7.0	principal component analysis and Chemical Mass Balance Receptor Modeling





This section extends the source apportionment techniques by performing two additional receptor modeling exercises:  1) Principal Component Analysis (PCA), and 2) Chemical Mass Balance (CMB).  The PCA modeling was conducted:  1) to identify the number and type of sources, and 2) to determine the chemical species associated with those sources.  PCA is not used to calculate source compositions or source contributions.  The CMB modeling are performed to quantitatively attribute ambient concentrations to source types.





7.1	Principal Component Analysis





Principal component analysis (PCA) is a multivariate statistical technique that distinguishes the source attribution of the data set with a few source factors or components.  In PCA, the dimensionality of a data set of interrelated variables is reduced such that a minimum number of factors can explain the maximum variance of the interrelated data (Henry, 1991� XE "Henry, 1991" �).  These factors or principal components are linear combinations of the original variables (e.g., species concentrations) constrained to be uncorrelated with each other (Saucy et al., 1991� XE "Saucy et al., 1991" �).





The principal components are extracted so that the first component explains as much of the total variance in the data set as possible.  The second principal component accounts for the maximum amount of the remaining variance in the data set which was not already accounted for in the first principal component.  This practice is continued until a negligible variance remains in the data set.  Therefore, PCA attempts to discern quantitative associations among different variables.  These temporal or spatial associations are derived from the basic understanding of the physical system that the data set represents.  For example, Saucy et al. (1991) used PCA to discriminate among different source groups and extract temporal patterns.





A large data set is required in PCA modeling to represent aerosol composition over time.  Chow (1985)� XE "Chow (1985)" � discussed in detail the assumptions which are made when PCA is applied to the identification of aerosol sources.  In this study, PCA is applied to the SFS and portable sampler data sets acquired at the Calexico and Mexicali sites.  To use PCA, the data sets were separated by site into matrices of species concentration and sampling date.  In addition, the data sets were reduced to include only those chemical species that consistently measured above their lower quantifiable limits (see Table 4-8).  As a result, PM10 mass, babs, OC, EC, Na, Mg, Al, Si, S, Cl, K, Ca, Ti, Mn, Fe, Cu, Zn, Br, Rb, Sr, Ba, and Pb were retained for PCA analysis from the SFS sample data set, whereas PM10 mass, babs, Na, Mg, Al, Si, S, Cl, K, Ca, Ti, Mn, Fe, Cu, Zn, Br, Rb, Sr, Ba, and Pb were retained for PCA analysis from the portable sample data set.  To prevent the loss of too many data points during the listwise deletion process in the computer program, missing values were replaced with the lower quantifiable limits.





The aerosol data set for the SFS data at the Calexico site was first analyzed using PCA, arbitrarily setting the number of factors to seven.  The model output revealed that, for the 23 variables considered, only four factors could reasonably explain the total variance in the data set.  Preisendorfer (1988)� XE "Preisendorfer (1988)" � suggested an examination of the changes in the eigenvalues could be used to determine the number of significant factors.  Figure 7-1 displays a plot of the eigenvalues versus factor number for the Calexico SFS data and shows a rapid decline and leveling off of the eigenvalues at a factor number of four.  According to Henry (1991)� XE "Henry (1991)" �, eigenvectors with eigenvalues greater than unity possess more signal than noise and can be considered to be indicative of significant factors, whereas eigenvectors with values less than 0.5 indicate more than twice as much noise than signal and should be eliminated (Henry, 1991).  Figure 7-1 shows that the eigenvalue is 0.76 for the fourth principal component and 0.60 for the fifth principal component.  These data suggest that this system is best described by four principal components.





Table 7-1 reports factor loadings of the different chemical species for each of the principal components. Factor loadings imply the relationship between the original variables and the principal components.  Mathematically, these factor loadings are the covariances between the original variables and the principal components.  The magnitude of the factor loadings indicates the strength of the correlation between the variables and principal components.  





Table 7-1 shows high factor loadings (>0.50) for most of the variables (except Na) in principal component one, indicating that most measured species are positively correlated and change in the same pattern through time.  





The high factor loadings for most of the species in the first principal component make it difficult to determine the roles of different source types in the data set.  Using a transformation procedure called the varimax rotation (which maximizes the correlations between the principal components and the original variables for a small number of variables and forces the remainder close to zero), a clearer pattern may be discerned indicating which variables are more closely correlated.  The varimax rotation transformation of the original principal components is orthogonal so the new principal components remain uncorrelated and the correlation between the principal components and the variables retains its significance (Saucy et al., 1991).





Table 7-2 shows the varimax rotated factor loadings with four principal components for the Calexico SFS data.  The first principal component (which explains 46.4% of the total variance) is dominated by species that are geological or crustal in origin (e.g., PM10 mass, OC, Mg, Si, K, Ca, Ti, Mn, Fe, Cu, Zn, Rb, and Sr), suggesting a fugitive dust source.  The second principal component (which explains 34.7% of the total variance) shows high correlations between species that are indicative of combustion sources such as motor vehicle exhaust and vegetative burning (e.g., PM10 mass, babs, OC, EC, Cl, K, Pb, and Br) (Hopke et al., 1976� XE "Hopke et al., 1976" �).  Principal components three and four show singularly high values of sodium and sulfur, and account for 5% and 4% of the total variance, respectively.  These values show the influence of marine aerosol sources advecting into the study area from the Salton Sea and Gulf of California and the formation of secondary sulfate within the study region.





Table 7-3 shows the varimax rotated factor loadings with four principal components for the Mexicali SFS data, which follow a similar pattern to the Calexico SFS data.  The first principal component shows that the species of crustal origin are highly correlated, with factor loadings greater than 0.6 and constitute 46.7% of the total explained variance.  The second principal component is dominated by combustion sources, and the marine aerosol is found again in the third principal component.  The sulfur component is not clearly isolated, suggesting secondary sulfate may not be a significant source of PM10 mass in the Mexicali airshed.





PCA modeling was also performed on the PM10 data collected with portable samplers at the two base sites.  It should be noted that no carbon measurements were taken with the portable samplers and light absorption (babs) values were used as an indicator of combustion sources.  Tables 7-4 and 7-5 show that geological source materials account for 57% to 67% of the variance in the first principal component, with factor loadings exceeding 0.90 on Al, Si, Ca, Ti, Fe, Rb, and Sr.





The second principal component shows high factor loadings of Ba at the Calexico site, and high to moderate factor loadings of babs, Cl, and Br at the Mexicali site.  This implies the association with vegetative burning and motor vehicle exhaust.  Principal components three and four were clearly the indicator of marine aerosol and secondary sulfate, respectively.





The PCA analysis of the aerosol concentration data sets obtained at the two base sites using SFS and portable PM10 samplers indicated that the sources of PM10 and their chemical composition could be attributed to two major sources:  1) geological material, and  2) combustion-related sources attributable to motor vehicles and vegetative burning.  Some tertiary species are evident; specifically sodium, which most likely represents marine aerosol, and sulfur, which indicates the presence of secondary sulfate within the study region.





7.2	Chemical Mass Balance Receptor Modeling





The CMB model consists of a least-squares solution to a set of linear equations which expresses each receptor concentration of a chemical species as a linear sum of products of source profile species and source contributions.  The source profile species (the fractional amount of the species in the emissions from each source type) and the receptor concentrations, each with realistic uncertainty estimates, serve as input data to the CMB model.  The output consists of the contributions for each source type to the total ambient aerosol mass as well as to individual chemical species concentrations. The model calculates values for contributions from each source and the uncertainties of those values.  Input data uncertainties are used both to weight the relative importance of the input data to the model solution and to estimate uncertainties of the source contributions.	





Current CMB software �PRIVATE ��(Watson et al., 1990a; 1990b� XE "Watson et al., 1990b\; 1990c" �) applies the effective variance solution developed and tested by �PRIVATE ��Watson et al. (1984)� XE "Watson et al. (1984)" � because:  1) it calculates realistic uncertainties of source contributions from both the source and receptor uncertainties; and  2) chemical species measured more precisely in both source and receptor samples are given greater influence in the solution than are less precisely-measured species.





Watson (1979)� XE "Watson (1979)" � observed that individual sources with similar source profiles, such as different soils and road dusts, would yield unreliable source contribution estimates if used in the same CMB.  Henry (1982; 1992)� XE "Henry (1982\; 1992)" � proposed a quantitative method of identifying this interference among similar source compositions, which is known as “collinearity.”  Henry's “singular value decomposition” defines an “estimable space in which resolvable sources should lie” (Henry, 1982; 1992� XE "Henry, 1982\; 1992" �).  The source types which do not fall into this estimable space are collinear, or too similar to be resolved from a combination of one or more of the source types which lie within the estimable space.  Henry (1982; 1992)� XE "Henry (1982, 1992)" � further proposed that linear combinations of source contributions resulting from collinear source compositions would be more representative of the summed contributions of these sources.  Analytical measures of collinearity are available in the U.S. EPA/DRI Version 7.0 of the CMB model �PRIVATE ��(Watson et al., 1990b� XE "Watson et al., 1990b" �).





7.2.1	CMB Model Application and Validation





The CMB modeling procedure requires:  1) identification of the contributing source types; 2) selection of chemical species to be included; 3) estimation of the fractions of each chemical species contained in each source type (i.e., the source profiles); 4) estimation of the uncertainties of both ambient concentrations and source compositions; and 5) solution of the CMB equations.





These procedures are described in an applications and validation protocol �PRIVATE ��(Watson et al., 1991b� XE "Watson et al., 1991b" �) which has been assembled for PM10 source assessment.  The protocol provides a regimen which makes the results from this source apportionment study comparable to those from other PM10 non-attainment areas.





The CMB applications and validation protocol consists of seven steps:  1) determination of model applicability;  2) estimation of initial source contribution;  3) examination of model outputs and performance measures;  4) identification of deviations from model assumptions;  5) identification and correction of model input errors;  6) verification of the consistency and stability of source contribution estimates; and  7) evaluation of the results of the CMB analysis with respect to other source assessment methods.  The activities carried out for each of these steps are described in this section.





7.2.2	CMB Model Applicability





The requirements for CMB model applicability are as follows:  1) a sufficient number of receptor samples are taken with an accepted method to evaluate compliance with standards;  2) samples are analyzed for chemical species which are also present in source emissions;  3) potential source contributors have been identified and chemically characterized; and  4) the number of non-collinear source types is less than the number of measured species.  All of these criteria have been met for the present study.  Samples were taken through well-characterized PM10 samples.  Samples from SFSs were subjected to analysis for mass, babs, elements, carbon, and ion concentrations, whereas samples from portable samplers were subjected to analysis for mass, babs, and elements.  All major source types in the study area have been identified in Section 3 and their emissions were sampled and chemically characterized.





The number of non-collinear source profiles is less than the number of measured species.  Examination of the chemical profiles shows significant differences among profiles for major source types such as primary geological material, primary motor vehicle exhaust, primary marine aerosol, and secondary sulfates and nitrates.  However, because of the similarity among the motor vehicle, agricultural burning, and restaurant emissions (charbroil cooking) profiles, it may be difficult in some cases to distinguish these emissions using CMB modeling when the source contributions are small relative to the uncertainties of the source profiles.





7.2.3	CMB Model Outputs and Performance Measures





Watson et al. (1991b)� XE “Watson et al. (1991)” � defined several performance measures which are examined with each CMB to eliminate source profile combinations from further consideration.  The most important of these are:  1) the source contributions estimates (SCEs) and their uncertainties;  2) “CHI SQUARE,” the weighted sum of the squares of the differences between calculated and measured species concentrations. Values between one and two indicate acceptable fits; values less than one indicate very good fits to the data;  3) “R SQUARE,” the fraction of the variance in the measured concentrations accounted for by the variance in the calculated species concentrations.  Values of “R SQUARE” greater than 0.9 indicate a good fit to the measured data; and  4) “PERCENT MASS,” or the percent of total mass accounted for by the source contribution estimates.  Values between 80% and 120% are considered to be acceptable.  





The CMB output also contains the ratios of calculated to measured concentration (C/M) and the ratio of the difference between calculated and measured concentration divided by the uncertainty of this difference (R/U) for each chemical species.  These indices allow the user to examine fits of individual species; for example, EC, OC, and Pb, which are important for distinguishing motor vehicle emissions from other combustion emissions, and soluble potassium (K+), which is a marker for vegetative burning emissions.  It is often found that the “C/M ratio” is significantly different from unity, but the “R/U ratio” is small (less than unity, for example).  Under these conditions, a bad fit for a particular species does not significantly affect the source contribution estimates.  Finally, collinearity or similarity between source profiles is indicated in the CMB output by the presence of two or more profiles in an “UNCERTAINTY/SIMILARITY CLUSTER.”  This condition may also result in part by small source contribution estimates with relatively large uncertainties.  





7.2.4	Initial Source Contribution Estimates





Initial tests with different combinations of source profiles were done to determine which profiles best explain the data at the Calexico and Mexicali sites.  Several test CMB runs were performed at each site for 24-hour samples collected on 12/02/92, a sampling day with the maximum PM10 mass concentrations at each site: 222.7 ( 11.2 (g/m3 at the Calexico site and 474.0 ( 23.7 mg/m3 at the Mexicali site.  CMB performance measurements were examined to determine how well the ambient concentrations were explained by the CMB source contribution estimates.  The results of these initial trials were used as guidance in CMB analysis of the entire sample set.





Primary geological material, primary marine aerosol, salt flats or alkaline dust, primary vegetative burning, and primary motor vehicle sources were expected to be important contributors at both sites.  This was suggested by the fact that high ambient concentrations of crustal species (e.g., Al, Si, Fe), marine and alkaline species (e.g., Na, Cl), as well as OC, EC, and Pb were observed.  PM10 OC concentrations were enriched relative to EC in many samples.  To account for this “excess” OC, either an agricultural burning profile, a taco restaurant profile, or a composite of the two was used.  Secondary ammonium nitrate and ammonium sulfate were used to explain nitrate, sulfate, and ammonium, which were unaccounted for by the primary emissions profiles.  Only chemical species whose concentrations were above the lower quantifiable limits (LQLs) were used in the CMB fit.  Also excluded from the CMB fit were elemental Na and Mg.  Although Na+ was used in place of elemental Na, Mg was below the LQLs in many of the source profiles.  PM10 SO4= was used in place of S, and Cl- was used in place of Cl, because the soluble fractions of these species are more typical of secondary sulfate and marine aerosol, or playa salt sources than the total elemental fractions.  





The test results of the source apportionments at each site are presented by a series of trials representing different combinations of source profiles in Tables 7-6a and 7-6b.  The “best fit” or “default fit” is presented first as a reference. The source contribution estimates (SCEs) and CMB performance measurements are shown for each trial.  The actual CMB outputs corresponding to the “best fit” cases in Tables 7-6a and 7-6b for the Calexico and Mexicali sites are presented in Tables 7-7a and 7-7b, respectively.





Tables 7-6a and 7-6b indicate that primary geological material was the largest contributor at each site, followed by primary motor vehicle exhaust and vegetative burning emissions on 12/02/92. At the Calexico site, the “best fit” was obtained using the Imperial County composite road dust profile (ICRDC) and the asparagus burning profile (ICABC2).  While the Imperial County composite motor vehicle profile (ICRSC) produced a “good fit,” the Mexicali motor vehicle profile (IMRSUC), acquired at the intersection of Urbano Vazqueze and Lopez (i.e., site “MV8” in Figure 3-2), gave better results because it accounted for more of the unusually high Pb concentration (0.127 ( 0.0007 mg/m3) in this sample.  In fact, meteorological data on 12/02/92 suggests that this sample was indeed impacted by cross-border transport.





PM10 Na+ and Cl- concentrations were both present on 12/02/92 in elevated concentrations (1.13 ( 0.07 and 6.5 ( 0.4 mg/m3, respectively).  Because the Cl/Na ratio is actually higher than those found in seawater, the “pure” unreacted marine profile, “MAR100,” was used to fit these species.  Secondary ammonium nitrate (profile AMNIT) was the fourth largest component of PM10, following the contributions from primary geological material (143.6 ( 11.1 mg/m3), primary agricultural burning (30.2 ( 12.2 mg/m3), and primary motor vehicle emissions (18.1 ( 8.1 mg/m3).





The asparagus burning profile (ICABC2) was needed to fit OC, whose abundance in this sample was 5.6 times greater than that of EC.  In contrast, the OC/EC ratio in the Mexicali “MV8” motor vehicle profile (IMRSUC) is only 3.2.  In the “best fit” case, the performance measurements, shown in Table 7-6a, are excellent with a “CHI SQUARE” of 0.95, a “R SQUARE” of 0.96, and a “PERCENT MASS” of 97%.





The initial fit in Table 7-6a (shown under the heading for Trial 1) was similar to the “best fit” solution except that an Imperial Valley motor vehicle profile “ICRSBC” (site “MV3” in Figure 3-2) was used. The major difference was a poorer fit for Pb. In Trial 2, the Imperial County bulk soil profile (ICBDC) was substituted for the Imperial County road dust profile (ICRDC).  This solution is unstable because the “UNCERTAINTY/SIMILARITY” cluster contains the three major source profiles:  bulk soil composite (ICBDC), asparagus field burn (ICABC2), and motor vehicle exhaust (ICRSBC).





This is also the case for Trial 3, where the bulk salt flats profile (ICBD27) was used.  The “CHI SQUARE” was extremely high (19.6) and the “PERCENT MASS” was low (71.3% in this case).  The substitution of the Mexicali composite road dust profile (IMRDC2) for the “best fit” Imperial County road dust profile (ICRDC), had virtually no effect on the solution (Trial 4).  This was also the case for Trial 5, where the Imperial County composite motor vehicle profile (ICRSC) was used, although less of the lead was accounted for in this case.





Substitution of the Imperial County motor vehicle profile with profile “ICRSHC” (site “MV2” in Figure 3-2) in Trial 6 resulted in an “UNCERTAINTY/SIMILARITY” cluster containing road dust (ICRDC), motor vehicle exhaust (ICRSHC), asparagus burning (ICABC2), and ammonium nitrate (AMNIT) profiles.  Similar results and higher “CHI SQUARE’s” (2.21 and 2.64, respectively) were obtained by substituting the motor vehicle profiles with the profiles “ICRSIC3” and “ICRSIC2” (site “MV1” in Figures 3-2) in Trials 7 and 8, respectively.  





The Trial 1 combination was modified in Trial 9 by substituting the Bakersfield residential wood combustion (i.e., fireplace) profile (BAMAJC) for the asparagus burning profile (ICABC2).  The solution is degraded, with a higher (3.54) “CHI SQUARE,” lower (0.88) “R SQUARE,” and a cluster containing motor vehicle exhaust (ICRSBC) and residential wood combustion (BAMAJC).  Substituting the taco restaurant charbroil cooking profile (IMTSAC, Asadero El Nerivl Ciclon taco restaurant) for the asparagus burning profile (ICABC2) produced a similar result, with a cluster formed by road dust (ICRDC), motor vehicle exhaust (ICRSBS), and charbroil cooking (IMTSAC) profiles in Trial 10.  





A composite profile (AB75TA25) constructed by combining 75% of asparagus burning (ICABC2) and 25% of charbroil cooking (IMTSCA) is tested in Trial 11.  The results in this trial are similar to those obtained in Trial 1.  The manure-fueled power plant profile (ICPPMC) was added to the Trial 1 combination in Trial 12.  The source contribution estimates from the manure-fueled power plant (ICPDMC) were not significant (0.26±1.12 (g/m3) and a cluster was formed containing the secondary ammonium sulfate (AMSUL), secondary ammonium nitrate (AMNIT), and manure-fueled power plant (ICPPMC) profiles.  





Finally, Trial 13 added the glass plant profile (IMGPEC) to the Trial 1 combination.  Again, the source contribution estimates from the glass plant (IMGPEC) were not statistically significant (0.81 ± 0.62 (g/m3), and this profile formed a cluster with the secondary ammonium sulfate (AMSUL), secondary ammonium nitrate (AMNIT), and marine aerosol (MAR100) profiles.  The “best fit” source combination provided a robust source apportionment because similar solutions were obtained using different combinations of profiles.  The results shown in Table 7-6a for Trials 1, 4, 5, and 11 indicate similarly high performance indices and no “UNCERTAINTY/ SIMILARITY” clusters.





CMB results from a similar set of trials are given in Table 7-6b for the PM10 sample collected at the Mexicali site on 12/02/92.  The “best fit” solution was obtained using the Mexicali composite road dust (IMRDC2), Mexicali charbroil cooking (IMTSAC), and Mexicali motor vehicle exhaust profiles (IMRSUC).  For this sample, source contribution estimates were 276.7 ( 15.5 (g/m3 for primary geological material, 129.7 ( 39.3 (g/m3 for charbroil cooking, and 35.7 ( 15.5 (g/m3 for primary motor vehicle exhaust.  The performance measurements were good, with a “CHI SQUARE” of 1.25, a “R SQUARE” of 0.95, and a “PERCENT MASS” of 96.8%.





This sample was atypical not only because of its high PM10 concentration of 474.0 ( 23.7 mg/m3 but also because of its high OC concentration of 121.2 ( 10.9 (g/m3.  The OC/EC ratio in this sample was 12.8, a factor of two higher than the OC/EC ratio of 5.6 in the concurrent Calexico sample.  Comparison of the ratio (3.6) of the “charbroil cooking to motor vehicle source contributions estimates” at the Mexicali site (Table 7-6b) to the ratio (1.6) of the “asparagus burning to motor vehicle source contribution estimates” at the Calexico site (Table 7-6a) on 12/02/92 reveals consistency with their OC/EC ratios at the two sites.  





Table 7-7b shows that both Al and Si were overestimated by a factor of two in the “best fit” solution.  This is most likely due to unusually low Al and Si concentrations in the ambient sample and not to the high percentage of Al and Si composition in the Mexicali composite road dust source profiles.  These apparently low Al and Si ambient concentrations may be related to the possibility that the high dust loadings were accompanied by a shift to coarser (> PM10) particle sizes.  This in turn would have resulted in a low bias in the coarse-particle correction factor used in the XRF analysis for these species.  In any case, these low Al and Si concentrations do not significantly affect the solution, as seen by their “R/U ratios” (1.6 and 1.7, respectively) in Table 7-7b.





In Trial 1, the Imperial County composite road dust profile (ICRDC) was substituted for the Mexicali composite road dust profile (IMRDC2).  As shown in Table 7-6b, the solution in Trial 1 is quite similar to that of the “best fit,” considering the uncertainties of the source contribution estimates.  A Tucson paved road dust profile (TUPVRD) was used in Trial 2, which contained relatively less amounts of Al and Si than the Mexicali composite road dust profile.  While this road dust profile produced a fit equally as good as the default “best fit,” it is unrealistic to use the Tucson profile in Mexicali.  





In Trial 3, the Mexicali composite motor vehicle exhaust profile (IMRSC) was used in place of the local motor vehicle exhaust profile (IMRSUC, site “MV8” in Figure 3-2).  This resulted in a reversal in magnitude of the motor vehicle and charbroil cooking source contribution estimates (147.9 ( 29.4  (g/m3 and 52.4 ( 43.5 (g/m3, respectively).  This is due to collinearity between the motor vehicle exhaust (IMRSC) and charbroil cooking (IMTSAC) profiles, which is indicated by their presence in an “UNCERTAINTY/SIMILARITY” cluster.  Finally, the “C/M ratio” for EC in Trial 3 was 3.05, compared with 1.32 for the “best fit” solution, indicating that EC was grossly overestimated.  Substituting the motor vehicle profile (IMRSUC) with another local motor vehicle profile (IMRSIC, site “MV5” in Figure 3-2) in Trial 4 gave similar results, although no cluster was produced.  However, the reversal of the source contribution estimates between the motor vehicle exhaust and charbroil cooking, seen in both Trials 3 and 4, is due to collinearity between the respective two profiles.  





In Trial 5, the Phoenix motor vehicle profile (PHRD) was substituted for the Mexicali motor vehicle profile (IMRSUC).  This solution is similar to the “best fit” but is probably unrealistic for use in Mexicali.  Note the sharp decrease in ammonium nitrate (AMNIT) caused by the high nitrate content in the Phoenix motor vehicle profile (PHRD, 11.0%) versus Mexicali motor vehicle profile (IMRSUC, 5.0%).  In Trial 6, a Tucson motor vehicle profile (TUMV) was used.  The “CHI SQUARE” for this solution is higher (2.33), but this profile is not representative of this site.





In Trial 7, the asparagus burning profile (ICABC2) was substituted for the charbroil cooking profile (IMRSAC).  The source contribution estimates of 59.5 ( 26.2 (g/m3 in the asparagus burning (ICABC2) are much lower than the source contribution estimates in the “best fit” case (129.7 ( 39.2 (g/m3) with the charbroil cooking profile (IMTSAC).  This is also reflected in a lower “PERCENT MASS” of 85.2% for Trial 7 versus 96.8% in the “best fit” case.  The second charbroil cooking profile (IMTSCC) was substituted for the profile “IMTSAC” in Trial 8, and the results are similar to those found in the “best fit” case.  





In Trials 9 and 10, the composites of the asparagus burning (ICABC2) and charbroil cooking (IMTSAC) profiles (AB25TA75 and AB75TA25, respectively) were tested.  While the results of Trial 9 (profile AB25TA75, 25% asparagus burning and 75% charbroil cooking) are similar to those of the “best fit” case (10% charbroil cooking), the solution using the composite profile “AB75TA75” (representing 75% asparagus burning and 25% charbroil cooking in Trial 10) is similar to the degraded solution seen for 100% asparagus burning (ICABC2) in Trial 7.  





Substituting the Bakersfield fireplace profile (BAMAJC) for the charbroil cooking profile (IMTSAC) in Trial 11 reduced the “PERCENT MASS” from 96.8% to 80.5%.  Adding the manure-fueled power plant profile (ICPPMC) in Trial 12 to the “best fit” combination resulted in insignificant source contribution estimates (1.3 ± 2.2 mg/m3) for that source and a large “UNCERTAINTY/SIMILARITY” cluster containing road dust (IMRDC2), motor vehicle exhaust (IMRSUC), charbroil cooking (IMTSAC), manure-fueled power plant (ICPPMC), and ammonium nitrate (AMNIT) profiles.  Adding the glass plant profile (IMGPEC) in Trial 13 to the “best fit” combination simply resulted in insignificant source contribution estimates (1.0±2.3 mg/m3) for this source.





Therefore, the “best fit” solution shown in Table 7-6a is realistic, even though the nature of the vegetative burning emissions (e.g., agricultural field burning, backyard and trash burning, residential wood combustion, and restaurant open fire burning) may be more complex than simple charbroil cooking emissions.  There are many other forms of uncontrolled burning near the Mexicali site; including tire and refuse burning, for example.  It must be recognized, however, that the source contribution estimates calculated from either the charbroil cooking or asparagus burning source profile may represent more than any single source.





7.2.5	Deviations from Model Assumptions





One of the most important assumptions of the CMB model (Watson et al., 1984� XE “Watson et al., 1984” �) is that the source profiles are linearly independent (i.e., they are statistically different).  The degree to which this assumption can be met in practice depends to a large extent on the types and quality of chemical measurements made at the sources and receptor.  The CMB model has been subjected to a number of tests to determine its ability to tolerate deviations from the model assumptions (e.g., Watson, 1979� XE “Watson, 1979” �; Gordon et al., 1981� XE “Gordon et al., 1981” �; Henry, 1982, 1992� XE “Henry, 1982\; 1992” �; Currie et al., 1984� XE “Currie et al., 1984” �; Dzubay et al., 1984� XE “Dzubay et al., 1984” �; DeCesar et al., 1985� XE “DeCesar et al., 1985” �; Javitz et al., 1988� XE “Javitz et al., 1988” �; Lowenthal et al., 1992� XE “Lowenthal et al., 1992” �).  The impacts of collinearities among the source profiles vary from case to case.  These collinearities tend to inflate the variances of the source contribution estimates.  An example of the collinearity effect can be illustrated by the instability of the source contribution estimates between the motor vehicle and vegetative burning shown for the “best fit” case and Trials 3 and 4 in Table 7-6b.





7.3	Source Apportionment Results





CMB source apportionments were performed for each valid SFS and portable PM10 sample.  These included:  





Annual Period:  24-hour samples collected every sixth day from 09/03/92 to 08/29/93 at the Calexico and Mexicali sites.





Pilot Study Period:  24-hour samples collected every sixth day from 03/13/92 to 08/28/92 at the Calexico and Mexicali sites.





Intensive Period:  four 6-hour samples per day collected daily from 08/21/92 to 08/27/92, from 12/11/92 to 12/20/92, and from 05/13/93 to 05/19/93 at the Calexico and Mexicali sites.





Mini-intensive Period:  24-hour samples collected daily from 12/21/92 to 01/07/93 at the Calexico and Mexicali sites.





Intensive Period:  24-hour samples collected daily from 08/21/92 to 08/27/92, from 12/11/92 to 12/20/92, and from 05/13/93 to 05/19/93 at thirty satellite sites.





With the acquired source profiles, nearly 100 ( 5% of the SFS PM10 mass was accounted for, within measurement and modeling uncertainties, in almost every case.  “CHI SQUARE” values of less than 1.0 and “R SQUARE” values of 0.96 ( 0.03 were common.  The measured chemical concentrations compared very well with the calculated concentrations.  Most of the source apportionment experienced no collinearity, with a few exceptions.  In some cases, the composite profile of agricultural burning and charbroil cooking profiles was used since it was not possible to distinguish these source types with the available source profiles.





As discussed above, one of the difficulties in this CMB analysis was the estimation of motor vehicle and vegetative burning source contributions.  It was difficult to distinguish motor vehicle from vegetative burning emissions because both types of emissions were composed mainly of elemental and organic carbon (EC and OC).  The ability to make this distinction is based on higher ratios of EC/OC in the motor vehicle profiles (>0.3) than in the vegetative burning profiles (<0.08), along with an enrichment of soluble potassium (K+) in the vegetative burning profiles. In spite of these factors, the CMB analysis revealed significant collinearity between motor vehicle and vegetative burning profiles in many cases.





The approach to overcome this complexity was to accept both the motor vehicle and burning source contribution estimates as long as their associated uncertainties were less than the corresponding source contribution estimates.  Nevertheless, the propagated uncertainties of the source contribution estimates were generally low, indicating relatively stable model solutions.  The following subsections summarize the findings from these CMB results.





7.3.1	Source Contribution Estimates During Annual Period





The individual CMB calculations were averaged to obtain annual average source contributions as shown in Figure 7-2.  The results in Figure 7-2 indicated that the relative source mix at the two base sites was similar on average, even though the absolute PM10 mass concentrations and source contributions were approximately twice as high at the Mexicali site.  Primary geological material was the largest contributor, accounting for 72% (45.1 ( 4.5 (g/m3) and 74% (91.4 ( 7.2 (g/m3) of estimated PM10 mass at the Calexico and Mexicali sites, respectively.





Primary motor vehicle exhaust was the second largest contributor, accounting for 10% (9.9 ( 3.9 (g/m3) and 13% (16.7 ( 6.2 (g/m3) of PM10 mass at the Calexico and Mexicali sites, respectively.  Primary vegetative burning (combinations of agricultural field burning and charbroil cooking) was the third largest contributor, accounting for 4% (2.7 ( 3.2 (g/m3) of PM10 mass at the Calexico site and 8% (9.8 ( 9.9 (g/m3) of PM10 mass at the Mexicali site.  Although the percentages of the total PM10 mass were not high, annual source contributions for vegetative burning was twice as high at the Mexicali site.  This is consistent with the density of population, restaurant emissions, and miscellaneous field and trash burning in the Mexicali Valley.





Contributions from primary marine aerosol, secondary ammonium nitrate, and secondary ammonium sulfate were low, generally accounting for 2% to 3% of PM10 mass at the two base sites.  However, on average, significant fractions of nitrate were associated with primary motor vehicle and marine emissions (through acid-base replacement of sea salt chloride by nitrate).  These sources accounted for 49% and 39% of the nitrate at the Calexico and Mexicali sites, respectively.  Similarly, primary emissions sources from motor vehicles and the glass plant accounted for 41% and 63% of total sulfate at the Calexico and Mexicali sites, respectively.  It is possible that part of the secondary aerosols were present in the motor vehicle profiles, which were determined from ambient roadside samples. 





Figures 7-3a and 7-3b display the temporal variations of PM10 source contributions in a series of stacked bars for the annual period between 09/03/92 and 08/29/93 at the Calexico and Mexicali sites, respectively.  The individual source contribution estimates with their associated uncertainties were summarized in Tables C-1 and C-2 of Appendix C of this report for the Calexico and Mexicali sites, respectively.





The height of each stacked bar in Figures 7-3a and 7-3b represents the measured PM10 mass. The positive and negative intervals of unexplained mass at the Calexico and Mexicali sites implies that the CMB model under- and over-estimated the measured PM10 mass, respectively.  As shown in these figures, these unexplained portions are relatively small, generally within (15% of the PM10 mass.





No apparent seasonal trend is found on these figures, with somewhat elevated PM10 concentrations during the late summer and lasting through early winter at the two sites.  The most noticeable feature in Figures 7-3a and 7-3b is that primary geological material was consistently the largest single contributor to PM10 at both sites.  Day-to-day primary geological contributions varied by an order of magnitude, ranging from 1.54 ( 0.36 (g/m3 (6% of PM10 mass) on 01/07/95 (recorded with precipitation as discussed in Section 5.4) to 173.51 ( 8.68 (g/m3 (93% of the PM10 mass) on 08/23/93 (a windy day at the Calexico site, as will be discussed in Section 8).





Contributions from primary motor vehicle exhaust were also significant, typically at around 6 to 10 (g/m3 at the Calexico site and 10 to 20 (g/m3 at the Mexicali site.  The maximum motor vehicle source contribution was 24.9 ( 7.2 (g/m3 (26% of PM10 mass) on 01/01/93 at the Calexico site and 37.0 ( 16.7 (g/m3 (8% of PM10 mass) on 11/26/92 (Thanksgiving day) at the Mexicali site.  Each of these days occurred on the first day of a three- to four-day-long holiday weekend.  It is expected that local vehicular traffic levels were increased at this time.





Source contributions from primary vegetative burning (including agricultural field burning and charbroil cooking) were detected only 16% of the time at the two sites, with 40% to 60% of the cases occurring during wintertime.  Elevated vegetative burning source contributions occurred at the Calexico site on:  1) 01/01/93 with source contribution estimates of 31.9 ( 11.8 (g/m3 (33% of PM10 mass), and  2) 12/02/93 (the highest PM10 concentration day) with source contribution estimates of 30.2 ( 12.16 (g/m3 (14% of PM10 mass).  The two highest vegetative burning contribution days at the Mexicali site were:  1) 12/02/92 (the highest PM10 mass concentration day) with source contribution estimates of 129.7 ( 39.33 (g/m3 (27% of PM10 mass); and  2) 11/26/92 (the second highest PM10 mass concentration day) with source contribution estimates of 108.3 ( 32.9 (g/m3 (24% of PM10 mass).  As discussed earlier, field burn activities were recorded on the 12/02/92 field data sheet.  For the New Year (01/01/93) and Thanksgiving (11/26/92) weekends, it is suspected that a combination of residential wood combustion and restaurant cooking may have resulted in these elevated vegetative burning source contributions.  It is apparent that vegetative burning could be a significant contributor (>30% of PM10 mass) on a given day.





Primary marine aerosol contributions were generally low (approximately 1 to 2 (g/m3), but detected frequently.  This source contribution was found in over 90% of the cases at the Calexico site and in over 70% of the cases at the Mexicali site.  Maximum marine aerosol contributions were found on 08/23/93 (a transport day, as will be discussed in Section 8), with 9.8 ( 0.72 (g/m3 (5% of PM10 mass) at the Calexico site and 11.4 ( 1.12 (g/m3 (5% of PM10 mass) at the Mexicali site.





Secondary ammonium nitrate contributions ranked highest on 12/02/92, with 17.6 ± 1.9 µg/m3 (8% of PM10 mass) at the Calexico site and 10.3 ± 2.0 µg/m3 (2% of PM10 mass) at the Mexicali site.  Maximum ammonium sulfate contribution also occurred during wintertime, with 5.6 ± 0.6 µg/m3 (22% of PM10 mass) on 01/07/93 (reported precipitation, as discussed in Section 5) at the Calexico site.  The corresponding contribution at the Mexicali site was 8.1 ± 1.0 µg/m3 (25% of PM10 mass).  Maximum ammonium sulfate contribution at the Mexicali site was 8.9 ± 1.0 µg/m3 (21% of PM10 mass) on 01/13/93.  The corresponding value at the Calexico site was 3.8 ± 0.4 µg/m3 (20% of PM10 mass).  It is apparent that secondary aerosol contribution could account for over 20% of the PM10 mass on a given day.  Secondary ammonium sulfate contributions are pronounced during or after precipitation events when PM10 mass is relatively low.





Contributions from the manure-fueled power plant were not detectable at the two base sites.  Glass plant contributions were detected on two occasions at the Calexico site with less than 0.5 µg/m3 of source contribution estimates.  Glass plant contributions at the Mexicali site were detected on seven occasions, with maximum contributions of 4.4 ± 1.3 µg/m3 (2% of PM10 mass) on 08/23/93.





7.3.2	Source Contribution Estimates During Pilot Period





CMB modeling was also performed for samples acquired during the pilot study between 03/13/92 and 08/28/92.  The individual CMB source contribution estimates for these samples at the Calexico and Mexicali sites are presented in Tables C-3 and C-4, respectively, of Appendix C of this report.  Average source contribution estimates are shown in Figure 7�4.





While the pilot study was conducted only during the spring and summer of 1992, the absolute source contributions were approximately 40% lower than those of the annual period.  The relative distribution of average source contribution estimates is similar to those shown in Figure 7-2 for the annual period, however, average PM10 mass concentrations were approximately 50% to 60% higher at the Mexicali site (69.7 ± 59.4 (g/m3) than at the Calexico site (43.8 ± 16.0 (g/m3).  Primary geological material was the largest contributor, accounting for 67% (29.1 ± 2.8 (g/m3) and 76% (59.1 ± 3.7 (g/m3) of PM10 mass at the Calexico and Mexicali sites, respectively.  Primary motor vehicle exhaust was the second largest contributor, accounting for 14% of PM10 mass at the two base sites.





The source contribution estimate for primary vegetative burning at the Calexico site was 3.1 ± 1.2 (g/m3 (7% of PM10 mass), which is similar to the annual period of 2.7 ± 3.2 (g/m3 (4% of PM10 mass), although its relative contribution to PM10 is nearly double that of the annual period.  Contributions from vegetative burning at the Mexicali site were 3.6 ± 1.6 (g/m3, which is one-third of those obtained during the annual period (9.8 ± 9.9 (g/m3).  It is speculated that field burning takes place in the Imperial Valley all year round causing the vegetative burning source to dominate, whereas a combination of field burning and charbroil cooking impacted the Mexicali Valley.  These source impacts are more prominent during the fall and winter periods at the Mexicali site, when dispersion and transport are expected to be minimal.  Average secondary sulfate contributions were 2.5 ± 0.49 (g/m3 (6% of PM10 mass) at the Calexico site and 1.8 ± 0.7 (g/m3 (3% of PM10 mass) at the Mexicali site.  Source contributions from marine aerosol were similar, with 2.2 ± 0.4 (g/m3 (5% of PM10 mass) at the Calexico site and 2.1 ± 0.7 (g/m3 (3% of PM10 mass) at the Mexicali site.





Source contribution estimates for individual sampling days during the pilot study are shown as a series of stacked bars in Figures 7-5a and 7-5b for the Calexico and Mexicali sites, respectively.  The variations were larger at the Mexicali site, where concentrations in excess of 150 (g/m3 occurred on 04/24/92 (182.2 ± 15.5 (g/m3) and 06/17/92 (150.4 ± 10.5 (g/m3).  Geological source contributions dominated PM10 in these samples, with source contribution estimates of 85.8 ± 6.2 (g/m3 (81% of PM10 mass) on 03/19/92, 135 ± 7.9 (g/m3 (74% of PM10 mass) on 04/24/92 and 109.3 ± 4.8 (g/m3 (73% of PM10 mass) on 06/17/92.  Figure 7�5a shows that geological material was also the single largest contributor to PM10 mass at the Calexico site.  Individual source contribution estimates varied from 12.9 ± 2.1 (g/m3 (51% of PM10 mass) on 04/12/92 to 56.0 ± 4.1 (g/m3 (83% of PM10 mass) on 04/24/92.





Motor vehicle exhaust  was the second largest contributor, varying by a factor of seven to eight over the pilot study period.  Source contribution estimates for motor vehicle exhaust ranged from 3.8 ± 2.7 (g/m3 (2.4% of PM10 mass) on 07/29/92 to 31.8 ± 8.1 (g/m3 (12.6% of PM10 mass) on 05/12/92 at the Calexico site, and ranged from 3.5 ± 2.2 (g/m3 (3% of PM10 mass) on 06/05/92 to 22.1 ± 6.4 (g/m3 (22% of PM10 mass) on 08/10/92.





Primary vegetative burning was only detectable in 38% and 42% of the cases at the Calexico and Mexicali sites, respectively.  Source contribution estimates for vegetative burning were above 10 µg/m3 on 05/18/92 (12.4 ± 4.1 (g/m3), 06/05/92 (19.3 ± 5.2 (g/m3), and 07/29/92 (12.6 ± 4.0 (g/m3) at the Calexico site, and on 04/24/92 (18.7 ± 10.7 (g/m3), 06/05/92 (14.5 ± 5.0 (g/m3), 06/17/92 (24.7 ± 8.4 (g/m3), and 08/10/92 (13.5 ± 8.2 (g/m3) at the Mexicali site.  It is apparent that, except on 06/05/92, vegetative burning mostly impacts the area adjacent to each sampling site since the corresponding source contributions were not detected.





Source contributions from marine aerosol were highest on 07/23/92 with 8.1 ± 0.7 (g/m3 (12% of PM10 mass) at the Calexico site and 7.2 ± 1.2 (g/m3 (12% of the PM10 mass) at the Mexicali site.  This is the third highest marine aerosol contribution date during the entire study period.  Meteorological data shows that marine aerosol intrusion from the Gulf of California was apparent on this day.





Secondary ammonium sulfate and ammonium nitrate contributions were generally low, typically around 1 to 2 (g/m3.  Manure-fueled power plant contributions were not detectable during the pilot study period.  Glass plant contributions were only detected on three occasions at the Calexico site and once at the Mexicali site, with less than 2 (g/m3 of source contributions.





7.3.3	Source Contribution Estimates During Intensive Periods





7.3.3a	Summer Intensive Period (08/21/92 to 08/27/92)





Average source contribution estimates for each six-hour sampling period in the summer are shown in Figures 7-6a and 7-6b for the Calexico and Mexicali sites, respectively.  The individual source contribution estimates with their associated uncertainties are summarized in Tables C-5 and C-6 of Appendix C of this report for the summer, winter, and spring intensive periods.





Distinguished diurnal variations were found on PM10 source contributions.  Figures 7�6a and 7-6b show that average source contribution estimates from geological material were nearly a factor of two higher during nighttime (1800 to 2400 PST) as compared to afternoon (1200 to 1800 PST) periods at the two base sites.  Over 70% of the PM10 mass can be attributed to nighttime geological material contributions with an average of 50.1 ± 44.8 (g/m3 at the Calexico site and 77.3 ± 60.2 (g/m3 at the Mexicali site.  Contributions from motor vehicle exhaust were highest during the morning (12.2 ± 5.2 (g/m3) and nighttime (12.1 ± 7.5 (g/m3) periods at the Calexico site and during nighttime (19.9 ± 9.1 (g/m3) period at the Mexicali site.





Marine aerosol intrusion is most significant during all sampling periods in the summer.  Maximum source contribution estimates from marine aerosol were found on 08/21/92:  1) in the nighttime period, with 10.6 ± 1.0 (g/m3 (20% of PM10 mass) at the Calexico site, and  2) in the afternoon period with 9.9 ± 1.3 (g/m3 (7% of PM10 mass) at the Mexicali site.  This day also received the second highest 24-hour marine aerosol contribution during the entire study period, with 8.9 ± 0.84 (g/m3 (10% of PM10 mass) at the Calexico site and 7.0 ± 1.14 (g/m3 (7% of PM10 mass) at the Mexicali site.





Source contributions from vegetative burning were mostly undetectable during the summer.  Secondary ammonium sulfate contributions experienced less diurnal variations with an average of 2.0 to 3.0 µg/m3 during each sampling interval.  Source contribution estimates from secondary nitrate and industrial sources are low, generally less than 1 µg/m3.





Manure-fueled power plant contributions were not detected during the summer intensive period.  Glass plant contributions were detected in one sampling interval (morning of 08/24/92) at the Calexico site and in four sampling intervals (early morning and nighttime of 08/21/92, early morning of 08/22/92, and nighttime of 08/24/92).  The maximum glass plant contribution was found at Mexicali in the early morning of 08/21/92, estimating 8.2 ± 2.2 µg/m3 (6% of PM10 mass).





Figure 7-7 indicates moderate similarity between source contributions to individual six-hour samples at each site.  This is especially evident for geological contributions (45% to 90% of PM10 mass) throughout the day on 08/21/92 and for the nighttime samples (80% of PM10 mass) on 08/26/92 at the two base sites.  For most samples, the source contributions were of similar magnitude at the two base sites during these periods.  There appeared to be marine aerosol episodes on 08/21/92 and 08/22/92 and late in the day on 08/24/92 through 08/26/92 at both sites.





7.3.3b	Winter Intensive Period (12/11/92 to 12/20/92)





Diurnal variations of average source contribution estimates for the winter intensive sampling period are illustrated in Figures 7-8a and 7-8b for the Calexico and Mexicali sites, respectively.  Average source contribution estimates for geological material were up to a factor of three higher during nighttime as compared to early morning periods at the two base sites.  The nighttime source contribution estimate from geological material was 56.1 ± 63.5 µg/m3 (47% of PM10 mass) at the Calexico site, and 104.5 ± 66.6 µg/m3 (51% of PM10 mass) at the Mexicali site.  Although the relative impact of geological material on PM10 mass was similar (i.e., approximately 50%) at both sites, the absolute source contribution estimates at the Mexicali site were almost a factor of two higher than the corresponding estimates at the Calexico site.





Diurnal variations were also shown for motor vehicle exhaust, with lowest contributions found during afternoon periods and highest contributions found during nighttime periods, with variations of three- to four-fold among different sampling periods.  Nighttime source contribution estimates from motor vehicle exhaust were 24.6 ± 25.5 (g/m3 (21% of PM10 mass) at the Calexico site and 41.7 ± 67.2 (g/m3 (20% of PM10 mass) at the Mexicali site.





Source contribution estimates from vegetative burning were detectable during all sampling periods, with pronounced (i.e., a factor of eight) differences among the four sampling intervals.  These source contribution estimates ranged from 2.9 ± 8.3 (g/m3 (8% of PM10 mass) during afternoon periods to 22.9 ± 37.6 (g/m3 (19% of PM10 mass) during nighttime periods at the Calexico site, and from 6.5 ± 14.7 (g/m3 (18% of PM10 mass) during afternoon periods to 49.9 ± 68.0 (g/m3 (24% of PM10 mass) during nighttime periods at the Mexicali site.  It is suspected that nighttime charbroil cooking is the dominant source of vegetative burning.





In contrast to the summer intensive period, source contribution estimates from marine aerosol were very low, generally less than 0.5 (g/m3.  Wintertime secondary ammonium nitrate contributions were higher than the secondary ammonium sulfate contributions, in the range of 2 to 4 (g/m3.





The individual source contribution estimates for the winter intensive period are given in Figure 7-9 for the two base sites.  This period was characterized by moderate PM10 concentrations at both sites on 12/11/92, followed by a period of low concentrations through midday on 12/14/92.  Figure 7�9 indicates that high PM10 mass concentrations (>300 (g/m3) during the nighttime period on 12/14/92 at both sites were caused by similar contributions of geological material, vegetative burning, and motor vehicle emissions.  PM10 levels decreased through the day on 12/15/92 and then increased during the nighttime period on 12/15/92 at both sites (although to a lesser degree at the Calexico site), with significant increases in motor vehicle and vegetative burning contributions.





The next increase in PM10 mass concentrations occurred from the nighttime period of 12/16/92 through the nighttime period of 12/17/92.  Figure 7-9 indicates that vegetative burning emissions were present at the Mexicali site throughout this period, with a maximum source contribution estimate of 188.6 ± 46.1 (g/m3 (44% of PM10 mass), while an absence of vegetative burning emissions was discovered at the Calexico site.  





The period between 12/14/92 and 12/17/92 was characterized by meteorological stagnation and a buildup of PM10.  Source contribution estimates from motor vehicle emissions on 12/17/92 were actually lower at the Mexicali site than at the Calexico site.  However, buildup of secondary organic carbon at the Mexicali site could be responsible for the high estimated vegetative burning contributions at this site on 12/17/92.  





PM10 mass concentrations again increased late in the day on 12/19/92.  For this nighttime period on 12/19/92, a large vegetative burning contribution (90.8 ± 25.3 (g/m3, 57% of PM10 mass) was estimated at the Calexico site while a large motor vehicle contribution (229.7 ± 31.8 (g/m3, 54% of PM10 mass) was estimated for the Mexicali site.  This discrepancy could be caused by collinearity between the motor vehicle and vegetative burning source profiles discussed in Section 7.2.





Manure-fueled power plant contributions were not detectable during the winter intensive period.  Contributions from the glass plant were only detected once at each site, that is, during the afternoon of 12/11/92 (1.64 ± 0.86 (g/m3) at the Calexico site, and during the early morning of 12/18/92 (1.59 ± 0.76 (g/m3) at the Mexicali site.





7.3.3c	Spring Intensive Period (05/13/93 to 05/19/93)





Although the spring intensive period reported the lowest PM10 mass concentrations and source contributions, Figures 7-10a and 7-10b demonstrate distinct diurnal variations at the two sites, similar to those of other intensive periods.  Unlike other intensive periods, maximum source contribution estimates for geological material and motor vehicle exhaust were found during the morning hours, and lowest concentrations found during early morning.  Source contribution estimates for geological material for morning periods were 31.3 ± 16.4 (g/m3 (63% of PM10 mass) at the Calexico site and 52.7 ± 22.7 (g/m3 (77% of PM10 mass) at the Mexicali site.  Similar elevated source contributions were found for motor vehicle exhaust during morning periods, with 11.0 ± 4.8 (g/m3 (22% of PM10 mass) at the Calexico site and 12.2 ± 2.7 (g/m3 (18% of PM10 mass) at the Mexicali site.





Source contributions from vegetative burning were only detectable (measuring 1.8 ± 4.1 (g/m3) during morning periods at the Calexico site and were not detectable at the Mexicali site.  Source contributions from marine aerosol and secondary ammonium sulfate were detected during all periods at levels ranging from 2.0 to 4.0 (g/m3 at the two sites.





Individual source contribution estimates for each sampling interval during the spring intensive period are given in Figure 7-11.  Significant marine aerosol contributions were found at both sites on 05/13/93 and from 05/15/93 through 05/18/93.  Maximum marine aerosol contributions were found during the early morning of 05/16/93, with 6.3 ± 0.6 (g/m3 (23% of PM10 mass) at the Calexico site and 6.9 ± 0.8 (g/m3 (18% of PM10 mass) at the Mexicali site.  In general, there appeared to be a higher proportion of geological material at the Calexico site. Otherwise, there is good correspondence between the relative contributions of motor vehicle, secondary ammonium sulfate, and marine emissions at both sites.  No industrial source contributions were found during the spring intensive period.





7.3.3d	Mini-Intensive Sampling Period (12/2/92 to 01/07/93)





Average source contribution estimates during the mini-intensive period are shown in Figure 7-12.  Although relative source contributions were found to be similar at the two base sites, the absolute source contributions of major source types were a factor of three to seven higher at the Mexicali site than at the Calexico site.  The largest differences were found in the vegetative burning contributions, with 4.5 ± 1.8 (g/m3 (15% of PM10 mass) at the Calexico site and 32.6 ± 9.8 (g/m3 (25% of PM10 mass) at the Mexicali site.  It is speculated that increased quantities of charbroil restaurant cooking occurred in the Mexicali Valley during the holiday season.  Contributions from secondary ammonium sulfate and ammonium nitrate were generally low, in the range of 2 to 4 (g/m3.





Individual source contribution estimates are reported in Tables C-7 and C-8 of Appendix C of this report.  Figure 7-13 displays the time series source contribution estimates during the mini-intensive period between 12/21/92 and 01/07/93.  The results show that similar variations in source contribution estimates occurred between 12/21/92 and 12/24/92 at the two sites.  While the absolute concentrations were over three times higher at the Mexicali site, both vegetative burning and motor vehicle exhaust contributions were estimated in approximately similar proportions on all four days at each site.  





This was also the case for the periods 12/28/92 to 01/05/93.  The highest PM10 mass concentration at the Calexico site occurred on 01/01/93 (97.3 ± 4.9 (g/m3).  Data for the Mexicali site on this day were missing.  On 01/01/93 at the Calexico site, the geological (35.3 ± 3.3 (g/m3, 36% of PM10 mass) and vegetative burning (31.9 ± 11.2 (g/m3, 33% of PM10 mass) contributions were the largest of the series.  At the Mexicali site, the highest PM10 concentration of the series occurred on 12/24/92 (461.8 ± 23.1 (g/m3), with geological material (156.9 ± 12.2 (g/m3, 39% of PM10 mass) and vegetative burning contributions (216 ± 51.4 (g/m3, 53% of PM10 mass) being highest of the series.  Source contributions from motor vehicle exhaust were also elevated (29.6 ± 15.2 (g/m3, 7% of PM10 mass) on 12/24/92 at the Calexico site.  Maximum motor vehicle exhaust contribution occurred on 12/31/92 at the Mexicali site, with (34.2 ± 12.2 (g/m3, 15% of PM10 mass).  





During the last two days of the mini-intensive period (01/06/93 and 01/07/93), PM10 concentrations were low (10.5 ± 1.3 (g/m3 and 25.0 ± 1.7 (g/m3 at the Calexico site, and 25.9 ± 3.8 (g/m3 and 32.4 ± 3.5 (g/m3 at the Mexicali site, for 01/06/93 and 01/07/93, respectively).  As seen in Figure 7-13, geological contributions on these days were the lowest of the series, with <2 (g/m3 at the Calexico site and <5 (g/m3 at the Mexicali site).  No industrial source contributions were found during the mini-intensive sampling period.





7.3.4	Spatial Variations of PM10 Source Contribution Estimates





Source contributions were estimated for 556 individual PM10 samples collected with portable PM10 survey samplers at 30 satellite locations during the three intensive periods.  Sampling locations are shown in Figure 2-1.  Average source contribution estimates for major source types during the summer, winter, and spring intensive periods at each site are given in Table 7-8.  This table shows that geological material, motor vehicle exhaust, and vegetative burning source contributions were largest during the winter intensive period, while the marine aerosol contribution was largest during the summer and spring intensive periods and uniformly low during the winter intensive period.  





On average, the highest geological material contributions occurred during wintertime at the Calzada de las Naciónes (CSLD) (170.1 ± 7.3 (g/m3) and Primaria (PRID) (148.2 ± 8.2 (g/m3) sites in the Mexicali Valley.  The lowest geological material contribution (3.62 ± 1.29 (g/m3) also occurred during wintertime at the Niland (NILD) site in the Imperial Valley.  The highest motor vehicle exhaust contributions occurred during wintertime at the Primaria (PRID) (53.5 ± 16.8 (g/m3), Rio Presidio and Cualitemoc (RPLD) (79.5 ± 21.7 (g/m3), and Quimical (QMLD) (67.1 ± 16.6 (g/m3) sites in the Mexicali Valley.  





Contributions from vegetative burning were not detected during the summer intensive period and detected only occasionally during the spring intensive period.  Similar to the annual and intensive sampling periods at the two base sites, vegetative burning contributions were found mainly in samples acquired during the winter period.  Average vegetative burning contributions exceeding 25 (g/m3 were found at the Estación de Bomberos (EDBD), Centro Video (CTVD), Orcadas and Largo Tiberiade (OMND), Mexicali (SEDD), and Quipac (QPCD) sites in the Mexicali Valley.





As discussed in the previous sections, the small number of sampling days (24) and the lack of carbon and ionic species measurements limit the usefulness of multivariate analysis for interpreting spatial trends in these data.  Seasonal variations are large for motor vehicle exhaust, vegetative burning, and marine aerosol contributions.  Such variations may override spatial variations in such analyses.  Therefore, source contribution estimates for the satellite sites are presented here in a simpler fashion.  Average summer, winter, and spring source contributions at the 30 sites are shown in Figures 7-14a, 7-14b, and 7-14c, respectively.  In these plots, the sites have been reordered from north to south as those shown in Section 6 and the border sites are represented in the central portions of these plots.  The motor vehicle exhaust contribution and the motor-vehicle-plus-vegetative-burning source contributions (as a stacked bar chart) are plotted separately in Figures 7-14b and 7-14c.  Because the motor vehicle exhaust and vegetative burning source profiles are collinear to some degree, the sum of these source contribution estimates may be more meaningful than the individual source contributions.





While many of the sites are located on or near the U.S./Mexico border, the general trend that emerges from these results is higher geological material and combustion (motor vehicle exhaust plus vegetative burning) source contributions are present in the Mexicali Valley.  During winter, the highest geological material contributions occurred at the Calzada de las Naciónes (CSLD) and Primaria (PRID) sites and the highest motor-vehicle-exhaust-plus-vegetative-burning contributions occurred in the area south of and including the Calzada de las Naciónes (CSLD) site. 





Figure 7-14b shows that wintertime motor vehicle exhaust contributions are relatively smaller at the Orcadas and Largo Tiberiade (OMND), Mexicali (SEDD), and Quipac (QPCD) sites than at nearby sites.  In addition, vegetative burning contributions at these sites are much larger than motor vehicle exhaust contributions.  It is likely that collinearity of these two source types resulted in high uncertainties for the vegetative burning and motor vehicle exhaust source contribution estimates.





Primary geological material contributions were elevated at the Primaria (PRID) site during summer and winter, possibly caused by major roadway construction near this site.  There were also large geological material contributions at the Calzada de las Naciónes (CSLD) site during winter and spring; data from this site during summer were not available.  The nature of these geological material sources is unclear because this site is characteristically residential, with light traffic on paved roads as shown in Table 2-4.





The results shown in Figures 7-14b and 7-14c suggest that the overall spatial variability of geological material and motor vehicle exhaust/vegetative burning contributions was smaller in spring than in winter.  The winter intensive sampling period was characterized by alternating stagnation and transport.  Spring is a transitional period generally characterized by more vigorous wind patterns.  While the highest marine aerosol contributions occurred during the summer and spring, as expected, there are no clear spatial trends in the marine aerosol contribution during any season. This is reasonable since the principal sources of marine aerosol are far removed to the northeast and southwest of the study area. 
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