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Introduction

High quality air is important to the well being of humans, animals and plants. Agricultural activities produce particulate matter and gases that influence air quality, while atmospheric gases such as tropospheric ozone damage crops and lower crop yields. The Environmental Protection Agency (EPA) has promulgated National Ambient Air Quality Standards (NAAQS) for particulate matter and ozone. NAAQS are the basis for State air regulations and implementation plans. 

ARS has organized a coordinated program to address air emissions (ammonia, malodorous compounds, hydrogen sulfide, greenhouse gases, pathogens, and particulate matter) from agricultural operations. The program is designed to: (1) measure emissions; (2) develop and determine the effectiveness of management practices and control technologies to reduce emissions; and (3) develop models to predict emissions and their dispersion across a range of production systems and atmospheric conditions. ARS research will contribute to the scientific information needed for State and Federal management and regulatory decisions. In addition, cost-effective management practices, control technologies and decision tools will be developed that will allow producers and their advisors to reduce emissions while maintaining agricultural production without deleterious effects on the environment.

Air quality research is conducted in the Air Quality National Program with complementary research in the Manure and Byproduct Utilization National Program and the Global Change National Program. The Air Quality National Program is focused on five areas of research: (1) particulate matter, (2) ammonia, (3) malodorous compounds, (4) ozone, and (5) pesticides and other synthetic organic chemicals. Selective accomplishments from these five components are described in the following section.

Accomplishments

Particulate Matter. Particulate matter (PM) from agriculture comes from crop production and processing operations, animal production, diesel-powered machinery, burning and wind erosion. PM covered by EPA standards consists of particles of aerodynamic size 10 micrometers and smaller called PM-10 and particles of 2.5 micrometer and smaller called PM-2.5. A new EPA standard based on PM-10 minus PM-2.5 has been proposed. ARS research is designed to (1) develop and evaluate methods to measure PM emissions from agricultural practices; (2) develop and determine the effectiveness of management practices and control technologies to reduce PM emissions, and (3) develop and evaluate computer models to predict PM emissions and their dispersion.

To measure particulate matter, a new, low-volume, total suspended particulate matter sampler head was developed by ARS scientists at Lubbock, Texas, working cooperatively with ARS researchers from Mesilla Park, New Mexico and Texas A&M University researchers.  The device inhibits larger particles from being sampled, thus reducing contamination of large materials on the filter media.  The sampler also includes a unique design with filter cartridge that holds standard-sized filters for easier and quicker filter changes, further reducing the likelihood of filter contamination.  Recent research indicates significant concentration measurement errors can occur in agricultural environments when using existing samplers.  The sampler head will enable better measurement of particulate matter for improved understanding of particulate matter emission, transport and deposition.  The knowledge gained from these measurements will lead to improved emission mitigation technologies from agricultural sources.

ARS scientists from Manhattan, Kansas, formally delivered the Wind Erosion Prediction System (WEPS), a tool for forecasting wind erosion damage, to the USDA Natural Resources Conservation Service (NRCS) for implementation across the Nation.  WEPS can be used to simulate weather, soil and crop conditions, and wind erosion on a daily basis.  WEPS provides farmers and landowners with an advanced tool for formulating and assessing the effectiveness of specific wind erosion control practices.  WEPS can be used to help guide the selection of optimal wind-erosion abatement procedures such as planting soil-stabilizing cover crops, establishing windbreaks and barriers, or reducing soil erodibility by appropriate tillage practices.  Use of WEPS will enable producers and their advisors to reduce PM emissions that degrade air quality and pose a risk to public health.

A new method for determining the wind speed at which sediment transport is initiated (the “threshold”) was developed by ARS researchers at Lubbock, Texas.  Threshold for the onset of erosion is a function of soil surface conditions, which is an important element for understanding wind erosion.  The threshold is determined with a sampling system that continuously collects wind data along with critical information on movement of particles across the soil surface.  Tests of the method showed that it is suitable for use on flat sandy surfaces and complex rangeland surfaces.  The method can be used to remotely detect when wind erosion occurs in the field and to evaluate the relative erodibility of field sites. This information can be used in the development of management practices and control technologies to reduce soil loss and maintain acceptable air quality. 

Ammonia.  Agriculture is considered to be the source of 85 percent of ammonia emissions into the atmosphere in the United States, with animal operations accounting for 75 percent of these emissions. Ammonia can be a threat to human and animal health, in and around agricultural production facilities and can serve as a precursor of fine PM. ARS research is directed toward measuring, predicting and controlling ammonia emissions and their dispersion across a range of agricultural production systems and conditions.
An ARS researcher from Fayetteville, Arkansas, designed a small chamber for scrubbing ammonia and particulate matter from air blowing through ventilation fans of poultry or swine barns.  The chamber is filled with a slightly acidic solution such as aluminum sulfate.  The system effectively reduces gas and PM emissions from animal production systems, can be attached to barn ventilation systems, and captures nitrogen from ammonia emissions that can in turn be re-used as a fertilizer. Further, the aluminum sulfate in the chamber solution has potential as a soil additive that can lower soluble phosphorus in soils, thus reducing phosphorus runoff and leaching as a major cause of surface and ground water contamination.  

ARS scientists from Florence, South Carolina determined that ammonia volatilization from emergent marsh areas of constructed wetlands was not the primary loss mechanism because it only accounted for less than 16% of the nitrogen load. However, ammonia volatilization from the pond areas of the marsh-pond-marsh constructed wetlands accounted for greater than 40% of the nitrogen load when the ammonia concentration of the wastewater was greater than 25 mg nitrogen per liter. Ammonia volatilization can be reduced by lowering the ammonia concentration of the wastewater by nitrification conversion of ammonia to nitrate prior to wetland application. Partial nitrification of the wastewater prior to wetland application improved the efficiency of the wetlands to remove nitrogen via denitrification. These results will be useful to farmers who are looking for cost-effective nitrogen removal alternatives, for regulators who want to ensure that agricultural waste management practices do not degrade air and water quality, and for NRCS personnel who are looking for wetland design modifications that will maximize nutrient removal.

Malodorous Compounds. Offensive odor from manure that is generated, stored and land-applied is one of the main sources of public complaints about animal production operations. ARS research is targeted to measure and characterize odor-producing agents (volatile organic compounds), and to develop management practices and control technologies to reduce or eliminate production of odorants.

ARS scientists from Clay Center, Nebraska found that anti-microbial plant oils are effective additives to cattle and swine manure for control of odorant emissions and fecal coliforms. Additions of thymol, carvacrol, or eugenol at 0.15 to 0.2% inhibit essentially all microbial metabolism in manure slurries, whereby no volatile fatty acids or gaseous products were produced. Concentrations of 0.1% destroyed the fecal coliforms that represent the majority of pathogenic microorganisms in manure slurries. Eugenol addition to cattle and swine manure stopped production of odor-causing volatile fatty acids, while allowing lactate accumulation. This effect rapidly lowered pH and will likely conserve ammonia in manure slurries. In a field trial, odor production was reduced by 58% and fecal coliforms by 89% when cattle feedlot pens were treated with thymol incorporated into a granule. These results indicate that natural plant oils may provide an effective approach to odor and pathogen control in manure.

Ozone. Ozone levels in the lower atmosphere (i.e. troposphere) can influence crop production and public health, and in turn can be influenced by agricultural activities. High concentrations of ozone in the lower atmosphere can result in significant yield reduction of crops such as rice, soybeans, wheat and barley. Volatile organic compounds released from animal production operations or application of pesticides can react with oxides of nitrogen and sulfur in the presence of sunlight to produce ozone. Agricultural operations may contribute to ozone levels in EPA designated ozone air quality non-attainment areas in the Western United States. ARS research assesses the effects of ozone on crops, including interaction effects with increased atmospheric carbon dioxide, and is working to provide a knowledge base needed to develop ozone-tolerant crop varieties. ARS is conducting research to measure and characterize volatile organic compounds from agricultural operations that contribute to ozone formation and to develop management practices and control technologies to reduce or eliminate emission of these compounds.

ARS researchers at Raleigh, North Carolina have found that elevated levels of carbon dioxide and antioxidant compounds in plant leaves minimize plant damage from tropospheric ozone. Elevated ozone levels suppress photosynthesis, reduce biomass production, and reduce seed yield in crops. The detrimental effects of ozone were fully countered when an ozone-sensitive variety of peanut was grown in an atmosphere of elevated carbon dioxide. Antioxidant compounds in soybean leaves were able to scavenge ozone entering the leaf so that foliar injury was minimized or prevented. Soybean with higher antioxidant levels in the leaf had a greater tolerance of ozone. These results suggest that improved plant tolerance to ozone can result  from antioxidant enhancement in the leaves of the target crop.

Pesticides and Other Synthetic Organic Compounds. Pesticides and other organic chemicals used in agriculture can be volatilized during or after application and transported to other locations where they may have unfavorable environmental or public health impacts. Volatile organic compounds (VOC) in pesticide formulations may serve as precursors for ozone formation. ARS is conducting research to characterize and measure VOC and to develop management practices and control technologies to reduce VOC emissions.

Experiments to measure atmospheric emissions of soil fumigants are extremely difficult, and require significant expenditures of resources. A microprocessor-controlled automatic sampling system, developed by ARS scientists in Riverside, California, reduces the cost of conducting field experiments, improves measurement accuracy, and allows collection of representative samples.  The system will enable more data on emission of gases from crop production systems to be acquired at a greatly reduced cost.  Data from the new system will facilitate adoption of a method for destroying fumigation gases developed by the ARS scientists from Riverside. A commercial firm is continuing development of the fumigation gas destruction method under a USDA Small Business Innovative Research grant.  

