3.5 VERTICAL VARIATION OF THE ATMOSPHERIC CHEMICAL
PROCESSES

The availability of measurements of pollutant concentrations aloft has increased
significantly and, with them, the scientific interest in the vertical variation of the at-
mospheric chemical processes. Most of the primary pollutants are emitted at ground
level or very close to it; therefore, the simplest description of the system would be
that all the concentrations decrease with height. Thus, all the reaction rates decrease
with height in the troposphere. However, this is not always the case, with the vertical

variability of the ozone concentration being an important exception.

It is widely known that in the South Coast Air Basin (SCAB) after sunrise, the
ground heating generates a growing mixed layer that eliminates the stable stratification.
Inside this layer the vertical mixing is efficient and the vertical concentration profiles
of primary and secondary pollutants (O3, etc.) do not exhibit any significant vertical
gradients. During the evening hours, the atmosphere becomes more and more stable
and the vertical pollutant dispersion becomes extremely slow. Emissions of primary
pollutants remain near the ground. For example, NO is emitted near the ground where
it reacts with the existing Oz, producing NO.. This reaction, combined with the
unavailability of sunlight for the triggering of O3 producing photochemical reactions
{e.g., NO; photolysis, etc.), results in destruction of the O3 close to the ground. The
inability of the emitted NO to diffuse upwards in the stable atmosphere protects the O3
aloft. Therefore, the typical O3 concentration during the early morning in the SCAB is
practically zero close to the ground, while significant O3 concentrations exist aloft. As
the convective layer grows in depth the next morning, pollutants from aloft are rapidly
entrained and mixed downward. By this mechanism, the upper air chemistry or its

lack thereof, assists in the creation of elevated O3 levels during the morning hours.

Existence of phenomenon discussed above lead to several additional questions con-
cerning the production of acidic species like sulfate and nitrate. Is it possible to have

trapping of the precursors of these species aloft resulting in an increased production of
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acidity aloft that later fumigates to the ground? Even if the precursor concentrations
decrease with height, are there additional chemical pathways aloft that are going to
lead to the increased production of acidic species aloft? We shall attempt to look into
these two questions by using the aircraft data collected during SCAQS, together with

current knowledge of the corresponding processes.

3.5.1 Vertical Distribution of SO;

Significant quantities of SOz(g) are emitted in the SCAB by tall stacks at heights
around 100m (including the plume rise). If the effective emission height is within the
mixing layer, then the vertical dispersion of the plume is relatively rapid and the vertical
distribution of the corresponding chemistry is relatively uniform. Emission of SO2 by
elevated point sources results in relatively interesting behavior when the mixing layer
is below the effective emission height (stack height plus plume rise). In this case, the
emitted SOz(g), accompanied by the primary sulfate, will be trapped aloft and their
corresponding ground-level concentrations will be reduced.

The episode of December 10-11, 1987, is a typical example of this phenomenon.
The measured concentration of SO, at 335 m over Long Beach at 7:30 a.m. on Decem-
ber 11, is roughly a factor of 2 higher than the ground-level concentration. The vertical
SO, profile measured by an aircraft performing a spiral over Fullerton at 4:30 p.m. on
December 11 indicated an SO, concentration of 12 ppb at 250 m and only 2 ppb near
the ground. On the contrary, measurements indicated that SO, had fumigated to the
ground at Hawthorne at 3 p.m. and at Long Beach at 4 p.m. of the same day. An
initial theoretical analysis of this episode has been presented in Section 3.4.

Despite the trapping of SO; aloft, the measured sulfate concentrations aloft were
less than 50% of the ground-level concentrations. The occurrence of the fog episode
near the ground is the major cause for this strange behavior. The imaginary scenario
of the absence of fog near the ground can be examined by using the results of the
‘gas-phase chemistry only’ simulations described in Section 3.4.

According to the base case simulation, SO is trapped aloft over Hawthorne until
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1 p.m., when it fumigates to the ground. The time for fumigation depends critically
on the mixing height as shown in Section 3.4. Without taking into account the sulfate
production inside the fog layer, the sulfate concentrations aloft predicted by the model
exceed the ground-level concentrations for most of the day, something not observed due
to the fog episode.

This analysis indicates that the potential exists for the gas-phase production of
sulfate aloft and its fumigation later onto the ground during days with very small mixing
heights during the winter. During these conditions, photochemical activity is generally
low; therefore, the absolute production rates of sulfate are also small. The fumigation
of primary sulfate emitted with the SO, is then going to be the major process affecting
ground sulfate levels, The existence of fog near the ground reverses the above process,

increases the ground-level sulfate, and results in upward diffusion of sulfate.

3.5.2 In-cloud Production of Acidic Species

The process described in the previous paragraph can be reversed if the ground-
level fog is replaced by clouds aloft. Clouds provide the medium-the liquid water—for
the production of acidic species like sulfate. Therefore, one can hypothesize that the
clouds can process primary pollutants, produce acidic species, which, after the cloud
dissipation, will diffuse to the ground. Before attempting to test this hypothesis with
SCAQS data, it would be useful to review our knowledge of the corresponding aqueous-
phase processes and examine which species can actually be produced inside a cloud.
As a basis for this analysis, we shall use the work of Pandis and Seinfeld (1989).

The dissolution of SO; in the cloudwater, and its oxidation to sulfate, is a dom-
inant chemical process in clouds. There are several chemical pathways for such a
transformation with the most important being the oxidation of S(IV) by H,0,(aq)..
Other important pathways include reactions with O, (catalyzed by Fe3+ and Mn?%)
with OH and O3. The rate of these aqueous-phase reactions can easily be more than
one order of magnitude faster than the gas-phase SO, oxidation. The comparison of

the in-cloud sulfate production rate aloft, with the corresponding gas-phase production
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rate at ground level, is further complicated by the difference in SO2(g) concentrations
in these heights. Even if SOz is oxidized much faster inside the cloud, the SO, con-
centration in urban areas like Los Angeles is usually much higher near the ground,
resulting in roughly similar sulfate production rates.

No important aqueous-phase reaction pathways seem to exist for the production of
NOj inside clouds; therefore, clouds cannot enhance the ambient nitrate concentration
levels.

The presence of a cloud has been shown to enhance the production of formic acid.
Formaldehyde dissolves in cloudwater where it reacts with dissolved OH(aq) to produce
HCOOH which can be transferred back to the gas phase.

In conclusion, our current knowledge indicates that the potential exists, at least
theoretically, for the production of sulfate aloft in a cloud and its subsequent transfer

close to the ground.

3.5.3 Vertical Distribution of Sulfate

The sulfate concentrations measured aloft during the August and December
SCAQS intensive days have been compared with corresponding ground-level concen-
trations. For all of these measurements the sulfate concentrations at the ground exceed
the sulfate concentrations aloft (Figure 3.5.1). A strong correlation exists, as one would
expect, between the ground and upper air sulfate concentrations. The concentrations
of sulfate during the December episode were closer to the ground concentrations for
two reasons: (1) the measurements were taken at a much smaller height (only 350 m),
and (2) the mixing heights were much lower and a significant part of SO; and sulfate
emissions were trapped aloft.

This comparison is based on only two episodes and it cannot be conclusive, but
it suggests a strong tendency of sulfate to diffuse upwards and not the opposite. An-
other factor that should be considered is that during the above SCAQS intensive days
there were only sparse isolated clouds. Therefore, the previous comparison indicates

that during these specified periods, the upper air heterogeneous production of sulfate,
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if it existed at all, did not influence aépreciably the ground sulfate levels. Further

examination of the above described processes under more appropriate meteorological

conditions {e.g., periods of cloudiness) could provide additional insights.
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4. SOURCE APPORTIONMENT OF ACIDIC SPECIES IN THE SOUTHERN
CALIFORNIA AIR BASIN

4.1 OBJECTIVES

The objectives of this section are to investigate the sources, transportation, and
fate of acidic atmospheric components in the SoCAB. To examine the source/recéptor
relationships in the basin, a number of summary statistics and several multivariate
statistical methodsl—classical factor analysis, Target Transformation Factor Analysis
(TTFA), stepwise multiple regression, and potential source contribution function
analysis (PSCF)--have been applied to parts or all of the acidic species and trace
element concentration data for particle samples collected at the Burbank, Claremont,
and Rubidoux sites. These sites are shown in Figure 4.1.1 along with a contour plot of
the surrounding terrain. The data analysis methods have been applied to these data to
provide an improved understanding of the nature and behavior of the acidic species
observed in the SoCAB during the SCAQS field exercises.

4.2 DESCRIPTION OF DATA AND DATA QUALITY ANALYSES

The study concentrated on two data sets generated from the airborne particle
and related samples collected at the Burbank, Claremont, and Rubidoux sites during
the intensive study days of the SCAQS study in 1987. The first data set includes
surface and upper wind data and the concentrations of 15 acidic chemical species, one
trace element, and two mass compenents that were collected with SCAQS samplers
and analyzed using either ion chromotography, atomic absorption, colorimetry, or
gravimetry. These species include gaseous SOp, SO4~ (PM-2.5, PM-10), gaseous
HNO3 and NH3, NO3 (=gaseous NO3 + PM-2.5 NO3), NO3 (PM-10, PM-2.5 L3 and
PM-2.5 L9), NOg (Total), NH4+ (PM-10, PM-2.5 L5 and PM-2.5 L9), Cl (PM-10 and
PM-2.5), PM-10 Na, and Mass (PM-2.5, PM-10). A paper titled "Multi-Component Size-
Classifying Aerosol and Gas Samplers for Ambient Air Monitering,” is included in
Appendix C of this report. For definitions of L9, L3, and L5 see the details concerning
the SCAQS samplers.
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FIGURE 4.1.1. Map of the South Coast Air Quality Study region.
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The first data set contains 85 samples each for the Burbank and Rubidoux sites
that were collected cn the 17 intensive study days during the summer and fall of 1987,
and 55 samples for the Claremont site that were collected during the 11 intensive study
days in the summer of 1987. The second set of data was obtained from Professor R.C.
Henry of the University of Southern California. This set of data contains concentrations
of 31 trace elements (PM-2.5) collected with a SCAQS sampler, on the 11 intensive
study days in the summer of 1987, using XRF analysis. Unfortunately, the
concaentrations of a number of species in most of the samples are below detection
limits. Only those species with less than 1/3 of the measurements below detection
limits were used in the subsequent analyses. Data quality analysis was then applied to
these data, with minor data quality problems discovered. The PM-2.5 trace element
values seem reasonable for most species except for PM-2.5 sulfur collected at
Claremont. In this particular case, the XRF values for PM-2.5-S appear to have serious
discrepancies relative to the IC SQ4~ values. The scatter plots of the concentrations of
sulfur calculated from the IC SO4~ values against the concentrations of XRF S in
PM-2.5 samples are shown in Figures 4.2.1-4.2.3. It can be seen that either XRF
overestimates sulfur or IC underestimates sulfate since the elemental sulfur should
have been completely oxidized into sulfate in the SoOCAB environment. For the scatter
plots of Rubidoux and Burbank, there are good correlations between the S values, but
a measurement bias by one or another method. However, for the scatter plot of
Claremont, there is a poor correlation indicating a substantial error has been
introduced in the IC, the XRF, or both analyses. It is not possible to determine which
analysis method is correct; thus, both values have been used in the subsequent
statistical analysis. Other species also show substantial deviations between the IC and
XRF concentrations. The scatter plots of the IC values against the XRF vailues for
chlorine show biases for one or the other analytical method (Figures 4.2.4 and 4.2.5).

After calculating the summary statistics and performing the PSCF analyses of .
the species, the concentration data of all the species chosen for other analyses were
corrected for missing values and below detection limit values. For the IC samples, the
below detection limit data were replaced with the detection limit. Then missing values
were replaced with the mean concentrations of the respective species. For the XRF
samples, the below detection limit concentration measurements were replaced with the
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FIGURE 4.2.1. Comparison of the S concentrations in PM2.5 samples collected

from the IC SO values with the

XRF S determinations.
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values obtained by multiplying the detection limit by a uniformly distributed random
number (0 < Random Number < 1). The missing values were also replaced by the
mean concentrations of the species. The corrected data were then used for
subsequent muitivariate analyses.

4.3 DATA ANALYSES
4.3.1 Summary Statistics

Eighteen summary statistics were calculated for each of the 15 chemical species
measured at the three sampling sites (Table 4.3.1- Table 4.3.3). These indices include
the mean, median, mode, geometric mean, and the variance with measures of the
range. All of the statistics indicate that these species have positively-skewed
distributions except PM-2.5- NO3 L9 (Claremont) and gaseous NOj (Rubidoux).
These indices are useful for understanding the distribution of each chemistry variable,
and provide an indication of the critical concentration values to be used in the potential
source contribution function analysis.

4.3.2 Factor Analyses

In studies of the environment, many variables are measured to characterize the
system. However, not all of the measured species vary independently of one another.
Thus, it is essential to have mathematical techniques that permit the study of the
simultaneous variation of muitiple variables. One such analysis is based on examining
the relationships between pairs of variables. This correlation analysis, however, does
not provide a clear view of the multiple interactions in the data. Thus, various forms of
eigenvector analyses are used to convert the correlation data into multivariate
information. Factor analysis is the name given to one of the variety of forms of
eigenvector analysis. It was originally developed and used in psychology to provide
mathematical models of psychological theories of human ability and behavior (Harman,
1976). However, eigenvector analysis has found wide application throughout the
physical and life sciences. Unfortunately, a great deal of confusion exists in the
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literature in regard to the terminology of eigenvector analysis. Various changes in the
way the method is applied has resulted in it being called factor analysis, principal
components analysis, principal compenents factor analysis, empirical orthogonal
function analysis, Karhunen-Loeve transform, etc., depending on the way the data are
scaled before analysis or how the resulting vectors are treated after the eigenvector
analysis is completad.

All of the eigenvector methods have the same basic objective: the compression
of data into fewer dimensions and the identification of the structure of interrelationships
that exist between the variables measured or the samples being studied. In many
chemical studies, the measured properties of the system can be considered to be the
linear sum of the terms representing the fundamental effects in that system times
appropriate weighing factors.

In this study, tactor analysis is used to examine the interrelationships between
the measured ambient concentrations. These analyses identify species that co-vary
because they have been emitted by the same source. However, meteorology and
geography can combine to also cause materials emitted by different sources to co-vary
in the resulting data set.

4.3.3 Principal Component Analysis

Principal component analysis (PCA) has been described by Roscoe et al.
(1982). A varimax rotation was used. For this study, we first performed an eigenvector
analysis. A subset of the resulting vectors are transformed using an optimum model for
each of the PM-2.5 data sets characterizing the particle samples collected at each of
the three sites. These models are useful in recognizing possible sources and
identification of potential errors in the data sets. PCA analysis is capable of analyzing
both particle and gaseous chemical species. The results are summarized in Tables
4.3.4-4.3.6. In these tables, only the loadings with values greater than 0.5 are given.
These values are large enough to be significant for data sets of this size.
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TABLE 4.3.4. Factor loadings for varimax rotated 5-factor model for PM2.5 aerosols at Burbank.

Variable/Factor 1 2 3 4 5 Communality
Gaseous NH, -0.540 . . . . 0.343"
PM2.5-NH; L5 0.845 . . . . 0.931
PM2.5-NH{ L9 0.900 . . . . 0.847
Gaseous NOj . . . 0765 . 0.928
PM2.5-NQO; L3 0.801 . . . . 0.797
PM2.5-NO; L9 0.720 . . . . 0.813
Gaseous HNO, . . . 0896 . 0.950
Gaseous SO, . . . . 0.687 0.606
PM2.5-SO7% 0.822 . . 0491 . 0.924
PM2.5-Ba . . 0.544 . . 0.605
PM2.5-Ca . 0.874 . . . 0.893
PM2.5-Fe . 0920 . . . 0.920
PM2.5-K . 0.568 0.590 . . 0.678
PM2.5-Mg . 0518 0.838 . . 0.984
PM2.5-Na . . 0937 . . 0.90
PM2.5-P . 0.545 . . 0.687  0.782
PM2.35-S 0.809 . . 0.513 . 0.926
PM2.5-Si . 0922 . . . 0.950
PM2.5-Ti . 0.806 . . . 0.803
PM2.5-Zn . . . . . 0.271°
% Variance 383 283 104 7.6 58

Explained

Eigenvalue 6.72 496 183 134 101

*Variables for which the five factor model failed to adequately reproduce the system
variance.
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TABLE 4.3.5. Factor loadings for varimax rotated 6-factor model for PM2.5 aerosols at Claremont.

Variable/Factor 1 2 3 4 5 6 Communality

Gaseous NH, . . . . 0817 . 0.765
PM2.5-NH; LS . . . . 0.754 . 0.832
PM2.5-NH; L9 . 0944 . . . 0.919
Gaseous NO; . . 0822 . . . 0.889
PM2.5-NO; L3 . 0804 . . . . 0.824
PM2.5-NO; L9 . 0.804 . . . . 0.871
Gaseous HNQO, . . 0930 . . . 0.927
Gaseous SO, . . 0.548 . . . 0.416
PM2.5-SO7 . 0.712 0580 . ; . 0.867
PM2.5-Al 0929 . . . . ; 0.916
PM2.5-Ba 0497 . . . ; . 0.549
PM2.5-Ca 0.895 . . . . . 0.845
PM2.5-Cu ; . . 0935 . . 0.907
PM2.5-Fe 0963 . . . ; . 0.950
PM2.5-K 0937 . . . . . 0.920
PM2.5-Mg 0877 . . . . . 0.830
PM2.5-Na . . . ) . 0.815 0.759
PM2.5-P 0672 . . . . . 0.649
PM2.5-8 . . . . . . 0.393°
PM2.5-Si 0955 . . . . . 0.952
PM2.5-Ti 0858 . . . . . 0.824
PM2.5-Zn . . ; 0920 . . 0.886
% Variance 374 194 137 9.4 7.1 4.2
Explained

Eigenvalue 725 377 265 182 138 0.1

"Variables for which the model does not account well for the variance.
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TABLE 4.3.6. Factor loadings for varimax rotated 5-factor model for PM2.5 aerosols at Rubidoux.

Variable/Factor 1 2 3 4 5 Communality
Gaseous NH, . 0.833 0.750
PM2.5-NHj LS 0.679 -0.514 0.797
PM2.5-NH; L9 0.955 0.940
Gaseous NO; 0.886 0.981
PM2.5-NOj; 1.3 0.913 0.963
PM2.5-NO; L9 0942 . 0.948
Gaseous HNO, 0.852 0.842
Gaseous SO, . -0.494 0.392°
PM2.5-80% . 0.876 0.798
PM2.5-Al 0.968 0.976
PM2.5-Ca 0.842 . . 0.763
PM2.5-Cl . -0.524 0523 0.583
PM2.5-Fe 0.972 0.978
PM2.5-K 0.928 0.968
PM2.5-Mg 0.927 . 0.974
PM2.5-Na . 0.680 0.624
PM2.5-P 0799 . 0.883
PM2.5-S . 0.838 0.832
PM2.5-Si 0.989 0.990
PM2.5-Ti 0.941 0.949
PM2.5-Zn 0.237
% Variance 463 252 9.8 6.2 36
Explained

Eigenvalue 872 475 185 117 068

"Species whose variances were not adequately explained by the S-factor model.
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A 5-factor medel seems to be optimum to describe potential sources contributing
to the PM-2.5 samples collected at the Burbank site (Table 4.3.4). Factor 1 appears to
be associated with NH4NO3 and (NH4)2S04 in both particulate and gaseous phases.
The negative loading on NH3 indicates that there is no excess gasecus NHg so that it
is inversely correlated with particulate NH4*T Factor 2 represents inputs of crustal
elements. Marine salts appear in the 3rd factor. Factor 4 seems to be related to
gaseous N03' species and nitric acid, accompanied by a small amount of SO4~. Factor
5 is a source of gaseous SOp. The comparable factor loading of P (0.687) may arise
from a correlation in P values with S because of the poor separation of the smail K X-
ray peak of P from the larger S peak in the XRF spectrum. Resolution of chemical
species data into the 5 factors for this site appears to be reasonably good. The acidic
species are separated from trace elements. This result suggests that these acidic
species are secondary photochemical products that are not directly correlated with
emissions from primary sources.

The source-receptor relationship for the PM-2.5 aerosols at the Claremont site is
best described by a 6-factor model (Table 4.3.5). Factor 1 is associated with crustal
elements. Factor 2 has moderate PM-2.5 SO4~, and high PM-2.5 NOgz and PM-2.5
NH4 loadings. It is clear that this factor is associated with most of the NH4NO3 and
part of the (NH4)SO4 observed at this site. The loadings for both PM- 2.5 N03' and
PM-2.5 NH4+are higher than those for PM-2.5 SO4~, indicating a stronger correlation
between PM-2.5 NH4+and PM- 2.5 NOg. Factor 3 is related to mostly gaseous nitrate
species and nitric acid. Factor 4 suggests the presence of either a smeiter or an
incinerator because of the high Zn value. Factor 4 is probably an artifact. The samples
had some brass filings from the plumbing. High Cu and Zn should not be trusted. The
positive correlation of gaseous NH3 and PM-2.5 NH4+L5 loadings on Factor 5 may be
the result of reactions within the sampler. The partial pressure of NH3 is low because it
is efficiently collected within the denuder; therefore, some of the NH4+ L5 dissociates
into NH3 in the SCAQS sampler. If this occurs, then the measured value of NH3 will be
related to the NH4+L5 value. Factor 6 represents marine particles.

A 5-factor model is optimum to account for the source-receptor relationship for
the PM-2.5 aerosols at the Rubidoux site (Table 4.3.6). Factor 1 represents a crustal
elements source due to wind erosion. Factor 2 has high loadings on NH,, SO4~, and
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NOg, with loadings higher for NH4 and NO3 than that for SQ4~, indicating a strong
association between NH4 and NO3. The 3rd factor is obviously a marine aerosol factor
with a strong anticorrelation with HNOg3. It indicates that HNO3 might have displaced
Cl. HNO3 covaried mostly with NO3 species at the previous two sites rather than Cl.
Factor 4 is associated with unreacted marine salts. The minor loading of SO2 could be
ignored since this species is not adequately explained by this model.

in sharp contrast to the other two sites, gaseous NH3 and PM-2.5 NH4 L5 are
negatively correlated on the 5th factor. This result indicates substantial excess NH3 at
Rubidoux. The NHg is high enough that it can titrate the airborne acidity. Thus, when
there is more HNOs, more of the NH3 is converted into NH4 L5 and less is left in the
gas phase. There is then an inverse relationship between the NH3 and the NH4
values.

4.3.4 Stepwise Muitiple Regression

Another approach to the study of the origins of acidity in the SoCAB is muitiple
regression analysis. [f the variation in particulate SO4- and NO3 can be related to
other measured species that were emitted by the sources of their gaseous precursors,
it may be possible to identify these sources. Thus, stepwise multiple regression
analysis was applied to nitrate and sulfate as the dependent variables against the
independent trace elements. Thus, a model of the form

i
yj = Bo +.2'. Bixjj

i=1

where yj is one of the measured SO4~ or NOg species, xjj are the concentrations of
those | species that are significantly refated to the S04~ or NOg values, and Bj are the
regression coefficients. The results are presented in Tables 4.3.7-4.3.15. In general,
the multiple regressions explain less than half of the variance of the various species.
Thesa results reinforce the principal components results in that generally there were no
strong relationships between the trace elements that might indicate primary particle
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TABLE 4.3.7. Multiple regression model fitting results for PM2.5-NO35L3 collected at Burbank.

0E1-€6

Independent Coefficient  Std. error T-value Sig.level R(Adj.)
Variable

CONSTANT -0.833 1.981 -0.420 0.676 0.5835
PM2.5-Si -43.351 14.706 -2.948 0.005

PM2.5-S 1.631 0.273 5.967 0.000

PM2.5-Ti 212.396 75.639 2.808 0.007

PM2.5-Fe 42.446 17.093 2.483 0.017

PM2.5-Zn 24.878 7.727 3.220 0.002

TABLE 4.3.8. Multiple regression model fitting results for PM2.5-NO3 L9 collected at Burbank.

Independent Coefficient  Std. error T-value Sig.level R}(Adj.)
Variable

CONSTANT 4.213 1.883 2.238 0.030 0.3422
PM2.5-Na 6.058 5231 1.158 0.253

PM2.5-Mg -125.387 55.330 -2.266 0.028

PM2.5-Si -39.661 11.720 -3.384 0.002

PM2.5-P -288.496 67.637 -4.265 0.000

PM2.5-K 59.991 22.531 2.663 0.011

PM2.5-Ca 59.478 17.803 3.341 0.002

PM2.5-Ti 122.126 59.286 2.060 0.045

PM2.5-Fe 17.241 13.001 1.326 0.192

PM2.5-Zn 9.237 5.704 1.620 0.112
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TABLE 4.3.9. Multiple regression model fitting results for PM2.5-SO; collected at Burbank site.

Independent Coefficient  Std. error T-value Sig.level R¥(Adj.)
Variable

CONSTANT 7.885 2.152 3.664 0.001 0.2932
PM2.5-Na 7.054 2.903 2.430 0.019

PM2.5-8i -23.789 14.704 -1.618 0.112

PM2.5-P -125.230 86.739 -1.444 0.155

PM2.5-Ca 42.424 2457 1.727 0.091

PM2.5-Fe 23.199 18333 1.264 0.212

PM2.5-Ba -230.199 52.261 -4.405 0.000

TABLE 4.3.10. Multiple regression model fitting results for PM2.5-NQO;L3 collected at Claremont.

Independent Coefficient  Std. error T-value Sig.level R¥(Adj.)
Variable

CONSTANT 10.493 2.477 4.236 0.000 0.2408
PM2.5-Al -65.362 22.799 -2.867 0.006

PM2.5-Si 37.132 11.709 3.171 0.003

PM2.5-Cu -14.649 6.991 -2.096 0.041

PM2.5-Zn 14.567 9.933 1.466 0.149

TABLE 4.3.11. Multiple regression mode! fitting results for PM2.5-NO3L9 collected at Claremont.

Independent Coefficient  Std. error T-value Sig.level R(Ad].)
Variable

CONSTANT 4.777 1.249 3.825 0.000 0.3069
PM2.5-Al -12.921 5.250 -2.461 0.017

PM2.5-P -81.427 59.826 -1.361 0.180

PM2.5-Ca 12.695 6.482 1.958 0.056

PM2.5-Fe 14.267 5.909 2415 0.020

PM2.5-Ba -165.593 76.171 -2.174 0.035
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TABLE 4.3.12. Multiple regression model fitting results for PM2.5-SO;L3 collected at Claremont.

Independent Coefficient  Std. error T-value Sig.level R’(Adj.)
Variable

CONSTANT 6.009 1.273 4.720 0.000 0.0653
PM2.5-P 57.096 53.738 1.063 0.293

PM2.5-Ti 102.405 54.175 1.890 0.064

PM2.5-Fe -9.030 3,732 -2.420 0.019

TABLE 4.3.13. Multiple regression model fitting results for PM2.5-NO;L3 collected at Rubidoux.

Independent Coefficient  Std. error T-value Sig.level R(Adj.)
Variable

CONSTANT -0.818 3.490 -0.234 0.816 0.790
PM2.5-Na -14.802 0.886 -1.497 0.141

PM2.5-Mg 206.520 84.644 2.440 0.019

PM2.5-Al 46.933 35.732 1.314 0.196

PM2.5-Si -69.920 22.724 -3.077 0.004

PM2.5-Ti 242.555 217914 1.113 0.272

PM2.5-Fe 30.398 27.435 1.108 0.274

PM2.5-Zn 16.298 16.031 1.017 0.315

PM2.5-S 7.631 0.953 8.007 0.000

PM2.5-Cl -19.683 6.895 -2.854 0.006

TABLE 4.3.14. Multiple regression model fitting results for PM2.5-NO3L9 collected at Rubidoux.

Independent Coefficient  Std. error T-value Sig.level R¥(Adj.)
Variable

CONSTANT 2.305 3.556 0.648 0.520 0.666
PM2.5-Na -7.522 6.765 -1.112 0.272

PM2.5-Si -43.350 11.267 -3.847 0.000

PM2.5-Ca 4.584 3.054 1.501 0.140

PM2.5-Ti 263.606 224.560 1.174 0.246

PM2.5-Fe 44.952 27.049 1.662 0.103

PM2.5-Zn 26.171 14.886 1.758 0.085

PM2.5-S 5.511 0.946 5.823 0.000

PM2.5-Cl -8.503 5.813 -1.463 0.150
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TABLE 4.3.15. Multiple regression model fitting results for PM2.5-507 collected at Rubidoux.

Independent Coefficient  Std. error T-value Sig.level R}(Adj.)
Variable

CONSTANT 4.340 0.816 5317 0.000 0.4248
PM2.5-Mg -37.795 16.224 -2.330 0.024

PM2.5-Al -14.041 9.764 -1.438 0.157

PM2.5-Si 7.649 6.262 1.221 0.228

PM2.5-P 169.307 35.566 4760 0.000

PM2.5-Ti 116.949 55210 2.118 0.040

PM2.5-Fe -10.871 7.015 -1.550 0.128

PM2.5-Cl 3.079 1.729 1.780 0.082
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emission sources and the concentrations of the secondary acidic species. There are
mixed resuits for NO3' with some positive and some negative values for the crustal
elements. It is expected that gaseous HNO3 will diffuse to the surface of alkaline
crustal element particles. Many of the correlation coefficients may be the result of this
process. At Burbank, the negative value with Si may indicate the presence of neutral
quartz particles while Ti might be aliasing more alkaline surface particles. At Burbank,
the sulfate species are positively correiated to Na.

These results indicate that the atmospheric transport of the gaseous precursors
and their conversion into particulate phase acidic species tends to decouple them from
the variations seen in any primary particles that might have been coemitted with the
SOo or NOx. Some of the resuits for Burbank and Claremont show possible
association with the elements that characterize marine aerosols (Na, Mg) and may
indicate either marine sulfate as a major part of the sulfate observed at Burbank or they
may have a role in the gas-to-panticle conversion for these acidic species. However, at
Rubidoux, there is an anticorrelation of NO;:: with Na suggesting that the relationship
there may be more related to meteorclogy than heterogeneous phase chemistry.
Aithough there has been such a role suggested for marine aerosols (Sievering et al.,
1991; Luria and Sievering, 1991), the role of marine particles in contributing to the
oxidative chemistry of SOs and NOy, is quite uncertain at this time.

4.3.5 Target Transformation Factor Analysis

Target Transformation Factor Analysis (TTFA) is an alternative factor analysis
technique that can apportion the aerosol mass to source contributions. The
mathematic basis of this approach has been described in detail by Hopke (1989). A
target transformation rotation is first applied to the data matrix to obtain a set of basis
vectors that each represents a potential source. Source vectors are then rescaled
using scaling factors that are determined by multiple regression of total mass against
the unscaled factor loading for each sample period. The scaled vectors are
comparable to actual source compaosition vectors. Since only the total particulate
masses are available, TTFA modeling was restricted to the study of the particulate
chemical species. TTFA is able to: (1) determine the number of independent sources
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that contribute ta the system, (2) determine the components of the elemental source
profiles, and (3) caiculate the contribution of each source to each sample. The TTFA
has been employed for the PM-2.5 particulate aerosols collected at the three selective
sites. The TTFA analyses were performed using the program FANTASIA (Hopke et al.,
1983; Hopke and Dharmavaram, 1986). The results are presented in Tables
4.3.16-4.3.27.

A 5-factor model is derived to account for the source apportionment of samples
collected at the Burbank site (Table 4.3.16). Although the analysis resolves five
"sources,” it is quite difficult to associate them with physically real emission sources.
The relationships with the elemental concentrations that provide the most direct
indications of source type identities are ditficult to interpret.  For example, in
Table 4.3.16, Sources 2, 3, and 4 have reasonably high values for Na; therefore, they
may represent marine aerosols. However, Source 3 also includes the crustal elements
which might be soil and road dust. In the case of Sources 3 and 4, there are strong
associations with L3 and L9 NOé that are difficult to interpret. It appears that the high
concentrations of the ionic species dominate the elemental values and do not clearly
sort out into patterns that can be associated with real source emissions. Thus, in each
case, the results will be discussed in terms of these source categories without the
direct association of them with actual physical source types.

Source 1 contributes significant amounts of PM-2.5 NH4 L9, NO5 L3, and
NQO4.9. Source 2 mainly contributes PM-2.5 SO4-, NH4 L5, and NOg L3. This source
alsg involves marine aerosols. Source 3 involves a large amount of PM-2.5 NOg L3,
accompanied by crustal materials and seasalt. Source 4 includes both fine particulate
NOs5 and seasalt. Source 5 mainly accounts for PM-2.5 NH4 L5 and NO3 L3, plus a
small amount of NO3 L9. The contributions of the sources to the individual elements
are presented in Table 4.3.17. The mass contributions of each source to each sample
are given in Table 4.3.18 and the average contributions for each of the days for which
samples are available are given in Table 4.3.18.

A 4-factor model was the best model that could be developed to describe the
source contributions for the samples collected at the Claremont site (Table 4.3.20).
Source 1 contributes mainly PM-2.5 SO4~, NH4 L9, and a significant amount of S04
and NOj L3. Source 3 contributes significant amounts of NOj3 L9 and NH4 LS. The
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TABLE 4.3.16. Source profile (iug of components / pug of particle) for PM2.5 aerosols

collected at Burbank.
Species Source 1 Source 2 Source 3 Source 4 Source 5
NH7{ L5 0.000 0.272 0.000 0.092 0.425
NH; L9 0.429 0.013 0.000 0.040 0.014
NG; L3 0.245 0.163 0.802 0.455 0.295
NO; L9 0.234 0.057 0.074 0.372 0.153
SO% 0.061 0.463 0.038 0.000 0.045
Ba 0.002 0.000 0.001 0.001 0.001
Ca 0.000 0.001 0.008 0.002 0.012
Fe 0.007 0.001 0.012 0.003 0.018
K 0.008 0.002 0.004 0.003 0.004
Mg 0.003 0.002 0.005 0.002 0.001
Na 0.000 0.023 0.030. 0.024 0.000
P 0.001 0.000 0.000 0.000 0.002
Si 0.008 0.000 0.017 0.001 0.019
Ti 0.000 0.000 0.002 0.000 0.001
Zn 0.001 0.003 0.006 0.003 0.009
TABLE 4.3.17. Source apportionment (pg/m*) for samples collected at Burbank.
Avg Pred Avg Obs Avg %

Species Source 1 Source 2 Source 3 Source 4 Source 5 Contrib Contrib

Error

NH;U 421E-06 476E+01 267E-05 .20SE+00 .188E+01 .68SE+01 .T14E+01 40.3

NH{ L9 388E+01.227E+00 668E-04 BI9E-0L .638E01 .427E+01 439E+01 7.5

NO3 L3 .221E+01 .286E+01 .305E+01 .101E +01 .130E + 01 .104E+02 .130E+02 66.5

NO3 L9 .212E+01 998E+00 .281E+00 .827E+00 .67SE+00 490E +01 SO2E+01 563

SO,  SS4E+00 B12E+01 .146E+00 .138E-03 .200E+00 902E+01 06E+01 2.5

Ba 137E-01 970E-08 359E-02 248E-02 306E-02 .228E-01 .IS8E-01 380.2

Ca 423E-02 236E-01 297E-01 474E-02 S33E-01 .116E+00 .120E+00144.1

Fe 64TE-01 218E-01 462E-01 S82E-02 .M1E-01 218E+00 215E+00 21.6

K T48E-01 266E-01 .IT2E-01 .60SE-02 .198E-01 .144E+00 .122E+00 42.3

Mg 266E-01 287E-01 .190E-01 S32E02 346E-02 831E-01 .706E-01 64.1

Na 235E-05 .402E+00 .113E+00 S42E-01 .152E-03 ST0E+00 .449E +00122.7

P B39E-02 987E-03 .189E-02 .144E04 ,101E1 .214E-01 .19E-01 66.6

Si T6SE-01 .693E-05 .G40E-01 .166E-02 838E-01 .226E+00 233E+00 64.6

Ti 107E02 408E-02 838E-02 .740E03 498E-02 .192E-01 .220E-01 3818

Zn GO0TE-02 SOTE-01 .238E-01 .733E-02 .384E-01 .126E+00 .124E+00109.6

AVERAGE ERROR ROWS AND COLS = 104.7%
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TABLE 4.3.18. Source contribution for samples collected at Burbank.

neiL-£A

Start Time Ead Time Source 1 Source 2 Source 3 Source 4  Source 5 Total Mass Total Mass
Julian  Qulian  (ugm))  (sgm)  (ugmd) (wgm®  (ugm®y  Predicted Measured
day) day)

169.000  169.209 0.251 6.326 14.389 5.150 0.000 26.116 23.556
169.208 169371 0.697 8428 24921 1.7%4 8.179 41119 43123
169.375  169.536 1.082 19.567 31.559 0.000 0.000 52208 49.654
169.542  169.704 0.547 19.868 21.669 0.000 0.000 42.084 36.057
169.708  170.002 0.500 13.467 9.964 4.406 0.000 28.337 28478
174.000  174.209 1516 55.398 0322 0.000 5.269 62.505 43.433
174208 174370 1.603 56.389 5776 2655 8.090 74512 75.029
174375 174539 1.481 67.039 9.558 0.000 221 80.299 86.599
174542 174.704 1.691 73.916 4808 0.000 2436 82851 82716
174708  175.001 1.152 30.464 0.976 9.631 6.402 48.625 46.441
175.000 175209 1.452 41.038 0.000  24.469 4629 71.588 63.867
175.208  175.367 1.897 48.856 0.000  25.029 9823 85.605 79.718
175378 175540 1373 52397 10.761 0.668 6.778 71976 84.039
175.542  175.705 1.330 54.632 6.588 0.000 2224 64.774 60.714
175.708  176.000 0.874 22654 0.000 15.169 212 40.819 42116
193.000  193.206 0222 839 0.000 2749 0.640 12008 16.731
193.208 193372 0.272 10.465 0.000 10.467 5.904 27.108 31.884
193375 193.537 0316 16.944 6.040 0.000 5.025 28.325 31.797
193.542  193.705 0.270 11.909 8.975 0.000 8814 29.968 28.465
193.708  193.998 0272 3.331 2953 3.804 0.000 15.863 13.880
194.000  194.206 0.401 12940 0.000 5.955 0.593 19.388 19.206
194.208 194371 0.866 24124 0.000 11.990 5.ns 42698 39.714
194375 194.539 0.973 40.840 4.378 0.000 6.177 52368 55.952
194.542 194704 0.726 29.537 5323 0.000 5.904 41.390 36.546
194.708  194.999 0.584 16.658 0.000 5.030 2586 24.858 27.449
195000 195207 1.031 31338 0.000 132 3536 43.727 40.655
195208 19537 1.086 31196 0.000 11.565 7.085 50.903 52281
195.375  195.538 1.301 49.175 1.037 0.000 7.942 59.455 65.155
195.542  195.705 0.803 28321 10.649 0.000 9.828 49.598 48.037
195.708  195.996 1122 31.647 0.000 14.972 371 51.452 49.649
238000 238207 0.826 19.905 0.000 11.576 0.000 32.307 32478
28208 238372 0.626 19.232 1.944 2241 4509 34.552 49.614
238375 238534 0.870 19.582 9.206 13.321 4985 47964 52027
238.542  238.705 0.500 16.333 13.880 0.000 1.287 32,000 33.671
238708 239.000 0.656 18.037 1.326 2427 3424 25.869 28.986
239000 239.206 0.588 17323 0.000 5.484 5.788 29.182 30.954
239208  239.374 0.888 17.408 0533 10.993 8.120 37.944 49.809
239.375  239.552 0.789 2191 14.063 3352 8399 48.794 58.907
239.542 239.708 0.929 30.374 14.060 0.000 5.112 50.475 471.575
239708 239.958 0.827 16,833 0.000 13378 0.000 31.038 34437
240.000  240.207 1.082 18.349 0.000 17.137 0.000 36.568 39.508
240208  240.372 1.671 30.060 0.000 24.341 5.441 61.513 . 58785
240.375  240.538 0.689 5333 8.814 9.290 7.767 79.883 82571
240542 240.706 0.928 66.472 2941 0.000 0.000 70.341 69.514
240708 241.000 0.781 36.660 0.000 2.104 2556 48.100 48477
244000 244211 1.042 0.799 3.7%0 0.00¢ 11.007 16.629 20.992
244208 244371 0.262 0.000 13.362 0.000 20.5%0 34.214 30.935
244375 244.539 0322 2989 14.986 0.000 19.092 37.338 26.915
4542 244705 0.366 6.765 12785 0.000 6.452 26.368 26.631
244708 244997 0.336 10.535 8.739 0.000 4.986 24.595 24.306
245000 245205 0.494 14.406 2.090 4743 5321 27.053 27.804
245208 245372 0514 13.937 1.235 6.662 8514 36.862 37.631
245375 245538 0.674 25.488 15.185 0.000 6813 48.165 49.713
245.542  245.705 0.733 27,909 12382 0.000 3.501 44525 37.213
245708  245.997 0.388 26.894 0.965 4013 0.899 33.658 35.133

Avgmas (pgm}) 0836 26448 6226 5462 5021 43991 44319
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TABLE 4.3.19. Daily average source contribution for samples collected at

0E4-£6

Burbank.

Sampling Period Source | Source 2 Source 3 Source 4 Source 5 Total Mass Total Mass
(Julian day) (uglm’) (ug/m3) (ug/mJ) (uglmJ) (pg/m’) Predicted Measured
169 0.615 13.531 19.920 2270 1.636 37.973 36.174
174 1.489 56.641 4,288 2457 4.884 69.759 66.844
175 1385 43918 31.470 13.067 5.115 66.953 66.091
193 0.270 11.309 3.5%4 3.404 4.077 22.654 24551
194 0.710 24.320 2020 4,595 4.196 36.340 35773
195 1.069 34.335 2337 6.872 6.414 51.027 51.155
233 0.695 18.618 6.471 5913 2841 34.538 39.355
239 0.804 20.826 5.732 6.641 5434 39.487 44.336
240 1.030 40973 2351 11.774 3153 59.281 59.771
24 0.465 4.216 10.732 0.000 12426 27.839 25.956
245 0.661 21.727 7.571 3.083 5.011 38.053 37.499
Avg mass (pg/m*) 0.836 26446 6226 5462 5021 43991 44319

TABLE 4.3.20. Source profile (g of coﬁlponents / g of particulate samples) for
PM2.5 aerosols collected at Claremont.

Species Source 1 Source 2 Source 3 Source 4
NH{ L5 0.000 0.439 0.087 0.111
NH; L9 0.201 0.059 0.190 0.065
NO; L3 0.104 0.172 0.000 0.596
NO; L9 0.000 0.000 0.522 0.000
SO7 0.576 0.200 0.131 0.180
Al 0.004 0.010 0.005 0.005
Ba 0.002 0.001 0.000 0.000
Ca 0.008 0.010 0.011 0.001
Cu 0.019 0.010 0.003 0.010
Fe 0.009 0.019 0.009 0.006
K 0.007 0.008 0.005 0.002
Mg 0.003 0.004 0.003 0.002
Na 0.033 0.013 0.011 0.009
P 0.002 0.002 0.000 0.001
Si 0.011 0.025 0.012 0.012
Ti 0.002 0.002 0.001 0.000
Zn 0.019 0.026 0.010 0.000

4-25



TABLE 4.3.21. Source apportionment (pg/m’)for samples collected at Claremont.

- AvgPred AvgObs Az %
Species  Source1 Source2 Source 3 Source 4 Contrib  Coatrib  Error

NHY LS .341E-04 .307TE+01 .83SE+00 .195E+01 585E+01 .686E+01 6519
NHY{ L9 .3SIE+00 .415E+00 .I183E+01 .115E+01 374E+01 .382E+01 97.3
NO3 I3 .181E+00 .120E+01 .SS7E-06 .105E+02 .119E+02 .120E+02 245
NOj L9 .542E03 .129E-02 S02E+01 .173E-03 S02E+01 .499E+01 320

soy J01E+01 . 140E+01 127E+01 316E+01 .682E+01 .697E+01 143
Al 694EQ2 .T24E-01  493E-01 .834E01  217E+00 214E+00 1083
Ba 320E02 7TIE02  662E-05 4L3E-02 .I51E-01 1HE01 1594
Ca .146E-01 69SE-01 .106E+00 .211E-0t .211E+00 207E+00 55.7
Cu 326E-01 .705E-01 .329E01 .I73E+00 .305E+00 .277E+00 4171.0
Fe J48E-01 .136E+00 .840E-01 .108E+00 .342E400 .339E+00 267
K JA25E-01  .S31E01  S27E-01  410E-01 .159E+00 .1S0E+00 29.6
Mg 602E-02 2NEO1 3M3E01  333E01 979E01  899E-01 S4.3
Na ST7E-01  .892E-01 .103E+00 .155E+00 40SE+00 342E+00 403.0
P 219E-02  112E-01 .177E02 .109E-01 .267E-01 .257E-01 327
Si J198E-01  .172E+00 .114E+00 203E+00 SI0E+00 .SO0E+00 334
T 304E-02 .111E-01 .728E-02 .707E02 .285E-01 .279E-01 2541
Zn 331E-01  18tE+00 969E-01 675E-03 .311E+00 315E+00 103.6

AVERAGE ERROR ROWS AND COLS = 370.8%

4-26

falal BN o7 o)



TABLE 4.3.22. Source contribution for samples collected at Claremont.

Start Time End Time Source 1 Source 2 Source3 Source 4 Total Mass Total Mass
(uliaa  (Juian  (ugm®) (ugm®)  (ugmd)  (ugm?)  Predicted Measured
Day) Day)

169.000 169.213 4.702 2581 5.789 5.836 18.908 33.787
169.208 165382 0.000 8.003 6964 20825 35.792 41.217
169375 169525 2016 2979 2989  20.161 28.146 33853
169542  169.70t 8.747 0.046 3.497 13.266 25.556 28.965
169.708  169.999 5.873 2685 4282 834 21.643 27.011
174.000 174.208 6.863 0.000 11.704 21,157 39.724 40.217
174208 174374 0.000 0.000 18332 23,550 46.882 54.728
174375 174535 23.830 1.0%0 8121 33.175 66.206 74.881
174542 174701 39.233 1139 3375 25.861 70.107 81.381
174.708 174997 13.213 0.000 9.326 18.530 41.569 38.789
175.000  175.202 6.055 0.000 15213 22303 43571 49,077
175208 175374 0.000 4.704 23.943 51.736 85.383 79.866
175375 175534 6.151 0.000 13.885 45.609 65.645 75.176
175.542 175702 10.901 3.224 2557 20.036 36.718 48.699
175.708  175.996 13.048 0.000 6577 15.694 35.319 35373
193.000 193209 1.833 4,166 1.562 0.151 7712 12160
193208 193372 0.000 13.37 12176 26.224 51717 38.166
193375  193.535 0.000 13.201 0.000 3.798 16.999 29.053
193.542  193.701 9.461 5.033 0.869 10.351 25.714 37.890
193708 193997 1.959 2395 1164 43818 10.636 14.330
194.000  194.200 0.000 6322 3522 2428 12272 13.366
194.208 194372 0.000 7397 8.354 17.639 33.389 21.766
194375 194.535 4.352 10.051 0.135 19.165 34.203 38.296
194.542  194.701 34.248 S.164 0.000 13.179 52591 58.630
194.708 134993 11.534 6.738 3.949 8513 30734 28.704
195.000  195.202 0.000 6.898 16.690 16.268 39.856 31.580
195.208 195369 15.447 441 13.961 14.229 43.078 49.861
195375 195.535 21.096 0.000 7.036 17.724 45.856 42472
195.542  195.701 19422 2483 3.753 21.074 48.737 46.469
195.708  195.996 4.650 1583 3.977 13353 23.503 31.432
238000 238210 5.950 0.647 8531 11.610 26.737 35.507
238208 238373 0.000 18.029 19.827 62837  100.693 64.599
238375 238537 0.000 15410 11.867 46.991 74.268 58.585
238542 238701 0.000 4.346 4.974 23.437 32757 55.3%
238708 23899 10.967 3.759 2007 7017 23.750 31.706
239.000 239.202 43813 3391 7.006 8.954 24.164 30.979
239208 239370 0.000 2.169 12177 29.3% 50.742 49.077
239375 239.535 0.000 3.642 4644 32632 42918 50573
239542  239.701 30.130 1.436 1043 24.062 56.671 69.317
239.708 239992 15.462 0.000 7023 16.080 38.565 35.136
240.000 240.201 6.536 0.000 14713 22728 43.977 56.196
240.208 240370 0.000 1.147 24.845 29.546 55538 73.238
240375 240535 20.666 0.000 21173 48.404 90.243 77.661
240.542 240701 63.393 0.000 3114 26.285 92792 75.563
240.708  240.996 42433 0.000 9.962 22384 14.779 56.324
244.000 244.202 0.502 2330 0.651 0.949 4.431 12407
244208 244371 0.000 10.133 0.073 0.000 10.206 23248
244375 244.538 0.000 13.915 0.000 9.951 23.366 25.051
244542 244705 2412 7.209 0.735 2548 12955 29.655
244708 244995 7.654 1.305 1.136 5.835 15.930 25.340
245.000 245.214 5.066 1.283 4.191 6.532 17.073 27.211
245.208 245350 1.635 5.856 5.742 14.189 27.432 45.278
245375 245551 0.000 0.629 2455 28313 31.397 45.814
245.542 245697 15.907 1.598 0.803 8.890 27.198 29.013
245708 245993 8,132 0.000 4.362 8,108 20.602 20.465

Avg Mass (ugim¥) 9215 4050 7184 18876 39324 42847
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TABLE 4.3.23. Daily average source contribution for samples collected at

Claremont.

Sampling Period Source I Source2 Source 3 Source 4 Total Mass Total Mass
(Julian Day) (g}  (wgm)  (ugm®  (ugm’)  Predicted Measured
169 4268 3253 4704 13784 26009 32967
174 16628 0444 10371 25455 52897 57999
175 1231 158 13435 31076 53327 57438
193 2650 762 3214 9068 22555 26320
194 10127 7134 3192 12185 32638 33362
195 1213 3070 9484 16530 41206  41.563
273 3383 8438 9441 30378 SL641  49.158
239 10081 3927 6319 ;WS 42612 47816
240 %606 0229 14761 29369  TL4s6  61.797
244 2114 6978 0.529 3357 13477 2140
245 6150 1873 3511 13207 24740 33556
Avg Mass (pgm®) 9215 4050 7.184 18876 39328 42847

TABLE 4.3.24. Source profile (jLg of components / lLg of particulate samples) for
PM2.5 acrosols collected at Rubidoux.

Species Source 1 Source 2 Source 3
NH; LS 0.520 0.000 0.457
NH; LS 0.035 0.158 0.055
NO; L3 0.000 0.352 0.297
NO; L9 0.099 0.372 0.123
SO; 0.138 0.089 0.056
Al 0.031 0.000 0.001
Ca 0.060 0.005 0.000
Cl 0.001 0.007 0.000
Fe 0.031 0.004 0.002
K 0.011 0.002 0.002
Mg 0.005 0.001 0.001
Na 0.002 0.006 0.003
P 0.001 0.000 0.000
Si 0.063 0.002 0.002
Ti 0.002 0.000 0.000
Zn 0.001 0.001 0.001
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TABLE 4.3.25. Source apportionment (ug/m®) for samples collected at Rubidoux.

AvgPred AvgObs Avg %
Species  Source 1 Source 2 Source 3 Contrib  Coatrib  Error
NHY LS 456E+01 .201E-02 .266E+02 .312E+02 322E+02 211
NH L9 309E+00 S0SE+01 320E+01 .8S9E+01 ST2E+01 122
NO3 L3 434E-03 .113E+02 .173E+02 .286E+02 .273E+02 533
NOj L9 .868E+00 .119E+02 .718E+01 .200E+02 .214E+02 250
sQYy JA21E+01 .286E+01 328E+01 .734E+01 .709E+01 25.2
Al 269E+00 SI9E-03 474E-01 317E+00 333E+00 4556
Ca S24E+00 .152E+00 499E-03 676E+00 .721E+00 261.1
Cl S28E-02 2I6E+00 .205E-01 .242E+00 .200E+00 5635.9
Fe 2Z0E+00 .119E+00 .124E+00 SI13E+00 S04E+00 428.7
K 98SE-01 .TRE01 . 981E01 .269E+00 244E+00 9107
Mg A91E01 439E.01 .385E-01 .132E+00 .117E+400 3239
Na J187E01 .211E+00 .166E+00 .396E+00 .279E+00 313.1
P 937E-02 .128E-01 .192E-01 413E-01 364E-01 1355
Si SS1E+00 670E-01 .I42E+00 .760E+00 .771E+00 166
Ti JA77E01  (107E-01  .142E-01  425E-01 .408E-01 67.5
Zn 988E-02 .381E-01 .616E-01 .110E+00 936E01 2823

AVERAGE ERROR ROWS AND COLS = 560.5%
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TABLE 4.3.26. Source contribution for samples collected at Rubidoux.

Start Time End Time Source 1 Source 2 Source 3 Total Mass Total Mass
(Julian  (Julian (ng/m*) (up'm3) (ug/ml) Predicted Measured
Day) Day)

169.000  169.202 58712 22034 0.000 27.906 277143
169.208  169.383 0.000 41.668 9.777 51.445 66.556
169.375  169.528 4333 39.093 7613 51.038 58.011
169.542  169.703 8,260 40.465 0.149 48.374 34.957
169.708  170.003 4.594 24.704 2382 31.679 32048
174000 174215 0.944 50.531 14.946 66.421 65.582
174208 174357 19.811 72919 5991 98.712 94.193
174375 174.535 4.009 94.112 37030 135151 136303
174542 174.703 5927 25.365 31.818 63.110 67.056
174708  175.004 0.000 46.171 15.753 61.924 65,242
175,000 175200 4,553 53.045 15.535 73.133 2
175.208 175369 11.124 76.340 12982 100.446 66.356
175375 175539 5.219 63.135 41.898 115252  127.398
175.542  175.705 7.083 3.389 17.042 33.014 45.213
175.708  176.003 213 9.642 31.972 44.827 47.217
193.000 193208 3433 14.414 27413 45.260 48.186
193.208  193.367 16.583 28117 6.557 51.257 61.897
193375 193.537 5.042 12.393 34.962 52397 55.700
193542  193.707 4.648 9.587 332712 47.507 57.114
193.708  194.006 4.263 9.608 14.318 23.188 29.056
194000  194.201 2374 0.000 36.276 38.650 29.634
194208  194.367 7.180 14.867 15.542 37.589 39.700
194375 194.540 457 37.140 31.636 73.367 75.711
194542 194.702 4145 29.909 31.162 65.216 69.276
194.708  195.006 1.312 12253 36.292 49.857 49.871
195.000  195.202 0.000 32940 26.875 59.815 55.705
195208  195.368 4.293 50.257 36.598 91.148 83.767
195.375  195.539 1128 41.264 59.143  101.535 98.049
195.542 195,705 1.619 15.589 48.385 65.593 67.841
195.708  196.007 0.000 2347 34.752 37.099 39.700
238000  238.209 3.718 45115 16.401 65.834 67.755
238208  238.365 22949 59.438 16.089 98.476 102227
238375 238536 14.431 65.167 27435 107033 111533
238.542  238.703 12353 26.887 24.360 64.100 79.016
238708  239.009 6.439 10.400 39.517 56.356 56.157
239.000 239201 9.948 26343 374 73.732 14.991
239.208  239.365 34974 53.969 2985 103928  103.180
239375 239537 19.39 16.137 93.717 129245  119.962
239542 239.704 10.619 18.232 63.214 92065 99.159
239.708  240.008 2353 42974 39.647 84974 86.734
240000  240.199 0.247 14,477 52526 97.250 94.793
240208 240383 8523 61.884 47.867 118214 112922
240375 240.540 0.606 36.867 10.173 47646 128578
240.542 240706 6424 7114 39.363 52904 54.693
240.708  241.004 2946 16.055 45.137 64.138 61.368
244000 244213 0.000 40.939 5922 46.861 66.556
244208 244350 48.706 5402 0.000 54.108 45.817
244375 244537 14.193 0.709 0.000 14.902 11.627
244542 244.706 12035 0.000 0.000 12033 11.230
244708 245.008 19822 24.507 28278 72.607 16.871
245000  245.198 10.354 8.503 16.471 35328 36.165
245208  245.368 33.677 21.633 6.045 60.755 67.590
245375 245539 17512 11.048 22626 51.186 53.359
245542 245.706 14478 3.975 18.181 36.634 40.970
245708  246.005 3.088 0.000 26.09% 31184 29.726

Avg Mass (pg/m?) 8860 29701 25420 63981 66556
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TABLE 4.3.27. Daily average source contribution for samples collected at Rubidoux.

Sampling Period Source 1  Source 2 Source 3 Total Mass Total Mass
(Julian Day) (gm?)  (ugmh  (ugm®)  Predicted Measured
169 4612 33593 3984 42188 43363
174 6.138 57818 21108 85064 85675
175 6.238 43210 D86 M3M 762
193 6.794 14824 23304 492 50,391
194 3916 18834 30186 5293 52838
195 1.408 28479 41151 71.038 69.012
238 11.978 41521 24860  78.360 83.458
239 17.457 31931 47.401 96.789 96.805
240 3749 33219 39014 76.042 90.470
244 18.951 14311 6840  40.103 42420
245 16.222 3912  17.384 43017 45562
Avg Mass (pg/m?) 8.360 29701 25420 63.981 66.556

4-31

0EL-E6



last source (4) contributes mainly N03° L3. Sources 2, 3, and 4 do not include
significant amounts of marine aerosols. Tables 4.3.21, 4.3.22, and 4.3.23 provide the
contributions to the individual elements, to each sample in the data set, and to the
average mass concentration for each day, respectively.

Only a 3-factor model could be obtained to account for the source
apportionment of samples collected at Rubidoux (Table 4.3.24). The first source
involves large amounts of NH4?L 15 and SO4~. The second source contributes
significant amounts of NHZ L5, NOg L3 and NO3 L9. All three sources contribute
insignificant amounts of marine acrosols. Tables 4.3.25, 4.3.26, and 4.3.27 provide the
contributions to the individual elements, to each sample in the data set, and to the
average mass concentration for each day, respectively.

4.3.6 Potential Source Contribution Function Analysis
4.3.6.1 Introduction

To address the role of metecrology and source-receptor relationships,
calculated back trajectories have been combined with the data for the 16 IC analyzed
chemical species using potential source contribution function analysis (Ashbaugh et al.,
1985; Maim et al., 1986; Zeng and Hopke, 1989). The Potential Source Contribution
Function (PSCF) is the probability that an air mass with specified pollutant
concentrations arrive at a receptor site after having passed through a specific
geographical area. Air parcel backward trajectories ending at each of the three
receptor sites were calculated by AeroVironment Inc., using a model developed at the
California Institute of Technology (Russell et al., 1983). The model uses a terrain-
following path at 100 meters above ground. The trajectories were computed for each
hour for a 24-hour period. There are 24 one-hour trajectories for each of the 17
intensive study days. Each 4-,5-, 0r 7-hour sample thus has 96-, 120-, or 168-segment
endpoints, respectively, associated with it. The possible source region is subdivided
into an i by j grid array. Let N represent the total number of trajectory segment
endpoints during the study period. If njj endpoints fall into the ij-th cell, the probability
of this event, Ajj, is given by
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P[Ai] = %ij -

In the same ij-th cell, if there are mj endpoints that correspond to the trajectories that
arrived at a receptor site with pollutant concentrations higher (or lower) than some
prespecified value, then the probability of this event, Bjj, is

mij

P[Bii]=-xl—

The potential source contribution function (PSCF) is then defined as a conditional
probability:
pscp =218 _ 1
PlAj)  ny

Grid cells containing pollutant sources should have high conditional
probabilities. Therefore, the conditional probability function, PSCF, that was calculated
based on the substantial number of total endpoints during the study period, will identify
those source areas that have a potential to contribute to the high concentrations of
contaminants observed at the receptor site.

Since the coordinates of trajectories’ data are in the UTM system, the
coordinates were converted into degrees of latitude and longitude. The calculated
PSCF resuits and trajectories were then projected onto Lambert conic projection maps.
The PSCF analyses for the 16 IC analyzed chemical species collected at the Burbank,
Claremont, and Rubidoux sites, plus one computed species, nonmarine S04~, are
described later. All 51 PSCF maps (17 for each of the three sites) have been prepared
and will be individually discussed. In addition, it is helpful to examine the actual
trajectory paths. Thus, the 17 surface wind trajectory plots (one for each day on which
samples were obtained) were produced for the three sites. These plots were for
June 19, 24, 25: July 13, 14, 15; August 27, 28, 29: September 2, 3; November 11, 12,
13: and December 3, 10, and 11, 1987. These trajectory plots are shown in
Appendix B. In order to compare the areas identified in this analysis to known emission
sources, Figures 4.3.1 and 4.3.2 show the 1982 gridded emission inventories for NOy
and SOy, respectively. Figure 4.3.3 shows the locations of the major electric
generating stations in the SoCAB region. Table 4.3.28 provides estimates for the 1974
NHg emissicns from various source types in the basin (Russell et al., 1983).
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FIGURE 4.3.1. Gridded emission inventory values for NO, taken from SCAQMD (1984).
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FIGURE 4.3.2. Gridded emission inventory values for SO, taken from SCAQMD (198
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FIGURE 4.3.3. Map showing the locations of the electricity generating stations in and around the
South Coast Air Basin (SCAQMD, 1984).
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TABLE 4.3.28. Summary of ammonia emissions by source category in the South Coast Air Basin -

FaYa NI o Yo

1974.
Source Category Total Emissions
(kg/day)
Stationary Fuel Combustion
Electric Utility 2590.
Refinery Fuel Burning 679.
Industrial Fuel Burning 928.
Residential Commercial Fuel Burning 429.
Sub Totals 4626. (3.09%)

Mobile Source Fuel Combustion

Automotive 4138.

Civilian Aircraft 152.

Shipping 120.

Railroad-Diesel Oil 90.

Military ' 120.

Off Highway Vehicles 120.

Sub Totals 4742. (3.17%)
Industrial Point Sources 3070. (1.38%)
Soil Surface 23790. (15.9%)
Fertilizer 13060. (8.72%)
Livestock 80210. (53.6%)
Domestic 21226. (14.2%)

TOTAL 149725. (100.0%)

Source: Russell et al, 1983
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4.3.6.2 PSCF Results

Maps were produced to identify the potential source regions of various acidic
species by using the IC species data from samples collected at the three sites during
SCAQS and the backward trajectories computed for each site. The PSCF values were
computed using a 5 km by 5 km grid size comparable to the grid size used in the
trajectory calculations. The 75th percentile values were chosen as the criterion for the
variables examined in the PSCF analyses. .

Because of the high criterion value and the large number of trajectory
endpoints associated with each sample, the statistical precision of the PSCF values for
most of the grid cells is quite high. Only in the eastern section of the area are the
number of endpoints and thus, the statistical precision, relatively low. So, the resulting
high potential cells should reflect the likely emission areas for the species measured at
each site.

Burbank

For Burbank, most of the potential source area grid celis for Cl (Figures 4.3.4
and 4.3.5) were located in the Pacific Ocean. The locations of the potential source
areas in the ocean are extremely similar for both Cl in the two size ranges. Some
differences exist in the land source areas for the two Cl size fractions. Source areas
were identified to the west of Burbank for Cl PM-2.5 but these areas did not contribute
to Cl PM-10. The specific source of fine particle Cl in this area is unknown. However,
high concentrations of Cl are commonly associated with refuse incinerators (Greenberg
et al., 1978a and 1978b).

Most of the high potential source areas (PSCF > = 0.8) for Na PM-10
(Figure 4.3.6) are found in the ocean with only a few cells on land (four of them close to
the Burbank site and one on the coast close to Hawthorne). The nature of the land
sources for Na PM-10 are unknown. These high potential regions are discussed below
in detail.

Most of the potential source areas for SO4 (Figures 4.3.7 and 4.3.8) were
located in the Pacific Ocean. There is only one inland high potentiai source area
(PSCF > = 0.8) east of Burbank, identical to that of Na PM-10. This region contributed
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FIGURE 4.3.4. Cl PM10 at Burbank.
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FIGURE 4.3.6. Na PM10 at Burbank
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FIGURE 4.3.8. SO7 PM25 at Burbank.
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FIGURE 4.3.9. Non-marine SO7 at Burbank.
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S04~ similar to the contributions for Na PM-10. This result suggests that the SO4” is
mostly marine sulfate. The source to the east of Burbank is not readily identified.

Nonmarine sulfate (NMSQg4) in the PM-10 size range (Figure 4.3.9) was
calculated by subtracting 0.25 times the PM-10 Na value from the SO4" value for each
sample. The NMSQy4 represents the anthropogenic part of the total airborne S04~
concentration. It appears from the PSCF analysis that there is very little anthropogenic
contribution to the SO4~ in the particles sampled at Burbank.

By comparing the PSCF results for Na, Cl, S04~, and nonmarine sulfate, it
appears that most of the Na and Cl in particles collected at Burbank are from marine
salts. The sources of sulfate are basically sea salt sulfate and sulfate from oxidation of
gaseous precursors, possibly from ships burning high sulfur il since S04~ appears to
be spatially well correlated with Na. However, such a correlation did not appear in the
principal component analysis.

The potential sources of gaseous SOp (Figure 4.3.10) are mostly land sources
that are partitioned into three areas: one ranging to the west and northwest, another to
the east side, very close to Burbank, and the third along the coast in the vicinity of the
three coastal power plants. The west-side source area has also been identified in the
CI PM-2.5, NH4 L5, NHg, NOg L3, NOg3 L9, NO3 PM-10 maps. The east-side area was
identified in the HNO3, NHZ L5, NH4 L9, NH4 PM-10, NO3 Gas, NO3 L3, NOg L9, NOg
PM-10, NO3 TOT, SO4~ PM-10, SO4~ PM-2.5, and Na PM-10 maps. If the trajectories
for this site are examined (see Appendix B), it appears that during the winter sampling
campaign, the winds were primarily from the north. Because of the range of mountains
around the valley, the trajectories appear to cluster toward the sides of the sampling
site. Thus, these grid cells of high potential for a number of species may be an artifact
of the local terrain and meteorology and really represent particles transported into the
basin by the northerly winds. The third SO2 area is west of Los Angeles, stretching
along the coast. The SOy emission source map (SCAQMD, 1984) shows several
heavy SOy emission sources (> 5 tons/day); one of them falls into the possible source
region for Burbank, with identical location and one of the high potential source areas
identified by the PSCF maps for SO2. By comparing the PSCF maps and the emission
source maps, it can be concluded that the emission source around UTM 3747 km N
and 367 km E (>5 tons/day), identified as the coastal high potential area on PSCF map
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FIGURE 4.3.10. Gaseous SO, at Burbank.
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FIGURE 4.3.11. Gaseous HNO; at Burbank.
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for SOa, contains the three electric power piants (Scattergood, El Segundo, and
Redando) along the coast west of Los Angeles (Figure 4.3.3). The large area of low
emission strength around downtown Los Angeles (>0.5 ton/day) is identified as an area
of moderate potential (0.4<PSCF<0.6) by the PSCF maps of SOz and S0Q4~. The
Valley electric power plant (>0.5 ton/day) at UTM 3787 km N and 367 km E may give
rise to the identified high potential area west of Burbank in the SO2 PSCF map. The
Burbank electric power plant is east of the sampling site and may correspond to the
identified high potential source east of Burbank. However, with the identification of
these local areas for a number of species, it seems unlikely that these power plants are
the source of the variety of identified species. The remainder of the known high
emission sources make no contribution to the SO2 concentrations at Burbank since
they are not located along the paths of the air parcel trajectories leading to the Burbank
site. "

There are two types of major NOy emission sources in the SoCAB, automaobile
traffic and electric generation sources (SCAQMD, 1984). The pattern of high potential
areas in the PSCF maps of gaseous and particuiate NO;:: varies significantly from the
location of major emission source areas as given by the 1982 emission map
(Figure 4.3.1). The PSCF maps show basically the same pattern of a few grid cells of
high potential for gaseous HNO3 (Figure 4.3.11) and gaseous NOé (Figure 4.3.12) to
the east and west sides of the Burbank site. For the three particulate NO3 species
(NOg PM-2.5 L3, L9, and PM-10, Figures 4.3.13, 4.3.14, and 4.3.15) the source areas
of high potential are west and east of Burbank and are quite similar and pronounced.
The major potential source areas for particulate NOg are close to Burbank. These
results provide an indication of possible rapid gas-to-particle conversion of NOy
emitted from vehicles and electric power piants and relatively limited transport of these
species to this site from more distant areas. The area east of Burbank is the major
source area found for total NO3' (Figure 4.3.16). This result indicates that most of the
particulate NOé collected at Burbank may be from the Burbank power plant.

The traffic is much heavier in downtown Los Angeles than around Burbank.
However, high potential grid cells are not found around Los Angeles. Thus, the
emissions from the electric power plants at Valley, Burbank, and Glendale appear to
provide major contributions to the NOy collected at Burbank. The widely distributed,
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FIGURE 4.3.12, Gaseous NOj at Burbank.
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FIGURE 4.3.13. NOj; PM2.5 L3 at Burbank.
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FIGURE 4.3.14. NO; PM2.5 L9 at Burbank.
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FIGURE 4.3.15. NOj; PM10 at Burbank.
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FIGURE 4.3.16. Total NO;j at Burbank.
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moderate potential areas around Los Angeles and Burbank identified in the PSCF
maps (0.2 < PSCF < 0.6) are well correlated with the 1982 emission map (>5 ton/day).
This appears to be NOy resulting from NOy released from motor vehicles. Two of the
major emission sources indicated on the 1982 emission map--one corresponding to the
electric power plants on the west coast and the other corresponding to the downtown
Los Angeles area--are not identified in the PSCF maps based on the 1987 data. This
result could mean that the amounts of NOy emissions from these two sources have
been greatly reduced since 1982, or that the amounts of NOy emissions from these two
sources have been greatly reduced since 1982, or that the material is lost in transit.
Since the coastal power plants were identified as sulfur sources (SO2), it appears that
loss in transit is the primary reason for not observing these areas as high potential
source regions for the NOy species observed at Burbank.

Gaseous NH3 and particulate NH4+collected in the L5, L9, or PM-10 sampling
trains were distributed over land and water areas. For NH3 (Figure 4.3.17), a
particularly strong source cluster is found to be at the northwest side of the Burbank
sampling site. This may be a real emission source or could again be a resuit of the
local terrain/meteorology artifact discussed earlier. Since an emissions map for NHg
was not available, we could not look for the correspondence of this area with physical
sources such as an anaerobic sewage treatment plant or a high population density
area. The large high potential source area for the fine fraction NH4+L5 (Figure 4.3.18)
and NH4 L9 (Figure 4.3.19) and the smaller NH4 PM- 10 (Figure 4.3.20) area west of
Burbank are portions of the high potential area of NHg, so it is possible that they are
emitted by the same source and then combine with the particulate acidic species.
There is a high potential area east of Burbank that contributed to all three particulate
NH4+species collected at Burbank. This source area may also be an artifact region as
previously discussed or may represent a real source. NH4+ L.9 appears to originate from
sources located somewhat geographically different from NH3 or NH: LS because the
high area of NH3 to the west of Burbank was not identified as having high potential for
NH4 L9.



FIGURE 4.3.18. NH; PM2.5 L5 at Burbank.

NoNE . B-.2 2-.4  .4-6  .6-.8  .B-1.

NONE .9-.2 .2-. 4 .4-.6 .6-.8 .8-1.

o8I
Pacific Ocean N

4-48

0cL-€6



FIGURE 4.3.20. NH{ PM10 at Burbank
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FIGURE 4.3.21. Cl PM10 at Claremont.
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Areas in the ocean appear in both the particulate NH4+and the particulate N03'
maps. The areas identified are in the area where off-shore ocean dumping of organic
nitrogen-rich municipal sewage sludge from the metropolitan Los Angeles area has
occurred (Jackson, 1982). Thus, anaerobic processes in the surficial sediments could
lead to the release of NH3 that then might have reacted with acidic particles to
contribute particulate NHI and N03' transported to Burbank. Because of the large
number of trajectory endpoints that fall into the near shore region, it appears unlikely
that this source area is an artifact. |

The PSCF results for the Burbank site show that particulate NOg and NH4
apparently come from similar areas. However, it is unlikely to have sources of both
oxidized and reduced nitrogen. Thus, what is likely to be occurring is the reaction of
NH3 with acidic NOy so that these species strongly co-vary as shown in the PCA
results. Their covariance also causes the PSCF analysis to identify regions that emit
one or the other species to appear to emit both since both species increase and
decrease together. In the case of the marine areas of high potential for both particulate
NH4+ and NOg, it may also be that the acidic material is transported from the land areas
of the basin by off-shore winds. The acidic material then reacts with the emitted NH3 to
form particulate material that is subsequently transported back to the sampling sites by
subsequent on-shore winds. Such transport has been previously reported by Russell
and Cass (1984).

Claremont
High potential source areas for Ci in either the PM-10 or the PM-2.5 size range

are found to spread over the ocean and along the trajectory paths on land toward the
Claremont site (Figures 4.3.21 and 4.3.22). The high potential oceanic sources
obviously contribute marine Cl to Claremont. Since all of the eastward trajectories to
Claremont are from the ocean, all of the inland grid cells along the trajectory paths are
also associated with the high marine Cl concentration and thus become potential
sources for Cl collected at Claremont. Unless there is an opportunity for trajectories
that do not carry marine aerosol to pass over these inland sites, they must have the
same potential as the actual source area. Most of the Na source areas also lie in the
ocean (Figure 4.3.23). The other single cells are all at the edges of the area covered
by the trajectories and may be anomalies.
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FIGURE 4.3.22. Cl PM2.5 at Claremont.
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FIGURE 4.3.23. Na PM10 at Claremont.
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The potential source areas for PM-10 SO4~ include both ocean and land area
(Figure 4.3.24). A band of high grid celis stretches from the ocean through Anaheim
toward the sampling location. Another potential source area is located near the coast
west of Long Beach. There appears to be no high potential areas of PM-2.5 S04~
observed at Claremont (Figure 4.3.25) although there are somewhat enhanced values
in the area of Huntington Beach and south of Long Beach along the coast where there
are known SOs sources. The differences in PSCF patterns between PM-10 and
PM-2.5 SO4 indicate that coarse mode SO4 potential areas are more clearly
observed at Claremont than fine mode fraction sulfate. The coarse mode fraction SO4~
is likely from marine sources and the fine mode fraction sulfate comes from coastal
emission sources.

A potential source area in the nonmarine SO4~ PSCF map (Figure 4.3.26)
stretches from Huntington Beach on the coast to Anaheim. Based on the 1982
emission source map in Figure 4.3.3 (SCAQMD, 1984), this source could be the
Huntington Beach Power Plant (>5 tons/day). The sources west and south of Long
Beach are identified in the emission source map (5 tons/day - 10 tons/day and up) but
are not seen in the nonmarine SO4~ PSCF map. The PM-10, PM-2.5, and nonmarine
S04~ maps suggest that sea salt in the coarse mode is a major source cf the S04~
collected at Claremont. However, the pattern of high potential grid cells on the PM-10
SQ4~ PSCF map does not correlate with that of the PM-10 Na. This result suggests
that the ocean is a source of some of the SO4~ that is not primary sea salt sulfate. This
sulfate may be from the oxidation of dimethyl sulfide (DMS) emitted by the anaerobic
digestion of waste sludge in the surficial sediments. In support of this hypothesis, there
is a distinct source area for SOp (Figure 4.3.27) in the ocean about 50 miles offshore.
Biogenic DMS could be oxidized into SO in transit from the ocean to Claremont.
Another source area is observed near Claremont, which may be due to the Etiwanda
Electric Power Plant.

All of the PSCF values for HNO3 were low over the entire region covered by
the calculated trajectories with the exception of a single grid cell in the ocean
(Figure 4.3.28). No substantial source areas were found for NO3' gas as well
(Figure 4.3.29). For particulate NO5 species, there also seems to be no significant
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FIGURE 4.3.24. SO% PM10 at Claremont.
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FIGURE 4.3.25. SO7 PM2.5 at Claremont.
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FIGURE 4.3.26. Non-marine SO7 at Claremont.
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FIGURE 4.3.27. Gaseous SO, at Claremont.
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FIGURE 4.3.28. Gaseous HNO, at Claremont.
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FIGURE 4.3.29. Gaseous NO; at Claremont.
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areas as the potential sources of NOg L3-a volatile NOg species (Figure 4.3.30).
However, NO:; Lg, the fine fraction nitrate (Figure 4.3.31), has large potential source
areas that can be identified on the NOy emission map (Figure 4.3.3) as the five electric
power plants at Harbor, Long Beach, Haynes, Alamitos, and Huntington Beach. Source
areas for PM-10 NOg are similar to those of NO3 L3, but with fewer high potential grid
cells (Figure 4.3.32). It appears that particulate nitrate can be associated with those
power plants. The trailing of high potential cells into the ocean is likely due to the fact
that all of the trajectories from that area of the ocean cross the region south of Long
Beach. They then must have the same potential as the power plant area. There is also
a source region near the Claremont site that corresponds to the same area as that
having a high potential for SO2. Thus, the Etiwanda Electric Power Plant may be the
source of NOy that is oxidized to the observed NOy as well as SOs. Also, total NO3
does not show high potential cells (Figure 4.3.33), presumably because of the effect of
the gaseous species on the overall NOé potential values.

The NH3 PSCF map (Figure 4.3.34) identifies two land areas and one marine
region. The land sources are located to the east of Claremont and in the Huntington
Beach area. The source in the Claremont area may be emissions from the large
feedlot near Chino (Russell et al., 1983) that are transported to Claremont by the
circulating winds such as those observed on September 2, 1987. The Huntington
Beach Power Plant could be a source. The marine high potential area may again be in
the area of disposal of sewage sludge. The PSCF map for NH4+L5 is similar to that of
HNOQg3 with one strong source area close to Claremont (Figure 4.3.35). NHJL L5 is the
volatile fine particle species that might be released by the dissociation of NH4NOg3, and
thus the covariance of NH4+ L5 and gaseous HNO3 may be due, in pan, to processes
occurring within the sampler.

NH4+ L9 has a very different potential source pattern from that of NH: L5
(Figure 4.3.35). The NHI L9 PSCF map (Figure 4.3.36) has an almost identical
potential pattern as that for NOg L9. Most of the potential NH4+L9 sources are around
the coast and offshore. Therefore, the NH‘;;+ L9 may result from gaseous NH3 being
transported from the marine source areas and then reacting with HNO3 that results
from the NOy emissions from the five electric power plants on the coast. In
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FIGURE 4.3.30. NO; PM2.5 L3 at Claremont.
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FIGURE 4.3.32. .JO; PM10 at Claremont.
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FIGURE 4.3.33. Total NO; at Claremont.
B e

NONE -2 2-.4 .4-.6 .6-.8 .B-1.

Pacific Ocean \

4-58

0EI-€6



FIGURE 4.3.34. Gaseous NH, at Claremont.
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FIGURE 4.3.35. NH; PM2.5 LS at Claremont.

NONE .8-.2 2-.4 4=.06 .6-.8

Pacific Ucean §§>

2
R
@

4-59

0cL-€6



FIGURE 4.3.36. NH; PM2.5 L9 at Claremont.
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Figure 4.3.37, the NH4+ PM-10 map shows high potential grid cell clusters similarly to
those shown in Figure 4.3.36 for NH4+ L9. In summary, three clusters of majer land
source areas and an oceanic source area contribute to most of species that control the
acidity of the particles collected at Claremont. One cluster is in the area where the four
electric power plants (Harbor, Long Beach, Alamitcs, and Haynes) are located. The
second cluster is the band stretching from the Huntington Beach Power Plant toward
Claremont. The third source area is very close to Claremont and may be due to the
Etiwanda Electric Power Plant.

Based on the PSCF results, sequences of source emission, atmospheric
conversion, and transport may be reconstructed as follows:

1) The emissions released from the four power plants contain gaseous SO2
and NOy. During transport, gaseous SOs is oxidized into H»SO4 and subsequently
undergoes dry deposition or reaction with gaseous NHg to form (NH4)SO4. Gaseous
NOy may behave analogously. Gaseous NOy undergoes rapid gas-phase conversion
into HNOg that can then react with NH3 to produce particulate NH4NOg3. By the time
the air parcels arrive at Claremont, the gaseous species are no longer detected.
Therefore, this cluster of sources contribute only particle NH4+and NO3' . The secondary
S04 from oxidation of SOz is well mixed with the marine SO4-, and is not clearly
recognized by the PSCF analysis as from an anthropogenic source.

2) The emissions from the Huntington Beach Power Plant include gaseous SO»
and NOy. During transport, the gaseous species are either dry deposited or converted
to particulate species. When the air parcels get to Claremont, only the particulate
species are detected. The anthropogenic SO4~ can be distinguished from the marine
SO4- by the PSCF analysis of nonmarine sulfate. Therefore, this source area
contributes particulate anthropogenic SO4~, NO3, and NH4to the Claremont site.

3) The Etiwanda Electric Power Plant emits gaseous SOz and NOy, but
because of its close proximity to the sampling site, it makes only small contributions to
the SO4~ and NOg species.

4) The ocean source areas contribute both primary sea salt, such as NaCl and
SO4", as well as secondary SO4~ and SO» from the oxidation of DMS released from
digestion of waste sludge.
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Rubidoux
There are several high potential marine source areas for PM-10 Cl with a large

cluster of grid cells in the ocean close to Santa Catalina Island (Figure 4.3.38).
Howaever, the same areas do not appear in the PM-2.5 Cl map (Figure 4.3.38). There
are also scattered source grid cells to the north of Rubidoux, and to the east of
Anaheim. There is a concentrated area that is very similar for both Cl size fractions.
Based on the PCA model for PM-2.5 aerosols, there are two factors, the 3rd and the
ath, that involve Cl. Cl correlates with gaseous HNOg on the 3rd factor and with Na on.
the 4th factor. However, according to the PSCF map for HNO3, the source area
appears to be further south along the coast rather than in the C! source east of
Anaheim. There is a colocated high potentiai region for NH4 in the same area as the
Cl region southeast of Anaheim. The nature of this high potential area in the vicinity of
Anaheim cannot be identified on the basis of the information that is currently available.

The observation that there are no significant marine source areas of fine
fraction Ci is very different from the patterns observed at Burbank and Claremont in
which Cl PM-2.5 has very similar maps to those of Cl PM-2.5. Almost all potential Na
PM-10 source areas are found in the ocean with one spot near Rubidoux that could be
a result of local sail sources (Figure 4.3.40).

Figure 4.3.41 shows that the ocean could be the sole source of SO4- PM-10
because the high potential source grid cells in this map are gither in the ocean or close
to the coast. The high potential cells along the coast are too far south to be Huntington
Beach Electric Power Plant and do not correspond with a SO source on the 1982
emissions map. Thus, we cannot directly attribute this area to a known anthropogenic
source. A similar pattern is observed for S04~ PM-2.5 shown in Figure 4.3.42, except
there are fewer high potential grid cells in this figure. The nonmarine SO4~ map
(Figure 4.3.43) confirms that the high potential grid cells for PM-10 or PM-2.5 cannot
be directly related to any anthropogenic source. The high potential source area on the
coast in the PM-10 and PM-2.5 SO4~ maps disappears in the nonmarine S04~ PSCF
map suggesting that the sulfate observed at Rubidoux is marine sulfate.
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FIGURE 4.3.38. Cl PM10 at Rubidoux.
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FIGURE 4.3.39. Cl PM2.5 at Rubidoux.

NGNE

Pacific Ocean \

FIGURE 4.3.40. Na PM10 at Rubidoux.
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FIGURE 4.3.41. SO? PM10 at Rubidoux.
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FIGURE 4.3.42. SO7 PM2.5 at Rubidoux.
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FIGURE 4.3.43. Non-marine SQ7 at Rubidoux.
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For SOy, the high potential source cells are widely dispersed (Figure 4.3.44).
There are several high potential grid cells to the north and east of the sampling site.
Emission sources located in this area are the San Bernardino Electric Power Plant
(>10 tons/day) and the Highgrove electric power plant (>5 tons/day). A couple of
smaller emission sources (>0.5 tons/day) north and northeast of Rubidoux might also
contribute gaseous SOo. There are a number of areas of high SO» potential observed
in the offshore area that could again represent emission of DMS from the sewage
sludge in the surficial sediments. These results would suggest the need for
measurements of the fluxes of reduced gas-phase species (DMS and NH3) in these
areas to confirm or refute this hypothesis.

As discussed above, there is a large cluster of HNOg high potential cells along
the southern coastal area trailing off to the south into the ocean (Figure 4.3.45). The
coastal part of this region is in the same area as seen in the particulate SO4™ although
it does not appear in the nonmarine sulfate. In this case, the gaseous HNOj3 is
transported much further than was observed for the other two sites. The origin of the
HNOgj is thus uncertain. Several clusters of high potential HNO3 cells are observed in
the Los Angeles area by the PSCF map for Rubidoux, whereas the maps for Burbank
and Claremont do not show any high potential cells in this NOy source area. The other
potential sources correspond to anthropogenic activities such as the power plants at
Redondo, El Segundo, Scattergood, and Long Beach, etc. These emissions are all
brought to Rubidoux by trajectories through the channel between the Chino Hills and
the Santa Ana Mountains.

The high potential areas for gaseous NOg, total NOg, PM-2.5 NO3 L3, L9, and
PM- 10 N03' are rather widely distributed (Figures 4.3.46-4.3.50). However, aithough
the PSCF analysis for the N03' species does not indicate strong source clusters in the
entire trajectory region, there are patterns of moderate probability that follow the line of
trajectories that move from the ocean past an area where there are power plants along
the coast and carry the air from the coast to Rubidoux. It appears from these maps that
the cluster of power plants in the Long Beach area and the Huntington Beach Electric
Power Plant make noticeable contributions to the observed NO3 concentrations.
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FIGURE 4.3.45. Gaseous HNO, at Rubidoux.
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FIGURE 4.3.46. Gaseous NO; at Rubidoux.
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FIGURE 4.3.47. NO; PM2.5 13 at Rubidoux.
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FIGURE 4.3.48. NO; PM2.5 L9 at Rubidoux.
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FIGURE 4.3.49. NO; PM10 at Rubidoux.
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FIGURE 4.3.50. Total NO; at Rubidoux.
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The most significant NH3 source area observed at Rubidoux was found to be
the strong spot about 20-35 miles southwest (Figure 4.3.51). This high potential area
is shifted from the known large feedlot south of Chino that does not appear as a strong
area in PSCF analysis. This shift could have been caused by air recirculation or by
possibie errors in the trajectories.

The high potential source areas of NH4+ L5, the volatile fine particle NH4+,
appear to be distributed along the primary pathways toward the ocean (Figure 4.3.52)
in a similar manner as the N03' particulate species. Only moderate-valued cells are
observed for the fine fraction NH4+PM-10 sources (Figure 4.3.53). Some areas in the
ocean have high potential for being the NH4+PM-10 source (Figure 4.3.54). However,
these areas are in different locations from those for NH4 LS or L9. The PM-10 NH4+
appears to primarily come along the southern pathway past Huntington Beach, but
somewhat further south than the area observed for the L5 species. The single grid cell
in the Chino feedlot area does appear as a high potential area for all of the particulate
species. Thus, this source does affect the particulate NH4 behavior but not the
gaseous NH3 map. Since a substantial excess of NHg3 is needed to inhibit the
dissociation of NH4NOg, the observed behavior is not easily understood.

In summary, the sources that emit acidic aerosols to Rubidoux are classified as
three major clusters of land sources and some marine sources. The first cluster of
sources is from Los Angeles and the three power plants along the coast west and south
of Los Angeles. The second source is the Huntington Beach Electric Power Plant. The
third cluster is the feedlot located around Rubidoux.
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FIGURE 4.3.51. Gaseous NH, at Rubidoux.
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FIGURE 4.3.52. NH; PM2.5 L5 at Rubidoux.
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FIGURE 4.3.53. NH; PM2.5 L9 at Rubidoux.
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FIGURE 4.3.54. NH; PM10 at Rubidoux.
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S. SUMMARY AND CONCLUSIONS

In this study, we applied various techniques to try to identify the sources of acidity in
the South Coast Air Basin of California. These techniques inciuded graphical analysis, box
modeling, deterministic modeling, and receptor modeling. We used the SCAQS database,
which is the most comprehensive database available to date. Some of the techniques were
applied in all the episodes; i.e., both summer and winter, while others were applied only for
the winter episode, which was a high aercsol episode.

The first approach we used was the graphical, which may be called a “preliminary
analysis” method. We wanted to investigate whether simple graphical techniques could be
used to understand the causes of complex phenomena--like increased acidity--and quantify
them, if possible. In the “preliminary analysis" a good association between high SO,
concentrations and high sulfate levels was observed at Long Beach and Hawthorne,
especially for relative humidities above 50%. However the relationship is not obvious, which
means that other phenomena, rather than chemistry and direct emissions, could be
responsible for the observed sulfate at that site; e. g., transport from distant sources, or a
combination of photochemical activity and transport.

High concentrations of sulfates and nitrates in receptor sites--like Claremont, Los
Angeles and Rubidoux--were observed during the noon and afternoon hours during the
June and August episodes, indicating that photochemical activity is the main source of
acidic species during those episodes. Trajectory analysis aiso supports this conclusion.
Using trajectory analysis, source and receptor relationships were also identified. The
trajectory analysis showed that pollutants emitted in the coastal areas, where most of the
big stationary sources are located, were transported inland. During this transport,
photochemical activity in the gas phase, and reactions in the aqueous phase, most likely
transformed NO, to HNO; and SO, to H2S0,. The trajectory analysis, while a preliminary
graphical tool, was also used as Part of the more advanced deterministic modeling
techniques, as well as receptor modeling methods.

In general, graphical methods can reveal qualitative information about the origin of
the problem of acidity in the South Coast Air Basin, but cannot be used to extract
quantitative information, unless the spatial and temporal resolution of the measurements
are substantially finer than those used during SCAQS.



Graphical analysis of organic acids, similar to the one used for sulfates, was not
applied, because the available measurements did not allow us to do so, and because our
knowledge of the sources, emission rates, atmospheric formation and atmospheric removal
is very limited. As a result, we concluded that a useful first step would be to estimate the
overall emission rates of formic and acetic acids in the South Coast Air Basin of California,
the in situ production of the two acids from photochemical reactions and the removal rates
due to dry and wet deposition. Due to the complete lack of information regarding organic
acids, we used a combination of a box modeling technique and a tracer method. Production
of formic acid was seen to be dominated by in situ formation, while for acetic acid direct
emissions predominate. Therefore it is suggested that air quality models need detailed
treatment of the chemical reactions that produce formic acid, as well as accurate emission
inventory for acetic acid. Dry deposition seems to be the major pathway for the removal of
these two organic acids, accounting for about 95% of the removal rates. The maximum
concentrations of formic and acetic acid during SCAQS were 19 and 17 ppb, respectively.
These values indicate that these acids may play an important role in the overall acidity in
Southern California, since their concentrations were found to be comparable to those of
inorganic acids.

The graphical analysis of sulfates indicated that processes other than
photochemical oxidation of SO, in the gas phase are responsible for the high sulfate
concentrations during the December episode. Application of a comprehensive gas-phase
trajectory model showed that the production of sulfuric acid in the gas phase can explain
only 40% of the observed peak sulfate concentrations, while it can reproduce the observed
sulfate levels for dry air parcels. Sensitivity analysis of the gas-aerosol model indicated that
the uncertainty in the model input variables could not explain the cbserved excess sulfate.
In addition, our trajectory analysis indicated that these high sulfate concentrations
coincided with the arrival at the receptor sites of parcels that had passed through a fog
layer the previous night. We speculated that heterogeneous oxidation in fog droplets may
play an important role to high sulfate concentrations. As a result, we decided to develop a
fog model to account for these processes, in an attempt to resoclve this question.
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As part of the fog model development effort, we studied the applicability of Henry's
Law to measured concentrations of ionic species in fog water. Theoretical investigation
indicated that extreme caution should be exercised when Henry's Law equilibrium is
assumed between a bulk fogwater sample and the atmosphere from which the sample was
drawn, because this assumption can lead to a significant bias in the calculations. We have
shown that even if the individual fog droplets, with different chemical composition, are in
equilibrium with the surrounding atmosphere, their bulk mixture is not. Furthermore, the
bulk mixture is supersaturated with respect to weak acids and ammonia. If allowed, the bulk
mixture can outgas these species in an effort to equilibrate with the atmosphere. The weak
acids are expected to deviate from Henry's Law for bulk pH values higher than their pKa
value, while ammonia is expected to deviate under all conditions of atmospheric interest.
Lack of experimental measurements of the size/composition distribution of droplets
precludes a direct intercomparison of the estimated and measured concentrations of weak
acids and ammonia, especially in the pH range 4-7. This deviation is not expected to be as
important for strong acids, like sulfuric acid, and as a result direct intercomparison between
model predictions and measurements can be performed.

The medel that was developed contains gas-phase chemistry, aercsol dynamics
and thermodynamics, aqueous-phase chemistry, droplet microphysics, and wet removal
processes. The purpose of the model development was to study the contribution of fog to
acidic species formation and removal; i.e., the smog-fog-smog cycle. Both aerosol and
droplet size/composition distributions are discretized in size sections and their changes are
followed during the simulation. We applied the modei for a number of test cases, in order to
stress its capabilities, and at the same time, to study theoretically the effects of fog.

The fog increases the sulfate content of the aerosol particles considerably, due to
the aqueous phase oxidation of sulfur dioxide. This increase should be expected in most
urban fog episodes, where a high potential for S(iV) exists. For urban fog episodes of long
duration or fogs in ruraf environments, where the sulfate production slows down after the
first few hours due either to H.0, depletion or pH decrease, deposition can deminate the
chemical processes and sulfate may even decrease. The primary effect of long fog
episodes is the decrease of the total concentrations (aerosol + gas-phase) of hydrochloric
acid, nitric acid and ammonia, due to their transfer in the aquecus phase and the
subsequent enhanced acid deposition.



The fog effects on the aerosol are not uniform over the size spectrum. The sulfate
produced during the fog episodes favers the aerosol particles that have access to most of
the liquid water and these are usually the large particles. In the case considered in this
study the sulfate content of the dry particles larger than 0.5 mm in diameter increases by
130% while for the particles smaller than 0.5 mm it increases only by 45%. Most of the
losses in mass for the other major inorganic aerosol species are concentrated in the larger
particle range with losses around 50% for the >0.9 mm dry particles.

The simulation indicates that aerosol scavenging ratios of around 80% should be
representative for urban radiation fogs. The aerosol scavenging ratio for sulfate should be
less than this average value—70% under the conditions considered in this study--due to
the preference of sulfate for the smaller particles. On the contrary, the ratio for nitrate
should be higher than the average value.

Sampiing and subsequent mixing of fog droplets and aerosol particles with different
sizes may result in measured concentrations that are not fully representative of the
fogwater chemical composition and can introduce errors in the reported values of the ionic
species deposition velocities. The sampling bias will depend on the initial aerosol
size/composition distribution, on the rate of temperature change and on the cutoff size of
the sampling device. The use of a sampling device with a smaller cutoff size does not
guarantee a better measurement in all cases.

In fog modeis where the liquid water depositional fiux is expressed as a function of
the fog liquid water content because of the difference in liquid water distributions during the
growth and dissipation stages, different expressions should be used for these two stages.
The difference in deposition velocities of the major ionic species during fog episodes can
be explained by their different distributions over the droplet spectrum. The existence of a
significant amount of sulfate in small particles before the fog starts results in a relatively
small sulfate deposition velocity during the fog episode.

Application of the fog model showed that the observed sulfate levels are consistent
with our current knowledge of the corresponding aqueous-phase processes, and that
aqueous-phase oxidation of S(IV) by H.O,, O (catalyzed by iron and manganese), and
NO; can indeed produce the remaining 60% of the observed sulfate. Our calcuiations
indicate that the quantity of liquid water associated with the aerosol, as opposed to that
associated with the fog droplets, cannot provide the necessary medium for the production
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of the 'excess sulfate' in the time periods involved during the December episode. Significant
amounts of sulfate are predicted to be deposited during the fog lifetime. The calculated
sulfate deposition rates are approximately 0.264 meq/mZ/day.

The trajectory model was also used to examine the vertical distribution of acidity and
the implications with respect to fog acidity. The model predicted that there is trapping of
SO:; aloft. Despite this trapping, though, the sulfate concentrations aloft were less than 50%
of the ground concentrations. The occurrence of the fog episode near the ground is the
major cause of this behavior, Without taking into account the sulfate production inside the
fog layer, the sulfate concentrations aloft predicted by the model exceed the ground-level
concentrations for most of the day. It was also shown that the potential exists for the gas-
phase production of sulfate aloft and its fumigation later onto the ground during days with
small mixing heights, during the winter. The presence of clouds may enhance this
phenomenon, due to in-cloud sulfate production. The presence of clouds may also
enhance the production of formic acid from formaidehyde dissolved in the cloud water. No
attempt was mads, though, to quantify both the production of sulfate and formic acid due to
the lack of the necessary data.

The fog model used in this study, in contrast to the previous methods, can be
applied to quantify the effects of various sources on acid deposition in California during
episodic conditions. Its main disadvantage is that it is computationally intensive and
requires the knowledge of a substantial number of parameters to give accurate results.
Thus, while it was used for the specific episode during SCAQS, it cannot be used on a
routine basis.

An aiternative methodology to deterministic modeling is that of receptor models, A
number of receptor modeling techniques were applied in the South Coast Air Basin, in
order to examine whether they can be used to explain the Source receptor relationships of
secondary acidic species, and whether their results are in agreement with those found by
the other techniques. Various receptor models of different complexity were used,
specifically, principal component analysis, stepwise multiple  regression, target
transformation factor analysis, and potential source contribution function analysis.
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The first receptor modeling technique used was Principal Component Analysis. A
five-factor model was able to describe the potential sources of PM-2.5 at Burbank and
Rubidoux, while a six-factor model was used at Claremont. The method was able to
recognize that the acidic species are secondary photochemical products, but it was unable
to correlate the species to emissions from primary sources. Since the SCAQS data wers
collected under similar conditions; i.e., those expected to produce high concentrations of
photochemical smog, the variability of the ambient measurements is less than would be
expcted with a more randomized sampling scheme. The principal component analysis
method relies on sample variability to separate sources. Thus, the SCAQS data are not
ideally suited for separating sources by this technique.

The second statistical technique used was the stepwise Multiple Regression. The
resuits of this method were also not satisfactory. The Multiple Regression explained only
half of the variance. The result indicates that the atmospheric transport of the gaseous
precursors and their conversion into particulate phase acidic species tend to decouple
them from the variations seen in any primary particles, making the assignment to emission
sources almost impossible.

We arrived at a similar conclusion by using the Target Transformation Factor
Analysis method. As in the case of the Principal Component Analysis, the results of this
factor analysis method identified up to five "sources,” without being able to make an
association of them with actual physical source types. One important finding of this method
was that, while there is a substantial contribution of marine aerosol at Burbank, there is only
minor contribution of marine aerosol at Claremont and Rubidoux.

To address the difficulties of the traditional factor analysis techniques, and to
account for the role of meteorology we used a more advanced receptor modeling method,
called Potential Source Contribution Function Analysis. The method combined the
trajectory analysis described earlier, with a conditional probability function, to identify the
location of the sources that contribute to the aerosot levels at the receptors of interest.

in contrast to the other receptor techniques, this method was able to identify
possible locations of sources. A substantial fraction of the observed inorganic aerosol at
Burbank and Claremont originates at the ocean and along the coastal line. This is
consistent with the predictions of the deterministic model. While sea salt and sea-salt
sulfate may be of natural origin, there are substantial sources of SO, along the coast. As
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the deterministic model predicted a fraction of the emitted SO; reacts in the gas and the
aqueous phases, thereby producing aerosol sulfate. This receptor modeling technique also
predicted that the high NH{NO, concentrations at Rubidoux are the result of the reaction of
nitric acid generated elsewhere and transported to Rubidoux, with ammonia geherated by
the feedlots at Chino. This prediction is consistent with the findings of deterministic
modeling (Russell et al., 1983).

In summary, we can say that simple graphical and factor analyses can give only
qualitative results regarding the formation, transport and deposition of acidic compounds.
Advanced receptor modeling techniques, like the Potential Source Contribution Function
Analysis, are more capable to isolate the locations of the sources and to quantify their
contribution to aerosol formation. Deterministic modeiing is, though, the major tool with
which we can study the origins of secondary organic and inorganic compounds, their
transport and their deposition. The only disadvantage of deterministic models is that,
because of their demand in input parameters, they can be used only for episodes during
which these parameters are measured.

This study has shown that the main inorganic acids in the South Coast Air Basin are
nitric and sulfuric acids. The contribution, though, of organic acidic species like formic and
acetic acids should not be neglected, since our modeling effort indicated that their
concentrations are comparable to those of the two inorganic species.
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Appendix A.2

TRAJECTORIES STARTING AT LONG BEACH FROM DECEMBER 10, 1987,
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Appendix B

MAPS OF THE TRAJECTORIES TO EACH SITE
FOR EACH SAMPLING DAY DURING THE SCAQS EXPERIMENTS






APPENDIX

Maps of the Trajectories to Each Site
for each Sampling Day during the SCAQS Experiments
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Figure 79. June 24, 1987
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Figure 81. July 13, 1987.
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Figure 83. July 15, 1987.
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Figure 85. August 28, 1987.
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Figure 86. Aug 29, 1987.

<
Pacific QOcean §§>
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Appendix C

A MULTICOMPONENT SIZE-CLASSIFYING AEROSOL AND
GAS SAMPLER FOR AMBIENT AIR MONITORING
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INTRODUCTION

The Southern California Air Quality Study (SCAQS) required a sampler that could collect
gaseous and sized—resolved aerosol samples and that the sampling media could be
changed quickly by an inexperienced technician. Since no commercial sampier met all
the required criteria, a special sampler was buiit for this study based on the latest technol-
ogy. In the process of producing an integrated sampler some changes from the originally
reported techniques were unavoidabie: for this reason, several of the measurement meth-
ods were tested for accuracy. In addition, all nine samplers constructed were tested for
precision.

PARAMETERS MEASURED AND TECHNIQUES USED

Table I shows the measurement parameters required for SCAQS. Figure 1 shows a sche-.
matic diagram of the sampler. Twelve independent sample lines were ntecessary and each
used forty-seven millimeter filters w0 collect samples. These twelve lines were grouped
into four components based on the type of inlet:

Component 1 - Total aerosol. in which an open-face filter hoider was placed un-
der a rain shield

Component 2 - PM-2.5 aerosol (fine fraction), which used a Teflon—coated
cycione for size resolution

Component 3 ~ PM-2.5 aerosol (fine fraction), which used a stiniess sweet
cyclone o remove larger particles

Component 4 ~ PM~10 aerosol with an impactor for obmining the size cut.

Component 1 consisted of two sample lines. Line 1 is a filter pack with 2 Teflon (Gelman
Teflo) front filter and a nylon (Gelman Nylasorb) back filter laid one-on~top-the-other.
The Teflon filter prevents the aylon from plugging. This line measures total nitrate (both
particulate and gas phase). Particulate nitrate is retained by the Tefton filter, while the
aylon filter quamtanvely collects nitric acid in the ambient air or that volatilized from the
frome filter', Nylon filters were not subjected to further penewation evaluations. These
filters are coextracted for analysis by ion chromatography. Line 2 was also a filter pack.
having & Teflon (Gelman Zefluor) front filter to remove particles and a sodium—-carbon-
ste-impregnated cellulose filter (Whatman 41) to collect sulfur dioxide. These filters were
separated using a two-stage hoider. The lacter filter is exuacted and analyzed for sulfate
by ion chromamography. An open-face filter holder to sample ambient air directly was

necessary t avoid adsorption of SO2 in an inlet or aluminum filter holder?. The flow
rate and concentration of impregnating solution was determined by laboratory penetration
studies.
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After passing through a short, half-inch PFA tube inlet to a cyclone® at 22 ipm t© remove
particies larger than 2.5 um, the flow of Component 2 divides into three sample lines
using a manifold constructed of half-inch PFA tube finings (Fluorocarbon). This type of
manifold presents & surface relatively inert to nitic acid and resuits in short retention
times; these features minimize wall losses*. Line 3 quantitatively collects_particulate ni-
tate. It consists of a nitric acid denuder. foliowed by a filter pack with a Teflon (Gelman
Teflo) front filter and nylon (Geiman Nylasorb) back filter: filters are laid one-on-top—
the-other. As with Line 1, both filters are coextracted and analyzed for nitrate. The
denuder is a tbuiar design consisting of ten tubes, 6mm OD, coated with magnesium
oxide to remove nitric acid vapor® and was shown to have adequate efficiency and capac-
ity. Line 4 was similar to Line 3 except that a denuder is not used and the filter holder is
made of Teflon (Savillex) instead of aluminum to minimize nitrate acid wall losses; filters
are again in direct contact. Niwic acid concentrations are determined using the denuder
difference technique’ by subwracting the results from Line_3 (particulate nitrate) from
those from Line 4 (particulate nitrate and nitric acid). Line § measures smmonia and fine
ammonium. Ammonia is removed by a glass wbe (6 mm OD, 30 cm long) coated with
oxalic acid?; flow is limited w 4 lpm to ensure high collection efficiency. The wbes are
extracted with water and analyzed for ammonium. We found it necessary to etch the tube
with concentrated hydrofluoric acid for five minutes rather than the reported 30 seconds
in order to quantitatively remove the gas. For sampler performance testing, these tubes
were not reused. Below the ammonia denuder, an oxalic-acid-impregnated quartz filter
(Paliflex QAO) quantitatively traps fine particulate ammonium for analysis sfer water
extraction’.

The inlet of Component 3 is a high capacity cyclone (110 lpm) necessary 1o obain the
required sensitivity for some of the parameters measured. Since reactive gases are not
measured, a stainless steel cycione ( Sensidyne model 240) is adequate. The cyclone was
greased lightly with Apiezon M t prevent large particle penetration. The cyclone is in a
stilling chamber that consists of a four-liter metal cylinder with the botom open. One
meter of half-inch stainless steel wbing connected the cyclone to an aluminum sampling
manifold (20 cm diameter pipe 10 cm long with end plates welded on). The manifold
splits the fiow into four lines. Line 6 samples at § Ipm through a polycarboaate mem.
brane filter (Nuclepore) to determine the absorption coefficient of the fine particulate
macer'?. Line 7 samples 35 Ipm through a quartz filter which is analyzed by a thermal
volatilization technique“ for organic and elemental carbon. A singie tared Teflon filter
{Gelman Teflo) samples at 35 ipm from Line 8: this filter is analyzed for mass deposition
and trace elements determined by X-ray fluorescence'>!?. Line 9 consists of a Teflon
front filter (Gelman Teflo), which is extracted and analyzed for nitrate, sulfats, chioride,
and ammonium and a quartz back filter (in direct contact with the front filter) which was
analyzed for organic carbon in order o estimate the collection artifact due adsorption
of organic gases by the fllration medium.
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A medium volume PM=10 inlet (Andersen model GMW 254-T) is used for the three
PM-10 sampling lines of component four. An aluminum manifold was used to adapt the
10 om inside diameter of the inict exhaust to three twelve mm stainless steel tubes suit-
abie for the in-line filter holders used. The flow rates were evenly divided at 35 lpm each
to meet the total flow required of the iniet. The manifold was tested for isokinetc split-
ting by comparing mass concentrations determined from the three in-line holders to that
of one filter sampling from another identical PM-10 inler; all concentrations agreed t0
within five percent. Sample Lines 10-12 were identical to Lines 7-9 respectively except
Maqmmbackﬁlterwunotmedonlinem

PHYSICAL LAYOUT

meeunponenuohheamplerarelaidoutinawaGxuinchalmnim:mcabinetas
shown schematically in Figure 2; Figure 3 is a photograph. A high-capacity fan, in
combination with screened louver, circulates air to prevent heat buildup. The temperanure
rise was measured 1o be an acceptable 1°C when ambient temperatures were 33-35°C.
P.tneptfothe4.allinAineﬁltermmmuuminmn(GelnnnpartmmberIZSS):me
openfaafdmmmummdof&ﬂon(s:vmu).mm-ﬁm filters are connected o
their respective sample ports using o-ring fiings (Cajon Ultra-Torr), which allow quick
andatycennedmmdmhnpededﬂow.mmo(meholdmmnhmavmum
mwmwcwm;mmdmwmmmwmmﬁm-
proper connection. The filter hoiders may therefore be easily and quickly removed for
servicing. mamonhdmudumplembummmmdyuwedinamw-
ter-inch PYC pipe. Amﬂp\mppassuairmrmedbyasmauli'htbulb through the
pipewprevuuwuerfrorncondcminginmamdermbe.Pipeandendcapsauzched
before and after sampling prevent breskage of the fragile glass denuder tube. During
mmmmphrmpamwmofmeﬁlmwmmhedmmughlywith
methyl alcohol.

The pumping sysiem consists of thres vacuum manifoids; Components 1 and 2 share one
wl:ilemeponenuSmd4havesepumemmifolds. The exhaust of the pumps is filtered
through a high-capacity, high~efficiency fiiter to prevent carbon comtamination. Separate
Whunpowawbonvmeucuump\mpsmusedformh manifold. These
are housed int a separate cabinet. Sunpleﬂowuougheachlim is controlled by critcal
orifices. Flows are monitored at the inlet of all filter holders immediately before and
after sampling with one of two rotameters. depending on the flow rate. This allows the
detection of leaks and flow rate changes due to filter overicading. The rotameters were
calibraced using 4 mass flowmeter Taceable © NES-standards prior to precision testing.

PRECISION TESTING

The precision testing consisted of two steps. First. a single sampler (the prototype) col-
jected particulate mass on Teflon filters on all sampie lines except Lines § and 6 (the
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flow rates were too low 10 gencrate a mass loading that could be weighed accurately) to
determine whether sampling lines of a given size range (total, PM-2.5 and PM-10) were
equivaient. Next, all nine samplers were operated side by side. measuring all components
as if they were beinig used for SCAQS.

In the first phase, 12 sets of sampies were collected with one sampler for periods ranging
from 4 to 24 hours. Table I summarizes the results, grouping the sample lines by inlet
type. All concentrations were corrected for the median blank of that component. The
greatest variation was between the open face filters; the variation within the other inlets
was within the experimenta! error. Both of the cyciones gave the sarne mass concestra-
tons within the experimental errof. Particle losses through the nitric acid denuder were
not significant. All PM-10 sample lines gave equivalent mass CONCENTrations.

Intheseoondphasc.sixsetsofumplesusingnﬂnhenmplmmeoﬂmd.vim
incmlsnryingfmml.imIZMmmlmmdﬁeMbhnnmmoml-
hmdmmmmmSCAQSml.Ummthﬁeldbhmm
loaded‘mtoxhcsamplerandnﬂowedmmplenmbimairloa;a\oughmobnbhegh-
nmgmumemrvuw.mpunmsmmmmoﬂf«mmmwunkm
justlmgmoughmmdaﬂmmmrﬂm.mﬁeldbhnhmmlh;mbm.ir
for;bomﬁveminmesorabamzmeemofmeshmmmibedmlh;mnl.
The samples were collected in early June during a period of relatively good air quality.
Thispmisimwsﬁngsmdyusosmedulfmumhﬁngmmmudnﬁdm

In order to assess the swmtistical significance of side-by-side data, it is first necessary t©
determine the precision and sensitivity of the analytical method. The overal! dewction
limit is defined as the analytical detection limit or three times the blank variability, which-
ever is the larger, Table I shows the detection limits calculated from the fieid blanks,
assuming nominal flow raies and a collection period of 3.5 hours. Table IV gives the
mean concentrations, the percent of the detection limit compared to the mean concentra-
tion and the coefficients of variation obtained during the side-by-side comparison: aiso
inciuded are typical concentrations for the South Coast Air Basin. Except for absorption
measurements, the detection limits are sll typically less than 20 percent of the typical
concentrations. Except for fine chloride, the mean coefficients of variability are quite
acceptable compared 10 the detection limit percent of the mean concentration; the chlo-
ride concentrations Were extremely low. A more detailed analysis of the sampier variabil-
ity of each parameter showed only ammonia obtained from Sampler § was differing sig-
nificantly from the other samplers. This may have been due to improper auachment of
the denuder tube w the sampling manifold; all technicians were further trained in this
operation.
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CONCLUSIONS

Compact, reliable, and casily serviced gas and aerosol samplers were constructed to mest
the analytical requirements of SCAQS. Methods were based on state-of-the-art
techniques and further vaiidated as necessary, especially with regard to inlet losses and
breakthrough losses of gases and isokinetic sampling of PM~10 particulatz matter. The
mnplenmnhmmizedforpmdsimmdfamdtnbemﬁaﬂyequivﬂem given
the detection limits of the methods used. The SCAQS samplers provide an efficient ap-
pmldammmwingmyofmzmmmmededmmmiemnrqmity.
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FIGURE 3. SCAQS sampler.

10

Aeaesmcm——ta—



TABLE 1. SCAQS sampier measurement parameters and methods.

89-140.1

Observable Method
Gases
50, Impregnated Filter — IC
NH, Denuder Tube — Technicon
HNO, Denuder Difference — IC
Tortal Aerosol Open-Face Fiiter
HNO,, NO3 Filter — IC analysis

10 um Aerosol Fraction
Mass
SO
NGC;
NHI

Size selective inlet
Filter «— Gravimetry -

Filter — IC

Filter — IC

Filter — Technicon
Filter — IC

Filter — XRF

Filter — Thermal Volatilization
Filter — Thermal Volatilization

Cyclone
Filter — Gravimerry
Filter — IC

Denuder — Filter — IC
Denuder — Filter — Technicon
Filter — IC

Filter — XRF

Filter — Thermal Volatilization
Filter — Thermal Volatilization
Filter ~ Spectromerry

11
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TABLE .  Sttstical summary of mass concentrations (blank corrected) for SCAQS
prototype precision testing (ug/m?),

Nominal
Filter Flow

Inle: Position (ALPM) Mean
Total 1 20 42.9
Totai 2A s §5.7
Total Mean 489
2.5 um LC)* 3 10 215
2.5 um (LO) 4 10 23.6
2.5 um (LO) Mean 2.5
2.5 um (HO? 7 7 21.6
2.5 um (HC) 8 37 23.0
2.5 um (HC) 9 37 218
215 m (HC) Mean 2.1
10 s 10 33 40.0
10 11 38 378
10 um 12 38 39.1
10 um Mean 39.0

¢ LC = Low capacity
¥ HC « High capacity

12

TABLE ML Detection laksfar specles collecied by the SCAQS sampler during the sidé-by-side comparison.
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TABLEIV. Summary of SCAQS side-by-side evaluation.

Mean Typical
Corcentration  Detection Mean Concentration
for the Limit® % Coefficient” for the
Evaluation of Mean of Variation SCAB
Line Species Hg/m3 Concentration % pg/m3d
1 Tomal NOj 5 16 9 10
2 S0, as SO% 1 16 21 15
3 PM-2.5 NO3 3 26 7 8
4 HNOy + PM-25N0O; 4 20 11 21
5A NH, as NH} 1 54 42 3
SB PM-25NH] 4 28 30
6§ Bu 200" 40 218 20°
7 PM-250C 1 4 9 15
PM-25 EC 1 39 25 2
8 PM-2.5 Mass 40 43 8 40
PM-2.5 8§ 2 6 6 0.5
9A PM-2.5CI° 0.1 18 43 3
PM-2.5 SO% 5 3 [ 5
9B Organic Artifacts 6 10 3
10 PM-10 OC 13 3 10 20
PM-10 EC 2 20 20 4
11 PM-10 Mass 60 17 5 50
PM-10 Fe 2 2 9
12 PM-10Cl” 0.7 4 11 5
PM-10 SO2 ] 3 7 §

'Mmmumﬁmthmmmumawuduzmpdm
mean valus for the sudy. :

.Munmdﬂdmolmkm-molmmdmtormm.
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Uoss 107 NOTE TO EDITORS

Under the new federal copyright law,
publication rights to this paper are
retained by the author(s).
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