5.0	TEMPORAL AND SPATIAL VARIATIONS OF PM10





The most rudimentary form of receptor modeling consists of examination of spatial and temporal distributions of atmospheric constituents and relative abundances of certain chemical species.  When coupled with a conceptual understanding of the emissions sources, meteorology, and chemical transformation mechanisms, this receptor-oriented analysis provides qualitative, and even semi-quantitative, evidence of relationships between source emissions and receptor concentrations.  This section examines the temporal and spatial distribution of PM10 and its chemical components.





5.1	Exceedances of Federal 24-Hour PM10 Standards





Table 5-1 summarizes the number of cases which exceeded the federal 24-hour PM10 standard of 150 (g/m3 between 03/13/92 and 08/29/93 at the Imperial County compliance monitoring network.  Concurrent measurements made at the Mexicali site are also listed.  For the eight standard exceedance days, 24-hour PM10 concentrations were exceeded two times at the Brawley site, once at the El Centro site, six times at the Calexico Police and Fire Station site, three times at the Calexico site, and six times at the Mexicali base site.





Except for samples acquired on 03/13/92 and 08/23/93, PM10 mass concentrations varied by more than a factor of five among the five sampling locations on a given standard exceedance day.  On 10/09/92 and 12/02/92, PM10 concentrations were high at the sites around the U.S./Mexico border, with a decreasing trend toward the north.  Maximum 24-hour PM10 concentrations for the entire study period occurred on 12/02/92 with 223 (g/m3 at the Calexico site and 474 (g/m3 at the Mexicali site.  Collocated PM10 measurements at the Calexico site reported 220 (g/m3 with a portable sampler and 277 (g/m3 with an SSI sampler.  PM10 concentrations at the El Centro and Brawley sites on 12/02/92 were a factor of two and three lower than the corresponding Calexico SSI measurements, respectively.  No apparent region-wide event was found on these two days, though the SFS field data sheets noted that asparagus field burning took place in the valley on 12/02/92.





The twenty-four-hour PM10 standard was exceeded at the Brawley and Mexicali sites on 01/19/93, with very low (<60 (g/m3) concentrations at the remaining sites.  Trans-border transport was unlikely on this day.  A similar concentration pattern was also found on 01/25/93 with the exception of the Calexico Police and Fire Station site, which reported a PM10 value of 163 (g/m3.  Since the corresponding PM10 SSI concentration at the adjacent (~5 km west) Calexico base site is only 43 (g/m3, it is theorized that some localized activities, rather than cross-border transport, may have contributed to the elevated PM10 concentration at the Calexico Police and Fire Station site.





Three additional exceedance days (i.e., 03/13/92, 03/14/93, 03/20/93) were found at the Calexico Police and Fire Station site with PM10 concentrations ranging from 158 (g/m3 to 264 (g/m3.  The corresponding PM10 measurements at the adjacent Calexico site were 66 (g/m3 to 179 (g/m3 lower.  No apparent transport phenomenon was discovered.





Valley-wide elevated PM10 concentrations were observed on 08/23/93 with PM10 concentrations exceeding 150 (g/m3 at all but the Brawley site.  PM10 concentrations were 294 (g/m3 at the Calexico Police and Fire Station site, decreasing to 180 (g/m3 at the El Centro site, and to 95 (g/m3 at the Brawley site.  These PM10 observations reveal a decreasing spatial concentration gradient from the southeast to the northwest, suggesting potential cross-border transport from Mexico to the U.S.  PM10 data from the dichotomous samplers at the El Centro and Calexico sites reported very low PM2.5 to PM10 ratios, implying that coarse particles (PM10 minus PM2.5) were the major component of PM10 and that fugitive dust may have been resuspended and transported into the study region on 08/23/93.  Even though the PM10 mass concentration of 95 (g/m3 at the Brawley site was only approximately 50% of the concentration observed at the El Centro site, this value was 80% greater than its annual average of 52 (g/m3 (California Air Resources Board, 1993� XE "California Air Resources Board, 1993" �).





Section 4.5.1 shows that most of the collocated PM10 samplers performed comparably well (e.g., over 80% of the paired differences lie within three standard deviations of the “Y/X”).  Table 5-1 reveals that the deviations among samplers are pronounced at high ambient PM10 concentrations and the statistical summary does not necessarily represent excellent agreement on each individual sample-pair.  It is suspected that dry and windy conditions enhanced particle re-entrainment, possibly causing discrepancies among the collocated measurements.  The biggest discrepancies were found at the El Centro site on 03/20/93, which reported 32 (g/m3 of PM10 from the dichotomous sampler and 108 (g/m3 of PM10 from the SSI sampler.  No apparent anomalies were found in the data base.  Meteorological data will be examined on the individual standard exceedance days in Section 8 to establish relationships among emission, meteorology, and ambient concentrations.





Daily PM10 data from the beta attenuation monitor (BAM) at the Calexico site reported two additional standard exceedance days.  They were:  1) 180 (g/m3 on 07/24/92, and  2) 205 (g/m3 on 07/23/93.  These days were not on the U.S. EPA compliance monitoring network sampling schedule; therefore, no concurrent PM10 measurement is available for comparison.  As shown in Table 5-1, the beta attenuation monitor at the Calexico site was not operated on most of the standard exceedance days.  In actuality, more 24-hour PM10 standard exceedances would be recorded if daily (instead of every-sixth-day) sampling had been taking place in Imperial County.





A total of 23 PM10 standard exceedance days were reported at the Mexicali site during the entire study period.  Figure 5-1 displays the side-by-side comparison at the two base sites on these standard exceedance days.  This figure demonstrates that PM10 concentrations at the Mexicali site on standard exceedance days was a factor of 2 to 15 higher than the corresponding values at the Calexico site.  Elevated PM10 concentrations at the Mexicali site did not necessarily correspond with the high concentrations at the Calexico site.  PM10 concentrations varied from 152 (g/m3 to 474 (g/m3 at the Mexicali site and from 22 (g/m3 to 223 (g/m3 at the Calexico site.  The majority of these elevated PM10 concentrations occurred during the fall and winter periods, especially over the holiday season between 12/15/92 and 12/31/92.





In addition to the compliance monitoring sites, PM10 exceedances were found at many of the satellite locations during the intensive study periods, which will be discussed in Section 5.5.





5.2	Statistical Summary of PM10 Mass and Chemical Concentrations





Twenty-four-hour PM10 mass concentrations acquired at the Calexico and Mexicali sites using SFS and portable PM10 samplers were compared.  Even though the two base sites are less than 15 km apart, their PM10 concentrations are not correlated.  The correlation coefficients (r) were 0.55 and 0.49 for the SFS and portable PM10 samples, respectively.  Figure 5-2 shows that as PM10 concentrations exceeded 50 (g/m3, nearly all the data points were above the one-to-one line with a slope of 1.2 to 1.4.  This implies that PM10 concentrations at the Mexicali site were consistently 30% to 50% higher than those observed at the Calexico site and local sources within the close vicinity of the sampling sites have a major impact on their PM10 concentrations.  Similar patterns were found for PM10 mass measurements between the collocated SFS and portable samplers.  It is apparent that site-to-site variations are much greater than the differences between the two types of samplers.   The following subsection focuses on the discussion of annual PM10 mass and chemical characteristics acquired by the SFSs.  Statistics from the pilot, intensive, and mini-intensive studies as well as data acquired from the portable PM10 survey samplers are also summarized for comparison.





5.2.1	Characteristics of PM10 Chemical Components During the Pilot and Annual Periods





Table 5-2 presents averages, standard deviations, and minimum and maximum concentrations for 24-hour average SFS PM10 concentrations acquired during the annual study periods between 09/03/92 and 08/29/93.  Since this sampling program was not designed to correspond to the calendar quarter, the annual average presented in Table 5-2 could not be computed from the stratified seasonal average.  There should be no difference between the unstratified annual average and the stratified seasonal average for this study since an equal number of days were being sampled per calendar quarter (Chow et al., 1988� XE "Chow et al., 1988" �).





As stated in Section 5.1, three 24-hour PM10  standard exceedance days (i.e. 10/09/92, 12/02/92, and 08/23/93) were reported at the Calexico site during the annual study.  Maximum PM10 mass concentrations were found on 12/02/92, with 222.7 ( 11.2 (g/m3 at the Calexico site and 474.0 ( 237 (g/m3  at the Mexicali site.  Elevated (i.e., two to three times the annual average) PM10 ions (e.g., Cl-, NO3- SO4=, NH4+), carbon (e.g., OC, EC), and crustal-related species (e.g. Al, Si, K, Ca, Ti, Mn, Fe) were found on this day.  The second highest concentrations were found on 10/09/92 at the Calexico site with PM10 mass being 194.0 ( 9.7 (g/m3, and on 11/26/92 at the Mexicali site with PM10 mass being 449.0 ( 22.5  (g/m3.





Annual average PM10 mass was 61.9 ( 43.0 (g/m3 at the Calexico site and 125.8 ( 105.5 (g/m3 at the Mexicali site.  The large standard deviations associated with the averages suggest that a wide range of PM10 concentrations were observed.  The annual average at the Calexico site exceeded the federal annual PM10 standard of 50 (g/m3 by more than 20%.  This implies that some control measures may be needed in the valley on a year-round basis to reduce the overall PM10 concentrations.  The most abundant (>1 (g/m3) species were found to be ions (e.g., Cl-, NO3-, SO4=, NH4+), carbon (OC, EC), and soil-related crustal species (e.g., Al, Si, K, Ca, Fe).





Relative proportions of soil-related species were similar at the two base sites.  The sums of these soil-related crustal species (e.g., Al, Si, K, Ti, Ca, Fe, Zn) were approximately 32% to 35% of the annual average PM10 mass concentrations at the Calexico and Mexicali sites, respectively, though their absolute concentrations were about a factor of two higher at the Mexicali site than at the Calexico site.  For example, average PM10 silicon concentrations varied from 11.4 ( 7.7 (g/m3 at the Calexico site to 20.7 ( 13.5 (g/m3 at the Mexicali site.  Maximum PM10 silicon concentrations were found to be 37.4 ( 11.8 (g/m3 (19% of PM10 mass) on 10/09/92 at the Calexico site and 50.6 ( 16.0 (g/m3 (13% of PM10 mass) on 10/09/92  at the Mexicali site.  PM10 calcium concentrations were also high, and averaged 3.3 ( 2.4 (g/m3 at the Calexico site and 7.2 ( 5.3 (g/m3 at the Mexicali site.  These concentrations were comparable to or higher than those observed in other urban areas in California (e.g., Chow et al., 1992a; 1993d� XE "Chow et al., 1992a\; 1993a" �).





Concentrations of motor vehicle exhaust-related species, such as PM10 bromine (Br) and lead (Pb), were also a factor of two higher at the Mexicali site than those found at the Calexico site.  Average PM10 Pb concentrations were 0.038 ( 0.048 (g/m3 at the Calexico site and 0.097 ( 0.074 (g/m3 at the Mexicali site.  These concentrations are comparable to those observed in U.S. urban areas during the mid-1980’s.  PM10 Pb concentrations are not expected to be high since leaded gasoline was phased out of the U.S. market during the late 1980’s, and no other lead sources were recorded in the current emissions inventory.





Residential oil combustion-related species such as PM10 vanadium (V), and nickel (Ni) concentrations were a factor of 2.2 to 2.5 higher at the Mexicali site than the corresponding concentrations at the Calexico site.  These PM10 concentrations were detected on 35% to 65% of the samples for V and Ni, respectively, as shown in Table 4-8.  These low concentrations reflect the absence or insignificant consumption of the residential oil combustion in the study area.





With regard to secondary aerosol, PM10 NO3-, SO4=, and NH4+ accounted for 7% to 10% of the average PM10 mass at the Calexico and Mexicali sites, respectively.  The absolute difference in the average ion concentrations between the two sites was less pronounced than the soil-related species, typically 25% to 50% higher at the Mexicali site.  Ammonium concentrations are low as compared to the stoichiometric ratios of ammonium sulfate and ammonium nitrate.  Since Section 4.5.4 showed that approximately 25% of the measured anions cannot be explained by the measured cations in this study on a molar-to-molar basis, it is assumed that some form of ammonium bisulfate, sodium bisulfate, calcium sulfate, or sodium nitrate may be present in the valley in detectable quantities.





The greatest differences were found in average PM10 OC concentrations, which varied from 10.1 ( 7.3 (g/m3 at the Calexico site to 24.2 ( 25.8 (g/m3 at the Mexicali site, and accounted for approximately 15% to 20% of the annual average PM10 mass.  The large standard deviations associated with these averages indicated that high OC concentrations only occurred on a few days and the annual averages were positively biased.  Examination of the data base shows that elevated OC concentrations (i.e., exceeded three times the annual average) were found on 10/09/92 and 12/09/92 at the Calexico site, and on 10/09/92, 11/26/92, and 12/02/92 at the Mexicali site.  Maximum PM10 OC concentrations were 38.9 ( 3.7 (g/m3 (17% of PM10 mass) on 12/02/92 at the Calexico site and 121.2 ( 11 (g/m3 (26% of PM10 mass) on 12/02/92 at the Mexicali site.  Elemental carbon concentrations were much lower, averaging 2.5 ( 1.8 (g/m3 at the Calexico site and 4.0 ( 2.5 (g/m3 at the Mexicali site.





The average ratios of OC to TC (“OC + EC”) were 0.80 at the Calexico site and 0.86 at the Mexicali site.  As discussed in Section 3, high OC/TC ratios were found in the source profiles for motor vehicle exhaust, field burns, glass plants, and charbroil cooking.  These sources might have a significant impact on the elevated ambient carbon levels reported in this study.





PM10 Na+, Cl-, and K+ concentrations often exceeded 1 (g/m3, typically in the range of 0.5 to 3 (g/m3.  As discussed in Section 3, vegetative burning and sea salt from the Salton Sea and playa bed could potentially be the PM10 sources in the study area.





Table 5-3 presents the statistical summary of 24-hour PM10 chemical compositions during the pilot study period between 03/11/92 and 08/28/92.  This “break-in” study period consisted of only the spring and summer seasons, and the averages and maxima are expected to be lower than those found in the annual period.  The average PM10 concentrations were 43.1 ( 15.9 (g/m3 at the Calexico site and 82.9 ( 41.0 (g/m3 at the Mexicali site, approximately 30% to 35% lower than the unstratified annual average presented in Table 5-2.





No 24-hour PM10 standard exceedances were found at the Calexico site during the pilot study.  Maximum PM10 mass concentrations were found on 04/24/92, with 73.3 ( 3.7 (g/m3 at the Calexico site and 202.4 ( 10.1 (g/m3 at the Mexicali site.  Maximum PM10 NO3-, SO4=, NH4+, OC, EC, Al, Si, Ca, and Fe concentrations for the pilot period all occurred on this day, with elevated Na+, Na, Cl-, Cl, K+, and K concentrations.  Only one other exceedance (160.5 ( 8.1 (g/m3 occurring on 06/17/92) was reported during the pilot period at the Mexicali site.





Although the absolute PM10 concentrations during the pilot period were 20 (g/m3 to 40 (g/m3 lower than the corresponding annual average at the two base sites, their relative abundance on major source types were nearly identical to the annual PM10 compositions.  Table 5-3 shows that soil-related crustal species accounted for 35% of the PM10 mass; secondary NO3-, SO4=, and NH4+ accounted for 7% to 12% of the PM10 mass; and OC and EC accounted for approximately 20% of the PM10 mass.





Individual species concentrations were consistently a factor of 1.5 to 2 higher at the Mexicali site as compared to concentrations at the Calexico site.  The OC/TC ratios during the spring and summer seasons were a few percentage points higher than the annual average, with 0.85 at the Calexico site and 0.88 at the Mexicali site.  As a result, the sum of chemical species (see Section 4.5.2) versus PM10 mass ratios were 3% to 4% higher for the pilot period when compared with the annual period.





PM10 measurements were acquired by collocated portable samplers at the two base sites and the statistical summaries are presented in Tables 5-4 and 5-5 for the annual and pilot periods, respectively.  No ion or carbon concentrations were acquired by the portable samplers and the sum of species to PM10 mass ratios were 25% to 30% lower than those reported in Tables 5-2 and 5-3.  With respect to the annual period, ratios of average SFS to portable PM10 mass were 1.09 and 1.04 at Calexico and Mexicali, respectively.  These ratios were decreased by 15% to 20% during the pilot period.  This is expected since the D50 cutpoints of the original inlets on the portable samplers were approximately 12 (m, and these inlets were replaced with 10 (m inlets on 08/22/92 as discussed in Section 4.5.2.  Therefore, over 95% of the portable samples collected PM12 during the pilot period, which resulted in a positive bias of approximately 15% in this data set.





As expected, relative proportions of the soil-related crustal species for the portable samples (Tables 5-4 and 5-5) were similar to those of SFSs (Tables 5-2 and 5-3), with maximum concentrations occurring on the same days (i.e., 04/24/92 for the pilot period and 12/02/92 for the annual period).





5.2.2	Characteristics of PM10 Chemical Components During Winter- and Mini-Intensive Periods





The holiday season starts in Mexico on December 15 and lasts through January 6 each year.  It is suspected that elevated PM10 concentrations may occur with the increasing anthropogenic activities during holidays.  Wintertime PM10 levels were characterized at the two base sites during two sampling periods.  The winter intensive sampling period was from 12/11/92 to 12/20/92, with samples taken daily, four times per day.  The mini-intensive sampling period was from 12/21/92 to 01/07/93, with samples taken daily, once per day.





Table 5-6 compares the average statistics derived from the mini-intensive with the winter period (i.e., winter- plus mini-intensive).  Although there are five days during the winter period which are also included in the calculation of the annual average for every-sixth day sampling, the overlap is considered to have an insignificant (~8%) effect on annual average statistics.  Average PM10 mass concentrations ranged from 46.0 ( 32.9 (g/m3 at the Calexico site to 137.0 ( 98.6 (g/m3 at the Mexicali site for the winter period; and ranged from 39.1 ( 21.6 (g/m3 at the Calexico site to 145.7 ( 118.2 (g/m3 at the Mexicali site for the mini-intensive period.





Compared to the statistics for the annual and pilot periods presented in Tables 5-2 and 5-3, the biggest differences are found to be the ratios of the average PM10 mass and chemical compositions between the Mexicali and Calexico site.  These ratios were typically 1.5 to 2.5 during the pilot and annual study periods, which was increased to 3.0 to 3.5 during the winter period, and reached 3.5 to 5.1 during the mini-intensive period.  While the absolute concentration varied from a factor of 1.5 to 5.0 between the two sites, the sum of chemical species versus mass ratios were consistently 5% to 7% higher at the Calexico site as compared to the Mexicali site.  These ratios were 69% to 76% at the Calexico site and 64% to 69% at the Mexicali site.  The lower sum of chemical species over PM10 mass ratio at the Mexicali site suggests the possibility that some of the chemical species present in the Mexicali airshed were not measured during the study.





The ratios of the average chemical species between the Mexicali and Calexico sites exceeded 4.0 for OC, Cl-, Cl, Ca, Fe, Br, and Pb during the mini-intensive period.  Impacts from motor vehicle exhaust, vegetative burning, and geological material are apparent in close vicinity to the Mexicali site.  Maximum 24-hour PM10 Pb concentrations were found to be 0.35 ( 0.08 (g/m3, which occurred on 12/24/92 at the Mexicali site, with Br concentrations of 0.023 ( 0.007 (g/m3.  These Pb concentrations are orders of magnitude higher than the LQL of 0.0041 (g/m3 listed in Table 4-8, but much lower than the National Ambient Air Quality Standard (NAAQS) of 1.5 (g/m3 for quarterly averaged TSP.  PM10 Pb and Br concentrations on 12/24/92 at the Calexico site were not elevated, measuring 0.034 ( 0.027 (g/m3 and 0.0031 ( 0.0028 (g/m3, respectively.





No 24-hour PM10 standard exceedances occurred at the Calexico site between 12/11/92 and 01/07/93.  During the winter period, maximum PM10 mass concentrations were found to be 131.2 ( 14.5 (g/m3 at the Calexico site on 12/17/92, and 461.8 ( 89.6 (g/m3 at the Mexicali site on 12/24/92. With respect to the entire study period between 03/13/92 and 08/23/93, the 12/24/92 sampling day produced the second highest (besides 12/02/92) PM10 mass concentration at the Mexicali site.  Maximum 24-hour PM10 OC, K+, K, Cl-, Cl, As, Sr, Sb, Ba, and Pb concentrations all occurred on this day at the Mexicali site.  The predominant contributor on 12/24/92 was found to be PM10 OC concentration, measuring 136.8 ( 23.4 (g/m3 (30% of the PM10 mass).





5.3	Diurnal Variations of PM10





5.3.1	Diurnal Variations of Hourly PM10 Mass Concentrations





Hourly PM10 concentrations from BAM were examined for diurnal variation.  Samples acquired during daylight savings time were converted to pacific standard time (PST) for comparison.  Figure 5-3a shows that for all samples collected between 03/07/92 and 08/29/93, median hourly PM10 levels peak around 0700 to 0800 PST and around 2000 to 2100 PST.  Similar peaks were found at the 95th percentile with maximum concentrations occurring at 2100 PST.  Early morning (0700 to 0800 PST) PM10 mass reached 197 (g/m3, with concentrations gradually decreasing until early afternoon (1300 PST).  Concentrations increased after 1400 PST to reach a maximum of 376 (g/m3 at 2100 PST.  These nighttime maximum concentrations are nearly twice the daytime maxima for 95th percentile concentrations.





Figure 5-3b shows that a similar pattern was observed during spring (March, April, May) with the maxima of 399 (g/m3 at 2100 PST.  The diurnal pattern was variable for the 95th percentile during summer (June, July, August), with a moderate peak at noon which was 15% lower than the morning peak.  The median hourly PM10 concentrations for winter (December, January, February) peak at 0800 PST and 2000 PST.  Medium PM10 concentrations stayed elevated between 1800 and 2000 PST during winter, which is approximately an hour or two earlier than those found in other seasons.  This is expected due to the change to daylight savings time during the winter causing daily activities to be an hour ahead.  For the 95th percentile, wintertime peaks were found at 2000 and 2200 PST and a dip at 2100 PST, which differs from the other seasons.  These hourly PM10 concentrations provided insight to the concentration variations within a given time period.  It is speculated that these peaks corresponded to morning and evening traffic patterns and nighttime cooking activities (note that dinner time is generally around 2000 PST to 2100 PST in Mexico), along with limited atmospheric mixing during the early morning and late evening periods.





5.3.2	Diurnal Variations of Six-Hour PM10 Mass and Chemical Components





A similar analysis was made as part of the program planning for the study (Watson et al., 1991a� XE "Watson et al., 1981" �), and the intensive sampling program was designed to correspond to the diurnal pattern exhibited in Figure 5-2.  Diurnal samples were taken with SFSs over 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) intensive periods for the early morning (0000 to 0600 PST), morning (0600 to 1200 PST), afternoon (1200 to 1800 PST), and nighttime (1800 to 2400 PST) periods.  





A statistical summary of diurnal averages is shown in Tables 5-7 and 5-8 for the Calexico and Mexicali sites, respectively.  Average PM10 mass concentrations varied by more than a factor of two within the four sampling intervals.  Diurnal concentrations were lowest during the afternoon with 37.1 ( 26.2 (g/m3 at the Calexico site and 58.3 ( 37.0 (g/m3 at the Mexicali site.  Maximum PM10 mass concentrations occurred during nighttime, with an average of 81.4 ( 93.3 (g/m3 at the Calexico site and 129.2 ( 128.6 (g/m3 at the Mexicali site.





Average 24-hour PM10 mass concentrations were 50.4 ( 33.9 (g/m3 at the Calexico site and 87.6 ( 52.0 (g/m3 at the Mexicali site.  These average PM10 concentrations were 20% to 40% lower than the annual average, but it was 10% to 20% higher than the averages in the pilot study period.





No 24-hour PM10 standard exceedances were found at the Calexico site during the intensive study period.  Three exceedance days were reported at the Mexicali site on 12/15/92, 12/16/92, and 12/17/92.  Maximum 24-hour PM10 concentrations occurred on 12/17/92, with 131.2 ( 14.5 (g/m3 at the Calexico site and 180.9 ( 19.2 (g/m3 at the Mexicali site.  Similar concentration patterns were found between the Calexico and Mexicali site.  Concentrations at the Mexicali site were found to be, on average, a factor of 1.5 to 2.0 higher than the Calexico site in any given six-hour sampling interval.  Relative concentrations of chemical species were similar among the four periods.  Nighttime PM10 concentrations were a factor of two or higher than the other time intervals for most of the soil-related crustal species and carbon.  PM10 NO3- and SO4= concentrations were the only species which did not exhibit much diurnal variation.





Figure 5-4 presents the time series plots of PM10 mass concentration during the summer, winter, and spring intensive periods at the two base sites.  It is apparent that PM10 mass concentrations were lowest during the spring and highest during the winter.  Diurnal patterns were pronounced during the winter period with nighttime concentrations exceeding 450 (g/m3 over the six-hour sampling interval.  There was a noticeable pollution build-up between 12/14/92 and 12/17/92 following the low concentration period of 12/12/92 to 12/13/92.





5.4	Temporal Variations of PM10 Chemical Compositions





5.4.1	Material Balance of PM10 Chemical Compositions During the Pilot and Annual Periods





Figures 5-5a and 5-5b show temporal variations of material balances for organics, elemental carbon, ammonium, nitrate, sulfate, crustal material, trace species, sea salt, and unexplained mass abundances in PM10 during the annual period at the Calexico and Mexicali sites, respectively.  The material balance (Solomon et al., 1989� XE "Solomon et al., 1989" �; Chow et al., 1994b� XE "Chow et al., 1994d" �) applies the following steps:  1) multiply average organic carbon concentrations by 1.4 to account for unmeasured hydrogen and oxygen in organic material;  2) sum the aluminum, silicon, calcium, and iron oxides (i.e., [1.89 ´ aluminum] + [2.14 ´ silicon] + [1.4 ´ calcium] + [1.43 ´ iron]) to estimate the crustal or geological material;  3) sum the soluble sodium and chloride to account for sea salt; and  4) add the concentrations of other species listed in Table 5-2, without double-counting chloride, total sodium, soluble potassium, and total sulfur.





The unexplained portion is less than 10% of PM10 mass concentration for over 80% of the samples.  The worst case is shown on 08/23/93 where the unexplained mass reached 25%.  Geological material was the most abundant source with distinct day-to-day variations over the annual sampling period.  Figures 5-4a and 5-4b show that geological material ranged from 5% on 01/07/93 to 85% on 09/27/92 at the Calexico site, and from 9% on 01/07/93 to 78% on 05/25/93 at the Mexicali site.  Twenty-four-hour PM10 concentrations on 01/07/93 were in the lower 10th percentile over the annual study period, measuring 27.5 ( 1.5 (g/m3 at the Calexico site and 37.9 ( 2.0 (g/m3 at the Mexicali site. Meteorological data from the CIMIS station at the Meloland site (town of El Centro) showed a total of 32 mm precipitation between midnight and 0900 PST on 01/07/93 (meteorological data was not available at the Calexico and Mexicali sites on this day).  It is evident that local meteorology plays an important role in the abundance of geological material.





Carbonaceous aerosol was the second most abundant source, accounting for 8% to 53% of the PM10 mass.  Figures 5-5a and 5-5b show that day-to-day variations in carbonaceous aerosols were not as pronounced as the crustal material, and typically in the range of 20% to 30% for organics and 3% to 6% for elemental carbon.  Secondary aerosols such as sulfate, nitrate, and ammonium were generally low, with concentrations in the range of 2% to 4% of the PM10 mass.  On approximately 10% of the sampling days, secondary components exceeded 20% of the PM10 mass and elevated secondary aerosol levels were present, with both phenomena usually occurring at both base sites on the same day.  This suggests a valley-wide phenomenon.  Sea salt and trace species were generally low, with a record high on 12/02/92 — the maximum PM10 day during the study period.





Average PM10 material balance for the pilot and annual periods are presented in Figure 5-6.  With respect to the annual average, Figure 5-6 shows that PM10 levels of geological material were 62% at the Calexico site and 56% at the Mexicali site.  Total carbon (i.e., organic carbon plus elemental carbon) aerosol constituted over 25% of the PM10 mass at the two sites.  Levels of sulfate, nitrate, ammonium, trace species, and sea salt were small (ranged from 1% to 4%), and were more uniform across the study region.  Similar levels were found during the pilot period for most source categories.





5.4.2	Material Balance of PM10 Chemical Compositions During the Mini-Intensive and the Summer, Winter, and Spring Intensive Periods





Diurnal variations of material balance of each sampling interval are illustrated in Figures 5-7 through 5-9 for the summer, winter, and spring intensive periods, respectively.  This approach tends to overestimate the PM10 mass by 5% to 10% at the Calexico site and 10% to 20% at the Mexicali site.  The largest diurnal variations were found to be related to geological material.  Maximum concentrations of geological material were found during the nighttime for over 50% of the intensive sampling days and during the morning for over 35% of the intensive sampling days. Levels of geological material varied by a factor of 2 to 20 among the four sampling intervals within a day.  No apparent build-up or carry-over from one sampling interval to the next, or from one sampling day to the next was discovered, with similar patterns at the two base sites.  With respect to the relative abundance, approximately 40% of the maximum geological material abundance occurred during the afternoon, and approximately 25% occurred during the nighttime.





Abundances of organics were pronounced during the daytime (i.e., morning and afternoon period) for the summer and spring intensive periods, and during the nighttime or early morning for the winter intensive period.  Elemental carbon did not exhibit diurnal variations during the summer or spring intensive period.  However, elevated elemental carbon concentrations were found during nighttime on over 50% of the winter intensive period, with distinct accumulation and/or carry-over to the next morning’s sampling interval.  Similar trends were found for sulfate, nitrate, and ammonium.  Local source emissions coupled with lower wind speed and less mixing during wintertime may have resulted in the elevated PM10 concentrations at night.





Figures 5-7 and 5-9 show that elevated (> 1 (g/m3) PM10 Na+ and Cl- concentrations occurred concurrently at the two base sites on three occasions during the summer and spring intensive periods.  They are:  1) from the afternoon of 08/21/92 to the morning of 08/22/92,  2) from the nighttime of 08/24/92 to the early morning of 08/26/92, and  3) from the afternoon of 05/15/93 to the morning of 05/18/93.  These elevated PM10 Na+ and Cl- levels were generally accompanied with lower than average (< 50 (g/m3) PM10 mass concentrations.  It is speculated that marine aerosol intrusion occurred during these periods and accumulations of secondary pollutants, such as sulfate, nitrate, ammonium, and organics were minimal during the sea breeze periods.





Figure 5-10 compares the average material balance of each sampling interval for each of the intensive sampling periods. Levels of geological material, organics, and elemental carbon almost always peaked during nighttime for the summer and winter intensive periods and during morning for the spring intensive period at the two base sites.  Sulfate, nitrate, ammonium, trace species, and sea salt levels were generally low at any given sampling interval without distinct diurnal patterns.





Daily material balance during the winter period is illustrated in Figure 5-11.  As expected, similar patterns were found between the winter intensive and mini-intensive periods.  There is an apparent pollution build-up between 12/14/92 and 12/17/92, with increasing levels of geological material, organics, and elemental carbon.





5.5	Spatial Distributions of Major PM10 Chemical Components





This section examines changes in PM10 mass and chemical concentrations over small geographical areas and estimates the zone of influence of the pollution sources with data acquired at the satellite locations during the summer, winter, and spring intensive periods.





Figure 2-1 displays the sampling locations for the two base and thirty satellite sites.  The saturation monitoring network was designed to:





Examine the east-west concentrations gradient along the 20 km stretch of the U.S./Mexico international border, approximately 200 km east of the Pacific coast on the California border;





Identify potential pollution transport in the north/south or northwest/southeast axes, following the prevailing wind direction; and 





Test zones of influence of specific fugitive dust emitters on PM10 loadings in adjacent geographical areas.





A group of time series plots was generated with sampling locations arranged, to the extent possible, in sequence from north to south or from east to west.  Each of these plots are further divided into “part a”, the U.S. sites, and “part b”, the Mexico sites.  A total of eight satellite sites were closely located along the U.S./Mexico border.  The Calexico airport (CLXD), west port of entry (WPED), east port of entry (EPED), and canal (CCAD) sites were directly north of the border in the U.S.; whereas the Estacion de Bomberos (EDBD), Museo (MUSD), Sierra and Reforma (SRED), and Central Videro (CTV) sites were directly south of the border in Mexico.  These eight border sites, along with the Border Patrol (CBPD), Encanto Drive (CEDD), Calexico Police and Fire Station (CPFD), and Calexico (CALD) sites in the U.S. and Rio Presidio and Cualitemoc (RPCD) sites in Mexico, were all within a geographical area of 20 km (west-east) by 4 km (north-south) bounded by U.S. Highway 98 on the north.  This 20 km by 4 km area will be termed as the “U.S./Mexico transitional zone” in the following section.





The material balance in Section 5.4 shows that crustal material, motor vehicle exhaust, carbonaceous material, marine aerosol or alkaline playa flat, and secondary aerosol were the potential source types in the study area.  Since ions and carbon were not acquired in the saturation monitoring network, the following section examines the spatial distributions of a few key chemical components to represent these potential source types:





PM10 silicon (Si) concentrations for crustal material,





PM10 lead (Pb) concentrations for motor vehicle exhaust,





PM10 light absorption (babs) concentrations for light absorbing properties of the carbonaceous material,





PM10 chlorine (Cl) concentrations for vegetative burning, marine aerosol, and/or playa flat,





PM10 sodium (Na) concentrations for marine aerosol, and/or playa flat, and





PM10 sulfur (S) concentrations for secondary sulfate.





5.5.1	Spatial Distributions of PM10 Mass and Silicon Concentrations





Figures 5-12a and 5-12b present time series plots of PM10 mass and silicon concentrations during the summer, winter, and spring intensive periods.  PM10 mass and silicon concentrations were lower during summer and spring when compared with concentrations observed during winter.  In these figures, the scale on the right side of each panel denotes the PM10 silicon concentrations, which was set to be one-fifth of the PM10 concentrations on the left side of each panel.  Excellent agreement was found between the bar chart (i.e., PM10 mass) and line graph (i.e., PM10 silicon) on these figures, indicating that silicon concentration constituted approximately 20% of the PM10 mass.  PM10 mass concentrations were generally low (< 70 (g/m3) at the site north of the U.S./Mexico transitional zone for Niland (NILD), Brawley (BRAD), Holtville (HTRD), El Centro Residential (ECRD), El Centro (ELCD), and El Centro South (ECSD) sites.  These concentrations exceeded 140 (g/m3 at all the remaining U.S. sites, except for the Encanato Drive (CEDD) site.  Samples were not acquired at the Encanato Drive site until the spring intensive period.





Twenty-four-hour PM10 mass concentrations exceeded 150 (g/m3 five times at the west port of entry (WPED) and once at the east port of entry (EPED) and Canal (CCAP) sites.  Elevated PM10 concentrations were apparent at the sites in the U.S. transitional zone.  The peaks and valleys were highly correlated and followed a similar trend for PM10 mass and silicon concentrations among these sites.  Figures 5-12a and 5-12b show that the north/south concentration variations were more distinguishable than the east/west concentration gradients.  In fact, sampling sites inside of the U.S. transitional zone exhibited very similar concentration patterns for the three intensive periods.  Within 15 km to the north of the U.S./Mexico transitional zone, PM10 mass and silicon concentrations decreased by 40% to 50% at the sites in the towns of El Centro (i.e., ECRD, ELCD, ESCD) and Holtville (HTRD), and further decreased to the northernmost sites of Brawley (BRAD) and Niland (NILD).





PM10 concentrations were approximately a factor of two higher at the Mexico sites as compared to the U.S. sites.  (Note that scales were doubled at the Mexico sites for comparison).  Twenty-four-hour PM10 mass concentrations exceeded 150 (g/m3 at all but the Museo (MUSD) and Universidad (UNVD) sites.  Concentration patterns at the Mexico sites were similar to, but not as uniform as those in the U.S. sites.  PM10 mass concentrations were highest at the Calzada de las Naciones (CSLD) and Primaria (PRID) sites.





Among the entire saturation monitoring network, a maximum 24-hour PM10 concentration of 431.2 ( 21.8 µg/m3 was found at the Primaria (PRID) site on 12/17/92.  This site was located in an unpaved public school yard and surrounded with unpaved roads or paved roads with unpaved shoulders in a commercial/residential area.  Road grading and paving activities were taking place within 5 m of the PM10 sampler during the winter intensive period, and paving adjacent to the Primaria (PRID) site was completed after the winter intensive period.  Figure 5-12b shows that 24-hour PM10 mass concentrations exceeded 150 (g/m3 four out of six times during the summer intensive period, and seven out of ten times during the winter intensive period.  After the road construction, PM10 levels were reduced significantly and no PM10 standard exceedance was reported.  This example demonstrates the effects of local events on ambient PM10 loadings.  It also shows that paving the unpaved roads could be an effective measure to control fugitive dust.





On 12/17/92, elevated (> 120 µg/m3 ) PM10 mass concentrations were found at almost every site from the U.S./Mexico transitional zone to the southeast corner of the Quipac (QPCD) site.  Apparent pollution build-up was found at most of these sites between 12/14/92 and 12/17/92.  A similar observation is made in Section 5.4 regarding the two base sites.  The synaptic-scale and surface weather map will be examined in Section 8 to relate ambient concentrations to emissions and meteorology.





5.5.2	Spatial Distributions of PM10 Lead Concentrations





As discussed in Section 3, elevated lead (Pb) concentrations were found in most of the motor vehicle exhaust emissions, especially those profiles acquired in the Mexicali.  Since leaded gasoline is no longer available in the U.S. and no other lead sources exist in the Imperial Valley, it is theorized that any elevated lead concentrations observed in the Imperial Valley could be evidence of pollution transport across the U.S./Mexico border.





Distributions of PM10 lead concentrations are displayed in Figures 5-13a and 5-13b. Patterns found for PM10 lead (Pb) concentrations are analogous to those for PM10 mass and silicon.  It is speculated that unpaved and paved road dust resuspended from vehicular traffic were intercorrelated with the emissions from motor vehicle exhaust.





Maximum PM10 lead concentrations were less than 0.04 (g/m3 at the sites north of the U.S. transitional zone, increasing to over 0.10 (g/m3 at the U.S. border sites, and reaching 0.19 ( 0.0114 (g/m3 at the west port of entry (WPED) site on 12/17/92.  This maximum PM10 lead concentration is a factor of ten higher than the annual average of 0.019 ( 0.013 (g/m3 at the Calexico site.  Figure 5-12a shows that elevated PM10 lead concentrations occurred most frequently during the winter intensive period at the sites within the U.S. transitional zone.  PM10 Pb concentrations decreased by a factor of two to ten when measured up to 12 km north toward the towns of El Centro (i.e., ECRD, ELCD, ECSD) and Holtville (HTRD).  Only trace quantities of lead were detected at the Brawley (BRAD) and Niland (NILD) sites.





Elevated (> 0.10 (g/m3) PM10 lead concentrations were found at all Mexico sites except for Progresso (PRGD), as shown in Figure 5-13b.  This site was located at the southwest corner of the study area in the small town of Progresso, off Highway 2, surrounded by agricultural fields.  The low lead concentrations at this site reflect the light traffic and lower population density in the area.





Maximum PM10 concentrations were found at the Calzada las Naciones (CSLD) site, measuring 0.39 ( 0.022 (g/m3 on 05/17/93.  Elevated (> 0.10 (g/m3) PM10 lead concentrations were found most frequently at the Rio Presidio and Lazaro (RPLD) site, which is a commercial/residential district with heavy traffic all day long.  The adjacent Mexicali (SEDD) site, approximately 2 km southwest, also frequently experienced elevated lead concentrations.  Peaks in lead concentrations were also detected at the near-border sites such as the Centro Viedeo (CTV), and Rio Presidio Cualitomec (RPCD), and Estacion de (EDBD) sites.  Distribution of elevated lead concentrations from the southeast part of Mexicali Valley to the U.S./Mexico transitional zone suggested a potential southeast to northwest transport pattern in the study region, and this phenomenon was pronounced during the winter period.





5.5.3	Spatial Distributions of PM10 Light Absorption





Past studies (e.g., Watson et al., 1988b; 1991a� XE "Watson et al., 1988\; 1991" �) demonstrated that light absorption (babs) measurements were highly correlated with collocated elemental carbon (EC) concentrations.  Figures 4-8a and 4-8b confirm the relationships between babs and EC with a correlation coefficient of 0.86.  Since PM10 EC data was not acquired in the saturation monitoring network, babs values were used as a surrogate of EC, representing light-absorbing properties of the atmosphere in the study area.





Table 5-4 shows an annual average PM10 babs value of 40.1 ( 29.6 Mm-1 at the Calexico site and 78.3 ( 72.8 Mm-1 at the Mexicali site on 11/26/92 and the concurrent babs measurement at the Calexico site on the same day was only 11.1 ( 31 Mm-1.  These data indicate that elevated babs concentrations could be of local origin.





The distribution of PM10 babs concentrations is illustrated in Figures 5-14a and 5-14b.  Analogous to those of PM10 mass, silicon, and lead, a substantial increase in babs concentrations from north to south was found during the winter period.  The maximum 24-hour babs was less than 50 Mm-1 at the northernmost Niland (NILD) and Brawley (BRAD) sites, and in general, less than 100 Mm-1 at the El Centro (i.e., ECRD, ELCD, ECSD) and Holtville (HTRD) sites during the winter period.  These babs values were more than doubled at the sites in the U.S. transitional zone.





Similar to PM10 lead distributions, elevated (> 100 Mm-1) PM10 babs concentrations were found at all Mexico sites with a 30% to 50% lower value observed at the Progresso (PRGD) site.  This phenomenon was pronounced during the pollution build-up period between 12/14/92 and 12/17/92.  Record high region-wide babs measurements were found on 12/17/92, with babs measurements exceeding 150 Mm-1 at all the sites south of the northern boundary of the U.S./Mexico transitional zone, except at the Water Treatment Plant (WTPD), Quipac (QPCD), and Quimical (QMLD) sites — three eastern and southeastern sites.





These increasing north/south concentration gradients were not discovered during the summer and spring intensive periods, however.  PM10 babs concentrations were generally less than 50 Mm-1 during these periods with sporadic peaks occurring in the Mexicali Valley.





During the spring, PM10 babs concentrations at the Rio Presidio and Lazaro (RPLD) site were approximately a factor of two to three times higher than at the other sites.  This is also the site with the most frequently detected elevated (> 0.10 (g/m3) PM10 lead concentrations.





It is apparent that most of the light-absorbing particles were emissions from motor vehicles.  Coupled with agricultural field burns, these emissions were accumulated within, as well as south of, the U.S./Mexico transitional zone during the winter, and more evenly dispersed in the study area during the other seasons.





5.5.4	Spatial Distributions of PM10 Chlorine Concentrations





Elevated (e.g., 2 to 10 (g/m3) PM10 chlorine concentrations were detected on approximately 10% of the intensive days during the study.  Figures 5-15a and 5-15b showed that chlorine concentrations exhibited one of the following three phenomena:  1) increasing concentrations from north to south between the Niland (NILD) and the El Centro South (ECSD) sites (e.g., on 05/14/93),  2) homogeneous concentrations distributed within the U.S./Mexico transitional zone (e.g., on 12/17/92), or  3) homogeneous concentrations distributed across the Imperial/Mexicali Valley (e.g., on 05/16/93).  It is speculated that a combination of pollution transport (e.g., sea salt, playa dust) and local activities (e.g., field burning, motor vehicle exhaust) resulted in variations in PM10 chlorine distributions during the three intensive periods.





5.5.5	Spatial Distribution of PM10 Sodium Concentrations





Elevated (> 1 (g/m3 ) PM10 sodium concentrations were detected along with elevated PM10 chlorine concentrations.  This phenomenon is only significant during the summer and spring intensive periods.  Figures 5-16a and 5-16b illustrate the time series distributions of the sodium concentrations.  As discussed in Section 4.5.3, PM10 total sodium concentrations reported in this study are deceptively low (i.e., approximately a factor of three lower than the actual values) due to the lack of particle corrections in the XRF analysis.  Nevertheless, the patterns of these concentrations accurately represent the spatial distribution of marine aerosol within the study area.





Figures 5-16a and 5-16b show that PM10 sodium concentrations were homogeneously distributed in the study area on days with low (< 0.5 (g/m3 ) sodium concentrations.  Elevated (> 1  (g/m3 ) sodium concentrations were observed on 08/21/92 at all but the Niland (NILD) site.  The increasing sodium concentrations from north to south with the elevated concentrations south of the U.S./Mexico transitional zone suggested a potential transport from the Gulf of California.  Similar characteristics were found on 05/16/93 with elevated sodium concentrations across the Imperial/Mexicali Valley.





5.5.6	Spatial Distributions of PM10 Sulfur Concentrations





Previous sections examined the material balance of PM10 chemical components and reported a less noticeable variation in secondary aerosol concentrations (i.e., SO4=, NO3-, NH4+) between the two sites.  PM10 total sulfur concentrations are diagrammed in Figures 5-17a and 5-17b to represent the homogeneity of secondary aerosol distribution in the study area.  These figures showed that PM10 sulfur concentrations were generally low (less than 3 (g/m3 during the three intensive periods).  Peaks and valleys of daily concentrations were less pronounced than those found for PM10 mass, silicon, lead or babs.  PM10 sulfur concentrations were mostly evenly distributed across the Imperial/Mexicali Valley within one standard deviation of each measurement.





Maximum PM10 sulfur concentrations were 2.7 ( 0.14 (g/m3 at the Calexico site on 12/11/92 and 2.5 ( 0.13 (g/m3 at the Mexicali site on 05/14/93.  Elevated PM10 sulfur concentrations were apparent on 12/11/92 with a slight increase from the Niland (NIL) to El Centro South (ECS) sites, which are north of the U.S./Mexico transitional zone.  PM10 sulfur concentrations were leveled out at the sites near the U.S./Mexico border.  Analogous patterns were also found on samples acquired on 12/17/92.





In the Mexicali Valley, PM10 sulfur concentrations were above 2.0 (g/m3 on 12/11/92 at all sites except Estacion de Bomberos (EDBD), Museo (MUSD), Universidad (UNVD), and Progresso (PRGD).  During the spring intensive period, homogeneous distribution of PM10 sulfur concentrations within the entire saturation monitoring network was evident, with concentrations typically around 1.0 ( 0.5 (g/m3.





These PM10 sulfur concentrations confirm the findings (based on measurements from the two base sites during the entire study period) that secondary aerosols such as sulfate are more homogeneously distributed within the geographical region and that these concentrations are less likely to be influenced by localized anthropogenic activities.
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