN and NH3-N concentration decreased with decreasing diet CP (7.9, 6.7, 5.7% and 5.4, 4.4, and 3.5%, respectively for lysine, lysine- methionine- threonine and lysine- methionine- threonine- tryptophan- valine/isoleucine diets).
Project: Metabolizable Protein Effects on Ammonia Emissions and Nitrogen Excretion of Steers

Protein degradability effects on N metabolism and NH3 emissions were evaluated. In Exp 1, eight steers (initial BW, 338 kg) were fed diets containing urea (D1: 10.6% CP, 38% DIP), soybean meal (D2: 10.1% CP, 33% DIP), or soybean meal and urea (D3: 16.9% CP, 43% DIP). In Exp 2, nine steers (initial BW, 268 kg) were fed diets containing 0 (D0: 12.7% CP), 12 (D12: 10.7% CP), or 24% (D24: 12.9% CP) distillers dried grain with solubles (DDGs). Feces and urine collections and DMI determination occurred during one 4-d period in Exp 1 and three 3 to 6-d periods in Exp 2. An 800-g, as-excreted mixture of urine and feces from each steer was placed into duplicate plastic tubs. Air passed over the excreta at a rate of 3 L/min for 96 h and NH3 was trapped in boric acid. In Exp 1, DMI (7.3 kg/d) and ADG (0.55 kg/d) did not differ (P < 0.05) between diets. Digestibility of DM (61.9%) did not differ with diet, but TKN digestibility was greater in steers fed D3 (65.7 vs. 50.7 and 41.5% on D1 and D2). Daily fecal DM, NH4+-N, and TKN mass did not differ between diets. Steers fed D1 excreted less urinary NH4+-N (4.8 vs. 8.7 and 9.1 g/d for D2 and D3). Steers fed D2 excreted less urinary TKN (32.3 vs. 42.5 and 49.5 g/d for D1 and D3). In Exp 2, steers fed D0 had lower DMI (4.0 vs. 5.5 and 5.4 kg/d for D12 and D24) and ADG (-0.80 vs. 0.32 and 0.24 kg/d for D12 and D24). Intake of TKN was greater for D24 (104.9 vs. 78.6 and 88.2 g/d for D0 and D12). Digestibility of DM (77.9%) and TKN (67.3%) were unaffected by diet. Steers fed D24 had greater fecal TKN (32.7 vs. 23.6 and 25.3 g/d for D0 and D12) and NH4+-N (4.22 vs. 2.94 and 2.82 g/d for D0 and D12) but daily urinary TKN (12 g) was unaffected by diet. Urinary NH4+-N was greater for steers fed D0 (9.1 g/d) than D12 (5.4 g/d). Daily NH3-N emissions were 170, 99, and 97 mg for D1, D2, and D3 and 70, 29, and 53 mg for D0, D12, and D24. The daily portion of total emitted NH3 increased with time (18, 25, 28, 29% and 22, 23, 27, 28% for d 1, 2, 3, and 4 of Exp 1 and 2).  Metabolizable protein fractions play a larger role than dietary CP in influencing N excretion and NH3 emissions and DDGS, as a UIP source, contributes to reduced NH3 emissions.

Project: Total and Water-Soluble Phosphorus Excretion From Swine Fed Low-Phytate Soybeans

A study was conducted to evaluate the impacts of feeding full-fat extruded low-phytate (LP) soybeans on performance and total and water-soluble phosphorus excretions from growing swine. Ninety-six crossbred barrows (initial BW = 18 kg) were allocated to 24 pens and fed one of four treatment diets: normal phytate soybeans without supplemental  phytase (NP-np), normal phytate soybeans plus 500 FTU kg-1 phytase (Ronozyme P (CT) 2500; DSM Nutritional Products; Basel, Switzerland) (NP-p); LP soybeans (USDA-ARS breeding line CX1834-1) without supplemental phytase (LP-np) and LP soybeans plus phytase (LP-p). All diets within a feeding phase were formulated to be isocaloric and similar in non-phytin phosphorus content. Pens were assigned to treatments, randomly, at the start of each of the four feeding phases. An indigestible marker was added to the mash feed. Individual pig weights and fecal samples were collected and feed disappearance recorded weekly. No phytase inclusion or soybean source effects were observed for pen ADG, ADFI and F:G measures (P>0.05). Total tract apparent digestibility of DM and OM were not different among treatment groups (P>0.05). Apparent digestibility of P was greater when pigs were offered diets containing the LP soybeans (49.1% vs. 42.3%; P<0.01) and less when diets included phytase (44.1% vs. 47.3%; P<0.0001). Total P (TP) and water-soluble P (WSP) excreted were affected by diet (TP: 19.7, 18.1, 16.7, 13.9 g kg-1; P<0.01 and WSP: 10.9, 10.2, 8.9, 8.2 g kg-1; P<0.01 for NP-np, NP-p, LP-np, and LP-p diets, respectively). Inclusion of phytase decreased TP and WSP excreted (P<0.01) as did use of LP soybeans (P<0.01). Diets effects on the fraction of excreted TP that was WSP were observed (P<0.01) however, there was not a significant difference between LP and NP soybeans). Inclusion of exogenous phytase in diets increased the proportion of TP that was excreted as WSP from 55% in the diets without phytase to 59% in diets containing phytase. The findings suggest that there is a viable need for LP soybeans as a component of a farm plan to minimize environmental impact.

Reporting Scientist:  G. Cromwell (Univ. KY)

Project: Model estimates of phosphorus requirements and excretion for swine. 
Have assessed the effects of feeding diets containing low-phytate corn and low-phytate soybean meal without and with added phytase on utilization and excretion of phosphorus by pigs and chicks.

Have determined the maintenance and accretion rates of phosphorus in whole empty body of pigs from 20 to 120 kg body weight in order to develop mathematical models to estimate phosphorus requirements and excretion. A study to assess phosphorus retention and accretion in two different genotypes of swine is underway.
Impact:  Improving the dietary P utilization by non-ruminant animals (swine and chickens), reduces the excretion of P in their manure, which has important environmental implications. The development of mathematical models now allows for more accurate estimates of P needs and P excretion of growing-finishing pigs. 

Reporting Scientists:  T.J. Applegate1, W. Powers2, P. Jaynes1, A. Storm1, and M. Jeffrey2 

1Purdue University, Dept. of Animal Sciences, 2Iowa State University, Dept. of Animal Sciences

Project:  Effect of dietary phosphorus concentration on nutrient mass balance of laying hens
Due to limited data in the literature, an experiment was conducted to determine the fate of fed nutrients through egg, excreta, and feed analysis when four concentrations of dietary phosphorus were ad libitum fed (0.16, 0.24, 0.32, and 0.40% non-phytate phosphorus; NPP) from 28 to 75 wk of age. At 28 wk of age, hens fed 0.16 % NPP ate 0.277 g/hen/d vs. hens fed 0.40% NPP at 0.482 g/hen/d, resulting in 0.187 and 0.408 g P being excreted/hen/d (P < 0.05).  By 75 wk of age, hens fed 0.16 % NPP ate 0.34 g/hen/d versus that of hens fed 0.40% NPP at 0.589 g/hen/d, thereby resulting in 0.277 and 0.406 g P excreted/hen/d (P < 0.05). 

Impact:  Hens fed increasing NPP concentrations from 0.16 to 0.40 % excreted 32 to 54 percent more P over the first cycle of egg production.

Reporting Scientists:  S. A. Adedokun1, W. Powers2, R. Angel3, A. Mitchell4 and T.J. Applegate1
1Purdue University, 2Iowa State University, 3University of Maryland and 4USDA/ARS

Project:  Two diets were fed to turkeys at three ages and a mass balance approach, based on nutrient composition and weight of consumed feed, carcass and litter, was used to develop new estimates of excreta composition and mass. The two diets consisted of an industry diet and a low phosphorus diet with added phytase. The non-phytin P concentration of the diet was 0.70, 0.65, 0.60, 0.55, 0.45, or 0.40 % for the industry diets and 0.52, 0.42, 0.34, 0.30, 0.24, or 0.20 %, for the low phosphorus diets from 0-3, 3-6, 6-9, 9-12, 12-15, and 15-18 wk of age, respectively. Total excreta production at 18 weeks was not different between treatments and averaged 26.8 lb/bird. Litter moisture at the end of the 18-week flock was 22 %. Mass of phosphorus excreted at 12, 15, and 18 weeks of age was 37, 46, and 40 % more for birds fed the industry diets when compared to that of birds fed the low phosphorus diets. While there were no differences in body weight, nitrogen excretion or solids excretion, phosphorus excretion (intake – carcass) was 40 % less and sulfur excretion was 11 % less for birds fed the low phosphorus diets compared to birds fed the industry diets. The calculated N volatilization at 18 weeks was similar for birds fed both diets (39 % of excreted nitrogen).

Impact:  Mass of phosphorus excreted at can be nearly 40 % less for male turkeys fed closer to requirements and supplemental phytase than what industry typically feeds.

Reporting Scientists:  D.M. Karcher1, C.L. Wyatt2, and T.J. Applegate1 

1Purdue University  2Syngenta Animal Nutrition Inc.

Project:  Effect of dietary non-phytate phosphorus concentration and phytase source on production traits of Hy-line W98 laying hens

 An experiment evaluated the effect of dietary non-phytate phosphorus (NPP) concentration and two phytase sources on production traits in laying hens over a 44 wk period. Ten experimental diets were formulated using a corn-soy meal basal with NPP concentrations of 0.16, 0.24, 0.32, and 0.40%.  The 0.4% NPP was the positive control (PC) diet, while the other NPP concentrations consisted of a negative control (NC) without phytase, Quantum™ Phytase (QP; 200 U/kg), or Natuphos™ Phytase (NP; 400 U/kg). Therefore, the data strongly indicates the concentration of NPP will affect egg production and bone ash of laying hens over a 44 wk lay period with 0.16% NPP being less than birds fed the 0.40% NPP diet.  The response to phytase was similar, though QP inclusion was half that of NP.

Impact:  Dietary phosphorus (non-phytate phosphorus) concentration can be reduced from 0.4% to 0.16% when phytase is supplemented for laying hens.  

Reporting Scientists:  R. Hinson, D. Kelly, M. Cobb, J. Radcliffe, A. Schinckel, A. Sutton, and B. Richert, Purdue University

Project:  The effect of feeding low nutrient excretion diets with the addition of soybean hulls and non-sulfur trace minerals on manure generation and composition from grow-finish swine
Three hundred eighty-four pigs (Initial BW = 21.7 kg) were fed: 1) Control (CTL); 2) low nutrient excretion (LNE; reduced CP + synthetic amino acids, low phytic acid corn, and phytase); 3) LNE + soybean hulls (LNE+SH); and 4) LNE+SH + a non-sulfur TM premix (LNE+SH+NSTM) to determine the effects on growth performance, carcass characteristics, and manure composition. Overall grow-finish manure generation did not differ (P>.05) among trts. There were no differences (P>.05) in DM excretion among trts with 140, 148, 171, and 151 g/d for CTL, LNE, LNE+SH, and LNE+SH+NSTM diets. Barrows excreted greater DM (P<.012) than gilts (168 vs. 137 g/d). Barrow N excretion was reduced more by the LNE formulations than gilts (B: 30.1, 24.4, 22.5, and 20.6 g/d; G: 19.6, 19.5, 19.3, and 16.4 g/d) for CTL, LNE, LNE+SH, LNE+SH+NSTM diets, respectively. Barrow P excretion was also reduced to a greater extent by LNE diets (B: 5.50, 2.30, 2.15, and 1.91 g/d), than gilt P excretion was (3.57, 1.95, 1.94, and 1.77 g/d) for CTL, LNE, LNE+SH, LNE+SH+NSTM diets, respectively. 

Impact:  The feeding of low-nutrient excretion diets reduced N excretion by an average of 18% and P excretion by 56% when compared to standard corn-soybean meal based diets.

Reporting Scientists:  R. Hinson, M. Walsh, A. Yager, D. Sholly, L. Wilson, J. Beagle, S. Pence, K. Saddoris, D. Kelly, S. Radcliffe, A. Schinckel, A. Sutton, and B. Richert, Purdue University

Project:  The effect of feeding LNE diets with the addition of soybean hulls and non-sulfur trace minerals on growth performance and carcass characteristics in grow-finish pigs

Three hundred eighty-four pigs (Initial BW = 21.7 kg) were fed: 1) Control (CTL); 2) low nutrient excretion (LNE; reduced CP + synthetic amino acids, low phytic acid corn, and phytase); 3) LNE + soybean hulls (LNE+SH); and 4) LNE+SH + a non-sulfur TM premix (LNE+SH+NSTM) to determine the effects on growth performance, carcass characteristics, and manure composition. Barrows had a greater reduction in ADG than gilts when fed the LNE based diet compared to the CTL diet, but had a smaller reduction in ADG than gilts when fed the LNE+SH diet. CTL fed pigs had greater G:F (P<.001) than all other trts during the grower phase. There were no differences (P>.05) in finisher phase ADG and G:F, but ADFI was higher (P<0.03) for CTL pigs. Pigs fed the CTL diet had 4.8 kg heavier final BW (P<.001) than all other trts. Overall, CTL pigs had greater ADG (P<.001) than all other trts: 840, 796, 773, and 778 g/d for CTL, LNE, LNE+SH, and LNE+SH+NSTM, respectively. There were no differences (P>.05) in overall ADFI, G:F, and carcass characteristics among diets. Overall, barrows had greater ADG, ADFI greater fat depth, loin color and firmness scores, and less LEA and predicted % fat free lean when compared to gilts (P<.05).

Impact:   Feeding low nutrient excretion-based diets reduced grower performance but maintained finisher performance and carcass characteristics compared to a standard corn-SBM diet.     

Reporting Scientists: R. Hinson, D. Sholly, A. Yager, M. Walsh, K. Saddoris, L. Wilson, D. Kelly, J. Radcliffe, A. Sutton, A. Schinckel, and B. Richert, Purdue University

Project:  Effect of feeding a low nutrient excretion diet on pig growth performance and carcass characteristics in a commercial wean-finish setting
Two hundred fifty-six pigs (Initial BW = 45.6 kg) were randomly selected within four 1,000 hd commercial wean-finish swine buildings to determine the effects of feeding a control (CTL) corn-SBM based diet or a low nutrient excretion (LNE) diet, with synthetic amino acids and phytase, on grow-finish pig growth, carcass characteristics, and live ultrasound backfat (BF) and loin eye area (LEA), and manure characteristics. Grower ADG (wk 1-6) was significantly greater (P<.02) for pigs fed the CTL compared to the LNE diets (935.3 vs. 901.8 g/d). Finisher ADG (wk 6-11; 772.0 vs. 772.0 g/d), and overall ADG (wk 0-11; 863.7 vs. 846.6 g/d) were not different (P>.05) for CTL vs. LNE diets, respectively. Barrows had greater overall ADG (P<.01; 891.0 vs. 819.3 g/d) than gilts. Final body weight did not differ (P>0.05) between trts, while barrows were heavier (P<0.001) than gilts at 110.9 vs. 104.9 kg. There were no significant (P>.05) differences in carcass characteristics between treatments. Barrows had greater (P<0.05) 10th rib BF (23.9 vs. 21.1 mm), last rib BF (24.7 vs. 24.2mm), and marbling score (2.23 vs. 1.96) and less LEA (41.0 vs. 43.6 cm2) and predicted fat free lean (48.1 vs. 49.8 %) than gilts.

Impact:  In a commercial setting, feeding a low-nutrient excretion diet reduced grower performance but maintained finisher and overall performance, with no differences in carcass characteristics compared to a standard corn-SBM diet.

Reporting Scientists: R. Hinson, B. Hill, M. Walsh, D. Sholly, S. Trapp, J. Radcliffe, A. Sutton, A. Schinkel, B. Richert, Purdue University
G. Hill, J. Link, Michigan State University

Project:  Effect of feeding a reduced crude protein and phosphorus diet on pig compartmental and whole body mineral masses and accretion rates
Pigs (Exp.1 = 98 and Exp. 2 = 148) were allotted by sex and BW to determine the effects of feeding a control (CTRL), corn-SBM based diet or a low nutrient excretion (LNE) diet, with reduced CP + synthetic amino acids, low phytic acid corn, and phytase, on carcass, visceral, and blood mineral contents and masses. There were no differences in nursery, grower, or finisher whole body tissue mass between treatments.  However, total mass and accretion rates of P, Ca, and Mg decreased and Zn and Mn increased when LNE diets were fed during the nursery period (Exp. 2 only; P<.05). Grower period ash, P, Ca, Mg, and N (Exp. 2) masses and accretion rates of ash, P, Ca, Mg, Fe (Exp. 1), Zn (Exp. 2), Cu (Exp. 2) decreased when pigs were fed LNE diets (P<.05). During the finisher period, whole body ash (Exp. 2), P, Ca, Mg, N (Exp. 2) decreased and accretion rate of Zn (Exp. 2) increased (P<.05) when pigs were fed LNE diets. Overall, total tissue accretion rate was not different between treatments, however whole body accretion rates of ash (Exp. 2), P, Ca, Mg, and N (Exp. 2) were decreased when pigs were fed LNE diets from weaning to market. 

Impact:  When pigs were fed a low nutrient excretion based diet, no substantive differences in individual mineral accretion rates. 
Reporting Scientists: Angel, R.1, W. Powers2, S. Bastyr2, W. Wu2, and T. Applegate3.

1University of Maryland; 2Iowa State University; 3Purdue University

Project:  Dietary modifications to reduce air emissions from broiler chickens

The impact of feeding broilers reduced protein (LP) diets and control diets with industry protein and amino acid concentrations (C) on emissions of ammonia (NH3), hydrogen sulfide (H2S), nitric oxide (NO), nitrite (NO2), carbon dioxide (CO2), methane (CH4) and non-CH4 total hydrocarbon as well as on broiler performance and yields were determined.  Broilers were housed in environmental chambers with continuously measured gas concentrations and airflows.  Ross 308 male broilers were allocated to one of the chambers at hatch and grown for 42 days.  Three sequential trials (flocks) were done to determine the impact of build-up litter.  Broilers on the C treatment were fed based on a four phase feeding program: starter (St), grower (Gr), finisher (Fn), and withdrawal (Wd) diets.  Broilers on the LP treatment were fed based on a six phase feeding program: prestarter (PreSt), St, Gr1, Gr2, Fn, and Wd diets.  Formulated protein concentrations were 22.1, 20, 17.2, and 16.6% for the C St, Gr, Fn, and Wd diets, respectively while those for the LP PreSt, St, Gr1, Gr2, Fn, and Wd diets were 22.0, 18.6, 18.1, 17.3, 15.8, and 15%, respectively.  Synthetic sources of lysine, methionine, isoleucine, valine, tryptophan, and argentine were used where needed to meet minimum requirements in the LP diets while only methionine and lysine were needed to in the formulation of the C diets.  Body weight (BW) was determined by chamber at the start and end of each phase and feed disappearance (FC) determined at the end of each phase.  Feed to gain ratio (FCR) was determined after correction for mortalities from the BW and FC data.  Broilers on the C treatment weighed more at the end (42 days) over the three flocks (2.78 kg) than those on the LP treatment (2.69 kg) but FCR was similar (1.89 vs 1.91 for broilers fed C and LP treatments diets, respectively).  Twenty broilers per chamber were randomly selected for yield determination in flock 3.  Dress percent ((whole bird - gastrointestinal tract)/live weight) and breast yields (whole deboned breast weight/dress weight) was not affected by dietary treatment.  Breast weight was also similar for both treatments (543 vs 541 g for broilers fed the C and LP treatment diets).  Diet treatment affected NH3 emissions in flock 1with the LP treatment resulting in lower daily NH3 emissions (26.5 mg kg-1 in flock 1) compared to daily NH3 emissions from broilers fed the C treatments diets (33.8 mg kg-1).  There was no effect of treatment on NO, NO2, SO2, H2S, CO2, CH4, or non- CH4 hydrocarbons in flock 1.  Lowering dietary protein while maintaining minimum concentrations of amino acids resulted in substantial reductions in NH3, NO, and NO2 and no impact on breast weight or yield.

Reporting Scientists: Wu, W.1, W. Powers1, R. Angel2, C. E. Hale III3, and T. Applegate4.

1Iowa State University; 2University of Maryland;  3Rose Acre Farms, Seymour, IN;  4Purdue University

Project:  Effect of diet on air emissions from laying hens of different ages

Manure from poultry feeding operations is associated with diminished air quality.    The objectives of the current study were to evaluate the effectiveness of feeding a reduced emission diet (R) containing 6.9% of a gypsum-zeolite mixture and a slightly reduced crude protein (CP) to 21-, 38-, and 59- wk old Hy-line W36 hens (trials 1, 2, and 3, respectively) on egg production and emissions of NH3, H2S, NO, NO2, CO2, CH4 and non-methane total hydrocarbon as compared to feeding a commercial diet (C).  At each age, 640 hens (BW = 1.36, 1.47, and 1.52 kg in trials 1, 2, and 3, respectively) were allocated randomly to eight environmental chambers for a 3-wk period. On an analyzed basis, the C diet contained 18.0, 17.0, and 16.2% CP and 0.25, 0.20, and 0.20% S in trials 1, 2, and 3, respectively.  The R diet contained 17.0, 15.5, and 15.6% CP and 0.99, 1.20, and 1.10% S in trials 1, 2, and 3, respectively. Diets were formulated to contain similar calcium and phosphorus content.  Gaseous concentrations were monitored from each chamber in a sequential manner resulting in 10 to 11 daily observations per chamber.  Average daily egg weight (ADEW; 57.4 g), average daily egg production (ADEP; 82.5%), average daily feed intake (ADFI; 92.6 g) and BW change (BWC; 24.3 g), across ages, were unaffected by diet (P>0.05). Age affected ADEW (52.1, 58.9, and 61.2 g), ADEP (86.7, 87.1, and 73.7%), ADFI (86.8, 96.2, and 94.6g) and BWC (65.2, 17.3, and -9.7 g) in trials 1, 2, and 3, respectively (P<0.01).  Diet (P<0.01) and age (P<0.05) affected NH3 emissions.  In trials 1, 2, and 3, daily NH3 emissions from hens fed the R diets (185.5, 312.2, and 333.5 mg bird-1) were less than those of hens fed the C diet (255.0, 560.5, and 616.3 mg bird-1). Daily emissions of H2S across trials from hens fed the R diet were 4.08 mg bird-1 compared to 1.32 mg bird-1 from hens fed the C diet (P<0.01). Diet (P<0.05) and age (P<0.05) affected emissions of CO2 and CH4.  A diet effect (P<0.01) on NO emissions and an age effect on SO2 emissions (P<0.01) was observed. No diet or age effects (P>0.05) were observed for NO2 and non-methane total hydrocarbons. Results demonstrate that diet and laying age influence air emissions.

Task 4.2.
Evaluate and quantify excretion of non-nutrient pollutants from animal agriculture.

Reporting Scientists:  T.A. McCaskey (Auburn)

Project:  A study was conducted to evaluate hydrated lime as a antimicrobial bedding treatment in dairy cow free-stalls to control environmental mastitis pathogens.  Somatic cell counts in quarter, foremilk >165,000/ml were used to determine the incidence of mastitis.  Based on monthly quarter milk samples collected over a 12-month period, 21.1% of the quarters of the control cows and 10.1% of the quarters of the lime treatment cows had mastitic quarters. The application of 50g of hydrated lime daily to the back 1/3 of the stalls bedded with 0.77 kg of peanut hulls reduced the incidence of mastitis in quarters of cows using the stalls by 50%.  The cost to lime treat one stall was calculated to be $0.011/day or $4.02/cow/year.
 Impact: Mastitis is estimated to cost to the US dairy industry about $1 billion annually.  Infectious mastitis can be contracted from several sources including the cow’s environment such as wet, muddy, and manure-soiled paddocks and stalls where the cow lies down. The economic benefit of lime treating dairy cow stalls was estimated to improve milk production by $46.53/cow/yr.
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Summary of Impacts

· Utilization of poultry litter by feeding cattle on pasture would avoid applying excessive amounts to the soil.
· Milk parlor wastewater can be treated and reused properly via this pilot project of potential integrating the innovative bioreactors with the existing anaerobic lagoon wastewater treatment system. This will allow the U.S dairy farm to be able to achieve the goal of developing the friendly agricultural production and environmental protection system.
· Improving the dietary P utilization by non-ruminant animals (swine and chickens), reduces the excretion of P in their manure, which has important environmental implications. The development of mathematical models now allows for more accurate estimates of P needs and P excretion of growing-finishing pigs.
· Mastitis is estimated to cost to the US dairy industry about $1 billion annually.  Infectious mastitis can be contracted from several sources including the cow’s environment such as wet, muddy, and manure-soiled paddocks and stalls where the cow lies down. The economic benefit of lime treating dairy cow stalls was estimated to improve milk production by $46.53/cow/yr.
· The research program at Tifton is designed to develop technologies for utilization of animal wastes and municipal sludge such that nutrients are captured and used to produce biomass while environmental quality is protected.

· The first five alternative treatment system permits for CAFOs in the nation have been issued based on the ISU model results for feedlots in Iowa.
· US EPA is using these weekly and event based samples to develop standard methods for analyzing pathogens in animal agriculture treatment systems.
· Ozone application to a swine building at 0.1 ppm does not affect dust mass, odor, sulfur compound concentrations, or bacteria counts.
· Careful application of the indirect method for determination of building ventilation rate could greatly improve the affordability and versatility of endeavors toward quantifying air emissions from confined animal housing.
· The advantages of using vibration detection to determine ventilation rate include low cost (only about 1% to 10% of the cost of other tested techniques), simplicity, no interference by wind and dust, and the capability of directly monitoring individual fans to avoid false signals caused by fan failure, fan management changes or other problems.

· Diet acidification, sequestration, and source reduction are combined feeding technologies that can reduce NH3 emissions by nearly 40%.
· Ammonia in swine finishing buildings can be reduced by 40 percent with sprinkling of soybean oil.

· Hens fed increasing NPP concentrations from 0.16 to 0.40 % excreted 32 to 54 percent more P over the first cycle of egg production.
· Mass of phosphorus excreted at can be nearly 40 % less for male turkeys fed closer to requirements and supplemental phytase than what industry typically feeds.
· Dietary phosphorus (non-phytate phosphorus) concentration can be reduced from 0.4% to 0.16% when phytase is supplemented for laying hens.
· The feeding of low-nutrient excretion diets reduced N excretion by an average of 18% and P excretion by 56% when compared to standard corn-soybean meal based diets.

· Feeding low nutrient excretion-based diets reduced grower performance but maintained finisher performance and carcass characteristics compared to a standard corn-SBM diet.

· In a commercial setting, feeding a low-nutrient excretion diet reduced grower performance but maintained finisher and overall performance, with no differences in carcass characteristics compared to a standard corn-SBM diet.
· When pigs were fed a low nutrient excretion based diet, no substantive differences in individual mineral accretion rates.

· Shift manure management practices to lower moisture liquid manure, thereby reducing potential for preferential flow.  Lowering manure moisture significantly reduces potential for preferential flow.  Results of studies on manure viscosity and flow-ability (relative to water) shows that lowering manure moisture , i.e. increasing solids, would be effective in preventing preferential flow at time of application.
· Reduced cost of building control structures for treating runoff from composting/storage sites. Runoff studies provided data on expected nutrient loading rates in effluent from an outside composting site (loss factors for %NH3-N, P and K from composts) Information can be applied to the design of control structures for treating runoff from compost pads.
· Develop guidance documents for farmers so they can apply liquid manures to land without polluting bodies of water.  Extension and research efforts will lead to development of guidance document on management practices that can mitigate preferential flow.

· Reduced cost of manure management, transporting nutrients offsite.  Studies on dry matter and water loss during composting allow economic analysis to be made on process cost and cost of transporting nutrients offsite.
· Reduced cost of composting animal manures.  Studies have documented effects of controllable factors on kinetics of process, enabling engineers to reduce facility and operating cost of compost systems.  Showed low airflow, regardless of composting system configuration, was main factor to minimize energy usage, yet achieve a specific rate of decomposition. Developed Excel computer simulation models of composting process enable farmers to optimize design and management of facilities, to minimize cost of treatment and enable better management of composting process.

· Reduced odor generation during composting of animal manure.  Odor studies have documented collecting and composting fresh manure has potential to reduce odor at composting site.  Aeration during composting resulted in destruction of odorous compounds (95-100%) by day eight.  Biofilters are only needed for short period of times. Composting dairy manure/amendment mix with C/N above 40 reduces N losses significantly.
· Promote thermophilic composting as a treatment method to control pathogens in manure.  Studies documented effects of 55 oC on pathogen in animal manures.

· Added value to horse manure compost.  Identified and showed through plant growth studies potential markets and value of composted manure and improve opportunities for coordinated growth of Ohio’s dairy, swine, nursery and other green industries.

· Enable comprehensive air quality studies and monitoring on Ohio Farms.  The developed measurement technology for ventilation and air quality monitoring will enable generation of massive amount and highly distributed data for comprehensive air quality studies and monitoring.
· Resolve air quality issues based on scientific findings.  Generated baseline information on air quality at Ohio animal facilities, which will help resolve the rising air quality issue based on scientific finding.  The data will also regulatory agency to form proper regulation on air quality and air emission from animal feeding operations.

· Enable farmers to protect health of themselves and their animals.  The exposure levels of Ohio farmer, neighbors, and livestock and poultry animals to air emissions from livestock and poultry operations were preliminary evaluated.  Farms can effectively manage their facility according to the air quality knowledge to protect health of themselves and their animals.
· Abate air emissions from livestock facilities.  Mitigation technologies and management practices evaluated and developed will help livestock industry to abate air emission and sustain environmental stewardship effectively while maintaining profitability and sustainability of the productions.

· Reduce monitoring cost and increase accuracy of assessing ammonia emissions.  Modified mass balance approach for evaluating NH3 emissions is lower cost than current methods of assessing NH3 emissions based on concentrations and gas flow rates.

· Information from this research will provide producers, technical assistance providers, regulators, and compilers of emission inventories at county, state, and federal levels with accurate information that is consistent with rigorous environmental protection requirements and rural socioeconomic needs. Once emission rates are known for the parameters mentioned, producers will be able to determine if they are in compliance with state or federal regulations and if not what mitigation technologies are needed to meet the governing air quality standards.
· There is a great need for correlating the olfactometry responses and chemical odorants to provide a more objective measure of the odor impacts on communities and other individuals near animal production facilities.  Also there is a need for more and higher quality odor emission data for air dispersion studies and siting tools.

· The need exists for a screening tool to be developed for assessing the potential of animal feedlots to meet the Minnesota state ambient air quality standard for hydrogen sulfide (30 ppb - not to be exceeded more than twice in 5 days or 50 ppb - not to be exceeded more than twice in one year, 30 minute averages at the property line). Current methods for assessing this potential require individual, site-specific computer modeling that is often cost prohibitive to many producers. With the current economic challenges associated with animal agriculture, a low cost, high quality assessment tool is important for the maintenance and growth of the state’s livestock industry.
· It is expected that a cost efficient surface aeration system may be developed for use by swine producers to ameliorate air pollution caused by the odor emanating from the current liquid manure storage facilities such as lagoons, earthen basins, and ponds.

· There are many ways to remove nutrients from manure before disposal, but using sequencing batch reactors can be an effective pathway to reduce nitrogen, phosphorus, and carbon simultaneously in a single reactor. Information obtained from this study can be instrumental in developing full-scale sequencing reactors for on-farm use.

· Producing energy from renewable resources is becoming critical more than ever to the economy of the United States. The outcome of this project provides valuable insight on use of one of the most abundant bioresources for energy production, which is of great significance in reducing our reliance on fossil fuel based energy sources.
Planned Research 2005-2006
Objective 1

Reporting Scientist. G. Evers, TAMU-Overton

Obj. 1. Task 1. A new research project will be initiated applying broiler litter to reclaim surface mine land. The present practice is to apply 57 kg ha-1 of N, P, and K to establish forages. This practice will be compared to applying 2.25, 4.5, and 9 Mg ha-1 of broiler litter when establishing Coastal bermudagrass. 

Reporting Scientists:  J. P. Fontenot and G. Scaglia (Virginia Polytechnic Institute and State University)

Feeding or soil application of poultry litter has been discontinued.  A manuscript will be prepared summarizing the 10-year experiment.

Objective 2

Reporting Scientist:  P.Y. Yang and E.S. Cho (U. Hawaii)

After the necessary design/operational criteria are developed, and economic analysis is evaluated, these technologies applied in two pilot plants can be effectively transferred to the interest of the producers through planned field day activities and workshop arrangement. 

Charles J. Clanton, Professor, Philip Goodrich, Associate Professor, Brian Hetchler, Research Fellow, Larry D. Jacobson, Professor, Kevin A. Janni, Professor, Verlyn Johnson, Information Technology Professional, Curtis Miller, Assistant Scientist,  Southern Research and Outreach Center (SROC), Waseca, MN, David R. Schmidt, Assistant Extension Engineer Zhijian Zhang, Post-Doctoral Associate, SROC, Jun Zhu, Associate Professor, SROC, Biosystems and Agricultural Engineering Department, University of Minnesota
Project: Development of a Field-Scale Surface Aeration System to Treat Swine Manure for Odor Control
Water tests will continue to examine another aerator module using parallel-connected venturi air injectors and the results will be compared with those from the series-connected module. The better one will be subject to further manure tests.
Project:  Simultaneous Removal of Nutrient and Organic Mater in Liquid Swine Manure Using Sequencing Batch Reactors

More work may be planned, depending upon funding, to conduct in-depth study aiming at significantly improving the performance of the treatment system in terms of nutrient and carbon removal. Emphasis will be placed on techniques to increase the production of microbial granules that can work more efficiently while still maintaining good settling properties.
Project:  Laboratory-Scale Study on Hydrogen Production in a Fermentative Bioreactor Semi-Continuously Fed by Swine Manure

The project is ongoing. The upcoming research will include investigation of the impact of HRTs and pH on the productivity of hydrogen gas from the fermenter.
Reporting Scientists:  G. Larry Newton, University of Georgia, and Robert K. Hubbard, USDA-ARS
Project:  Energy, Forage and Clean Water from Dairy Manure

Further work will be directed toward increasing biogas production and production of even cleaner effluent water.
Objective 4
Reporting Scientists:  T. McCaskey (Auburn)

Hydrated lime and other antimicrobials will be evaluated to control zoonotic pathogens in broiler poultry houses.
Reporting Scientists:  G. Cromwell (Univ. KY)

Refine the estimates of phosphorous accretion in various tissues in order to further develop mathematical models to estimate phosphorus requirements and phosphorus excretion of pigs of two different genotypes.
Reporting Scientists:  T.J. Applegate (Purdue University)
a. The influence of manures phytic acid on phosphorus solubility in calcareous soils. (along with Leytem and and D.R. Smith – USDA/ARS) 
b. Efficacy of phytase sources in ducks
c. Effects of dietary copper concentration and copper source on digesta pH and mineral complex size in the intestine
d. Determination of endogenous amino acid losses in broilers and turkey poults across laboratories, broiler age, and different methodologies (with O. Adeola-Purdue, C. Parsons-UIUC, and M. Lilburn-OSU)
e. True and apparent amino acid digestibility of meat and bone meal sources in chicks and poults across different ages (with O. Adeola-Purdue, C. Parsons-UIUC, and M. Lilburn-OSU)
f.  Dietary source reduction and acidification to abate ammonia emissions in laying hens and turkeys. (with W. Powers-ISU and R. Angel-Univ. MD)
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