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Introduction

Agriculture produces particulate matter and gases that influence air quality, while atmospheric gases such as ozone damage crops and lower crop yields.  ARS research on air quality associated with gaseous and particulate matter emissions is conducted through the Air Quality National Program and the Manure and Byproduct Utilization National Program.  Research in the Air Quality National Program is organized around five components: (1) particulate emissions, (2) ammonia, (3) malodorous compounds, (4) ozone, and 5) pesticides and other synthetic organic chemicals.  The Manure and Byproduct Utilization National Program has a component devoted to controlling emissions from Animal Feeding Operations (AFOs).  An Agricultural Air Quality Task Force (AAQTF) is appointed every 2 years by the Secretary of Agriculture to provide recommendations on agricultural air quality issues with particular attention to USDA research on air quality.  The AAQTF has identified the following priority areas for research: particulate matter and gaseous emissions from crop production and processing operations, and animal production operations 

ADVANCE \d4ARS research on air quality is directed toward developing management practices, control technologies, and decision tools that will allow producers, communities, state agencies, and federal agencies to control, assess, and regulate air quality threats associated with agricultural operations.  Producers and their advisors will be able to receive financial and technical assistance through 2002 Farm Bill Conservation Programs to adopt the emission control practices, technologies, and decision tools developed by ARS.  The following sections describe selected ARS research accomplishments during 2003. 

ADVANCE \d4
Particulate Matter Emissions 

Wind erosion prediction technology, such as the Wind Erosion Prediction System (WEPS), developed by scientists at Manhattan, Kansas, provides the USDA - Natural Resources Conservation Service (NRCS) and land managers with a tool for selecting best management practices to control wind erosion and the emission of fine particles (PM-10) into the atmosphere.  The WEPS model is undergoing final testing and will be released to the public in 2005.  In addition to the WEPS model, these scientists have recently produced a series of educational materials on wind erosion at the request of the NRCS.  The educational material was released on video and digital video disk (DVD) and was delivered to NRCS for distribution to each NRCS state office.  
To improve air quality, source estimates of PM10 (particulate matter less than 10 microns in diameter) emissions are needed, but measured emission rates of PM10 during wind erosion often vary by a factor of 10 on similar soils, even when adjusted to a constant horizontal soil discharge.  Causes for the wide variation in measured PM10 emission rates were studied in the laboratory on soils from low rainfall areas.  ARS scientists in Manhattan, Kansas, found that the relative amount of PM10 in suspension-size (< 100 micron diameter) material varied depending upon source; entrainment of loose soil, abrasion from immobile clods, or breakage of saltation-size averaged 1.5, 2.4, and 4.9 percent, respectively.  Incorporating both soil properties and PM10 creation processes should significantly improve PM10 emissions from wind erosion models like WEPS. 

Wind erosion and dust entrainment is traditionally thought to be caused by saltation-based processes, but the highly-erodible soils of the Columbia Plateau are very fine and contain little saltation-sized particulates.  Scientists in Pullman, Washington, examined the processes by which dust is entrained in the atmosphere for the dryland cropping region of central Washington.  Examination of wind velocity profiles during dust storms indicated that dust entrainment was caused by direct aerodynamic suspension rather than by saltation.  Therefore, models of wind erosion and dust entrainment must include direct suspension as a mechanism by which fine soil particulates are emitted into the atmosphere.

An easy and reliable method to predict the amount of dustiness is needed because once detached from the surface fine dust particles are blown vast distances downwind resulting in significant topsoil loss while negatively impacting air quality.  The Wind Erosion and Water Conservation research unit of the Cropping Systems Research Laboratory, Lubbock, Texas, reformulated a previously derived equation that relates saltation activity and relative wind strength such that threshold may be calculated from measurements of saltation activity, wind speed, and turbulence intensity.  Field tests were performed to determine its usefulness and effectiveness on a sandy surface in West Texas.  This new method allows for the rapid determination of the wind speed for which dust will begin moving during natural wind conditions in the field using commercially available equipment.  This new method allows for routine monitoring of surface threshold conditions in the field and will be important in the validation of dust emission models that predict effects of wind erosion on air quality. 

ADVANCE \d4Air quality districts across the country are currently evaluating new regulations to bring areas that are in non-attainment into attainment.  Abatement technology, sampling protocols, and procedures that are currently being used or considered for use were developed for urban environments and do not directly apply to agricultural applications. Scientists in Lubbock, Texas, and Las Cruces, New Mexico, are currently determining the errors associated with air sampling devices used to determine concentration of particulates emitted from cotton gins, reductions in particulates from different abatement technologies, and the true PM-10 and PM-2.5 emission factors from cotton gins.

Soil characteristics, especially soil microbial analyses, may indicate cropping systems that will be successful in reducing wind erosion.  ARS Scientists from Pullman, Washington, and Lubbock, Texas, investigated the effect of management on enzymes and microbial community structure in semiarid soils from west Texas.  Soil enzyme activities and fatty acid methyl ester (FAME) profiles were correlated with location, organic C and texture.  This research indicates that conservation tillage practices and crop rotations protect semiarid soils from wind erosion and enhance environmental quality. 

ADVANCE \d4Ammonia

Previous ammonia emissions measurements from livestock production units have been made over relatively short periods of time and don’t represent the entire animal production cycle.  ARS scientists from Ames, Iowa, measured ammonia concentrations at four locations adjacent to a swine grow-finish unit.  These measurements were made continually for a week and then repeated every other week throughout the cycle of removing pigs from the barn at market weight through repopulation with small animals through the complete production cycle.  Large variations in ammonia emissions were observed within and among days.  Management of the building and the presence of animals induced part of the variation.  Ammonia concentrations were affected by the turbulence structure adjacent to the building.  These results demonstrate that emission rate calculations will require determination of turbulence as part of the measurement technique.  Information on ammonia emissions from buildings is critical to understand the dynamics of emission rates and the potential source term for dispersion models.

There is a paucity of U.S. data on field ammonia volatilization, despite the EPA guideline to develop ammonia control strategies for confined animal feeding operations. Scientists from Beltsville, Maryland, studied ammonia volatilization from land application of manures with micro-meteorology and wind tunnel techniques.  Dairy slurries had the highest emission rates with about 40% of the slurry ammonium-N lost within 6 hours and about 50% lost the first day.  The corresponding average ammonia fluxes were about 3.4 kg NH3-N ha-1 hr-1 over the first 6 hours and 1 kg NH3-N ha-1 hr-1 over the first day.  Ammonia emissions from dairy slurries were small beyond the second day. Poultry litter, on the other hand, had substantially lower emission rates amounting to losses of about 3.5% of the litter ammonium-N (0.5 kg NH3-N ha-1 hr-1) during the first 6 hours and 6% lost (0.2 kg NH3-N ha-1 hr-1) over the first day.  Poultry litter continued to lose ammonia at a nearly constant rate over 2 weeks, with a typical daily emission rate of 3% of the litter ammonium-N (0.1 kg NH3-N ha-1 hr-1).  ARS scientists, using micrometeorological techniques in the humid Southeast found that the total percentage of ammonia emissions from field application of swine wastes effluent was quite small, about 2% of the total nitrogen input into the swine operations.  Nitrous oxide losses were also quite small representing about 0.1% of the total nitrogen input.  Data from this research can contribute to the development of a decision support module for improving estimates of ammonia volatilization from land application of manure.

Malodorous Compounds 

Manure generated at AFOs can create nuisance odor problems for neighboring residents.  Enforcement of odor regulations imposed by state and local governments will require objective measurement techniques.  ARS scientists at Beltsville, Maryland, have developed a flow-through Teflon chamber and a solid-phase microextraction (SPME) technique to capture malodorous gases.  The research demonstrated that the SPME technique is a powerful tool for capturing low levels of gases that are associated with odors.  This technique can be used to evaluate the effectiveness of management practices and technologies for the reduction of odors. 

ADVANCE \d4Analysis of complex ambient air samples for volatile organic chemicals is challenging since gases that represent different compound classes with differing polarity, generally require different chromatographic columns for optimal separation and low detection limits.  New analytical methods, utilizing multi-dimensional GC-MS, have been developed by ARS scientists in Beltsville, Maryland, allowing improved separation of a number of polar and non-polar, volatile organic compound classes using only one instrument.  This new approach has resulted in the development of sensitive methods to measure a number of volatile fatty acids, volatile sulfur compounds, p-cresol, indole and skatole in the headspace over waste water and manure samples.  This work will allow analysts to quantify key odorants and to identify unknown odorants present in the headspace or condensed phase of numerous types of waste systems.  In addition, this new technology will allow alternative odor control technologies to be evaluated.

Ozone Impacts 

ARS scientists in Beltsville, Maryland, have shown that the soybean cultivar (cv) Essex is tolerant and cv Forrest sensitive to the high ozone levels frequently observed in many North American agricultural areas.  Studies were conducted to examine the relationship of soybean leaf ascorbate redox and foliar photosynthesis.  The ascorbate-dehydroascorate redox status as well as photosynthesis in cv Essex were always higher in the mature leaflets of cv Essex than in those of cv Forrest, indicating that greater tolerance to ozone is directly related to ascorbate's role in protecting enzymes of photosynthetic carbon assimilation.  This study provides stronger evidence indicating that soybean breeders and genetic engineers, whose mission is to develop elevated ozone tolerant soybeans, should be attempting to increase foliar ascorbic acid levels and the activities of enzymes that help maintain ascorbic acid in the reduced form.

Exposure of several grass crops, such as wheat and barley, to elevated carbon dioxide (CO2) levels often induces senescence and/or oxidative stress in the leaves.  In a collaborative project with ARS-Alternate Crops and Systems Laboratory, experiments were conducted to determine how the primary leaves of elevated CO2 exposed barley plants were attempting to manage the oxidative stress.  Concurrent with a dramatic drop in photosynthesis and photosynthetic carbohydrate production (leaf senescence), a pronounced decline in the antioxidants, ascorbic acid and glutathione, was observed in the primary leaves of barley plants exposed to elevated CO2 level.  Results in this study are important to plant physiologists; to environmentalists; and to human, animal and plant nutritionists because elevated CO2 level is identified as a phytotoxic air pollutant that is related to leaf senescence causing a concurrent decline in levels of antioxidants such as ascorbate and glutathione.

Pesticides and Other Synthetic Organic Chemicals 

Methyl bromide (MB) emissions and emissions from fumigants that may replace MB are an air quality concern, as well as a stratospheric ozone-layer concern.  New soil fumigant types and methods that are environmentally safe are required due to the pending phase out of the soil fumigant methyl bromide.  Experiments were conducted by scientists in Riverside, California, to determine if drip applications of fumigants produce lower atmospheric emissions compared to shank injection of the chemicals. They found that (1) the configuration of the drip system (i.e., emitter spacing, number of lines) had little impact on emissions, (2) tarping the soil surface with standard high-density polyethylene reduced the maximum flux but did not affect cumulative emissions, and (3) the use of impermeable plastic can drastically reduce emissions from the covered beds but a large proportion of the total flux escaped from the uncovered furrows.  These are the first detailed experiments conducted for subsurface drip application of fumigants and will provide valuable guidance for reducing emissions for this fumigant application method. 

Agricultural fumigants can potentially contaminate the atmosphere as they can rapidly move through soils and be volatize into the atmosphere.  Therefore, methods are needed to reduce emissions to protect air quality.  Experiments were conducted at ARS in Riverside, California, to find cost-effective methods that could be used to rapidly degrade fumigants at the soil surface.  Degradation and detoxification of chloropicrin and 1,3-dichloropropene was significantly enhanced in soils amended with ammonium thiosulfate (a common fertilizer) and sodium diethyldithiocarbamate (a nitrification inhibitor) compared to unamended soil.  Applying these materials at the soil surface after fumigant application can reduce atmospheric emissions, detoxify contaminated soil and water supplies, and offers a new management strategy to protect the environment from fumigant contamination.

A significant decline in ecosystem health in the Biscayne and Florida Bays has been reported in the past decade.  Evidence of this decline includes:  die-off of seagrass beds; declines in sponge, coral and shellfish populations; and development of noxious algal blooms.  An exploratory project was been initiated in South Florida by ARS scientists in Beltsville, Maryland, and Tifton, Georgia, in collaboration with the University of Florida, Tropical Research and Education Center, National Park Service, and National Oceanic and Atmospheric Administration, where rain collected on an event basis and weekly air samples were compared to surface water samples which were collected from the Mowery Canal, surrounding agricultural areas, and the Biscayne Bay.  Preliminary results showed malathion, atrazine, alachlor, metolachlor, and several degradation products were detected in surface water samples, and malathion, atrazine, chlorothanil and diazinon were observed in the rain.  This data will be used to assess the impact of intense agricultural production on air and water quality in sensitive coastal ecosystems of South Florida where nearly 10 million pounds of inventoried agrochemicals are used annually.

