1.0	Introduction





1.1	Background





Growing populations and expanding industries along the U.S.-Mexico border have created environmental stresses in both countries.  Comprehensive environmental protection programs are needed to maintain human health and natural ecosystems in the border area.  As part of the 1983 U.S.-Mexico Border Environmental Agreement (commonly known as the La Paz Agreement), the U.S. Environmental Protection Agency (EPA) funded a three-year effort from 1991 to 1994 to study the effects of cross-border transport on suspended particles in the Imperial Valley of California and in the city of Mexicali, Baja California.





Imperial County is located in the southeastern corner of California.  It is bordered on the south by Mexico, on the east by the Colorado River and the state of Arizona, on the west by the Coyote and Fish Creek Mountains, and on the north by Riverside County.  The axis of the Imperial Valley runs approximately northwest to southeast through the center of Imperial County and extends into Mexico.  Agriculture (e.g., tomatoes, cotton, sugar beets, melons, alfalfa, asparagus, lettuce) is the major economic activity in Imperial County, with tourism and cross-border commerce also being substantial contributors.  Geothermal power plants, light manufacturing operations, waste disposal sites, mining, and aggregate handling are also located within the county boundaries.





The city of Mexicali, the state capitol of Baja California, lies 189 kilometers (km) inland from the Pacific Coast on the California border.  Irrigation water from the Colorado River has turned the Mexicali Valley into a productive agricultural region for wheat, cotton, and cantaloupes.  Electronic and other industrial plants such as glass manufacturing and sand/gravel operations also contribute to Mexico’s economy.





Imperial County contains approximately 110,000 inhabitants.  To the north of the county, the upper reaches of the Imperial and Coachella Valleys in Riverside County contain a population in excess of approximately 60,000.  This area surrounding Palm Springs is the recipient of pollutants advected through the San Gorgonio Pass from the South Coast Air Basin.  Other significant population centers include the cities of Brawley (population ~15,000), El Centro (population ~24,000), and Calexico (population ~15,000).  Mexicali contains ~750,000 inhabitants.





The Imperial/Mexicali Valley has a hot, dry climate, with no more than eight centimeters of annual rainfall.  Less than 20% of the land in the Imperial Valley is covered by irrigated farms, with the remainder consisting of dry desert, mountains, and the Salton Sea.  The Salton Sea is fed primarily by irrigation runoff, and its water level changes depending on the balance among precipitation, evaporation, and runoff amounts.  The exposed beaches contain quantities of very fine soluble salts as well as sand.





Ambient PM10 concentrations have exceeded the annual and/or 24-hour PM10 standards at several locations in the Imperial Valley since 1985, as shown in Table 1-1.  Elevated PM10 concentrations result from a combination of emissions, transport, and transformation of pollutants.  Fugitive dust (e.g., paved/unpaved road dust, windblown dust, agricultural tilling, construction, aggregate mining/handling, the Salton Sea); motor vehicle exhaust (e.g., on-road/off-road vehicles, farm implements); field burning (e.g., asparagus and wheat crops); secondary aerosol formation; and pollution transport from Los Angeles, Palm Springs, and Mexicali are the potential causes of elevated PM10 concentrations in the Imperial Valley.





Primary particles are those which are directly emitted by sources.  These particles undergo few changes between source and receptor, and the atmospheric concentrations are, on average, proportional to the quantities emitted.  Secondary particles are those which form in the atmosphere from gases directly emitted by sources.  Sulfates (SO4�ADVANCE \L 2.90�=) and nitrates (NO3�ADVANCE \L 2.90�-) are the most common secondary particles, and concentrations of these species reach their highest levels during winter months at sampling sites in California.  Sulfate and nitrate particles result from sulfur dioxide (SO2) and oxides of nitrogen (NOx) emissions.  Their ambient concentrations are not necessarily proportional to quantities of emissions since the extent to which they form may be limited by factors other than the concentrations of precursor gases.  Organic particulate matter may result from atmospheric transformations related to photochemical activity which is at its maximum during summer months.





Table 1-2 shows emissions estimates from different source categories within Imperial County.  A daily emission rate of 31 tons of total organic gases (TOG), 28 tons of reactive organic gases (ROG), 130 tons of carbon monoxide (CO), 31 tons of nitrogen oxides (NOx), 2 tons of sulfur oxides (SOx), and 950 tons of PM10 were estimated to be released into the atmosphere in Imperial County in 1987.  Within the primary PM10 emissions category, fugitive dust sources (farming operations, construction and demolition, paved road dust, unpaved road dust, and windblown dust) account for over 98% of all emissions.  The windblown dust category alone accounts for more than 90% of all emissions.





This inventory gives the impression that windblown desert dust is the cause of excessive PM10 concentrations.  The highest measured PM10 concentrations do not necessarily correspond to wind speeds of sufficient magnitude to suspend and transport this dust to receptors, however (California Air Resources Board, 1988� XE "California Air Resources Board, 1988" �).  For those cases of high PM10 which do correspond to high wind speeds, the specific areas from which the dust is removed are unknown, and no pollution controls can be implemented while this knowledge is lacking.   Equally lacking is an inventory of emitters, such as that shown in Table 1-2, for the Mexican side of the border.  The lack of information concerning emissions and the relationship of those emissions to ambient concentrations of PM10 was a major motivation for conducting the present study.





1.2	The Study Team





The Imperial/Mexicali Valley PM10 Study was a collaborative effort that included participants from the U.S. Environmental Protection Agency (U.S. EPA), the California Air Resources Board (ARB), the Imperial County Air Pollution Control District (ICAPCD), the Dirección General de Investigacion y Desarrollo Tecnológico (SEDESOL) of Mexico, and the Desert Research Institute (DRI) of the University of Nevada.  The responsibilities of each entity were specified in the program plan (Watson et al., 1991a� XE “Watson et al., 1991” �).  





In addition to its scientific objectives, this study intended to develop and share technologies related to the measurement and modeling of air pollution(especially suspended particulate matter.  Each of the participants made concrete contributions.  One of the main management goals of this study was to develop cooperative relationships between the United States and Mexico air pollution control organizations.  These organizations need to work together to define PM10 issues in the Imperial Valley/Mexicali area, and to develop effective emissions control strategies to reduce particulate concentration levels.





1.3	Objectives





The goal of the Imperial/Mexicali PM10 Study was to determine the causes of standard exceedances on the U.S. side of the border and to determine the effects of cross-border transport on these exceedances.  This goal is accomplished by attaining the following technical objectives:





To acquire a database of specified precision, accuracy, and validity which is suitable to determine source contributions to elevated PM10 concentrations.





To estimate the spatial and temporal distributions of PM10 concentrations in the Imperial and Mexicali Valleys.





To apportion PM10 concentrations to source emissions.





To estimate cross-border transport of PM10.





The major management goal was to develop and transfer advanced sampling, analysis, and modeling technologies to the U.S. and Mexico air pollution control organizations.  A summary of the technology transfer workshops conducted for this study is listed in Table 1-3.  This technology can then be applied to quantify the effects of emissions reductions strategies on ambient concentrations in both the United States and Mexico.





1.4	Study Approach





A receptor-oriented source apportionment approach was taken in this study.  In such an approach, chemical properties are measured at sources to develop a fingerprint of each major emissions source type.  These “source profiles” are then used in receptor models to calculate the amount which each source type contributes to PM10 concentrations measured at receptors.  Since fugitive dust was suspected of being a major contributor to suspended particles, and since the source profiles for fugitive dust sources are too similar to allow their separation, other receptor-oriented approaches were included in the study design.  Short-term, intensive monitoring periods were superimposed on the annual monitoring period to characterize seasonal emissions and meteorological conditions.  During these periods, samples were taken for less than 24-hour periods to correspond with diurnal changes in emissions and meteorology.  Twenty-four-hour average samples were taken at up to thirty sampling sites located within, nearby, and far away from, different fugitive emissions source types.  These data were intended to support the use of spatial and temporal receptor models, in addition to the well-established Chemical Mass Balance model (CMB, U.S. EPA, 1987� XE "U.S. EPA, 1987" �; Watson et al., 1984; 1990a; 1990b; 1991b� XE "Watson et al., 1984\; 1990\; 1991" �) that is commonly used to support State Implementation Plans (SIPs).





As complements to receptor models, source-oriented dispersion models can also be used when particulate emissions from all sources are located and quantified and meteorological transport and diffusion can be simulated.  The Imperial/Mexicali Valley PM10 Study used a network of meteorological stations, many from ongoing networks and a few operated as part of this study, to determine the transport of air within the valley and across the border.  As noted earlier, the lack of accurate emissions estimates precludes the application of dispersion models.





The ambient sampling program acquired PM10 measurements at two base sites in the U.S. and Mexico near the international border between 03/13/92 and 08/29/93, on an every-sixth-day sampling schedule.  A saturation monitoring network consisting of 20 to 30 sampling sites was operated for the summer (08/21/92 to 08/27/92), winter (12/11/92 to 12/20/92), and spring (05/13/93 to 05/19/93) periods.  Source emissions for fugitive dust, motor vehicle exhaust, field burning, charbroil cooking, and industrial sources were sampled and chemically characterized.  Ambient and source PM10 samples were analyzed for mass, elements (i.e., sodium [Na] to uranium [U]), ions (i.e., chloride [Cl-], nitrate [NO3-], sulfate [SO4=], ammonium [NH4+], soluble sodium [Na+], soluble potassium [K+]), and carbon (organic carbon [OC], elemental carbon [EC]).





These data were supplemented with:  1) hourly average beta attenuation measurements of PM10 mass concentrations measured on the U.S. side of the border by the California Air Resources Board;  2) high-volume size-selective inlet measurements of PM10 at sites in the cities of Brawley, El Centro, and Calexico, operated by the ICAPCD; and  3) meteorological data from the California Irrigation Management Information System (CIMIS) and several industrial permitting stations located in Imperial County.  All of these data were assembled into a documented data base in common units, available in PC-DOS-compatible Xbase formats.  The study design is described in greater detail by Watson et al. (1991a).





1.5	Guide to Report





This section has stated the background and objectives of the Imperial/Mexicali Valley PM10 Study.  Section 2 documents the ambient monitoring network, the supplemental data acquired from existing networks, and the unified data base compiled from these measurements.  Emission source characterization is summarized in Section 3, from which the chemical source profiles used in CMB modeling are derived.  The ambient and source data bases are assembled, validated, and documented in Section 4.  Section 5 examines the temporal and spatial variations of PM10. Spatial receptor modeling results are shown in Section 6. Quantitative source contributions to PM10 concentrations at the measurement sites are reported Section 7.  Cross-border transport and relationships to meteorology are shown in Section 8.  Summary, conclusions, and recommendations are contained in Section 9.  The bibliography and references are assembled in Section 10.  Details about the ambient data set and source contribution estimates are included in a series of appendices.
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