Section 5
Results And Discussion

5.1 Data Presentation

Air monitoring results for the TAPP are summarized for each air pollutant by ste. Overdl
summaries of the 24-h data for each siteare shown in Table 5.1 for PM,, 5 mass and associated €l ements,
Table5.2for PM,, 54, mass and associated elements, Table 5.3 for VOCs (in units of ppbV [Table 5.34
and pg/m? [Table 5.3b]), Table 5.4 for PAHS, and Table 5.5 for pesticides. Although samplesfor carbon
andyss were collected by the dichotomous sampler and not the DFPSS, carbon concentrations were
measured in the fine particle (PM,, 5) mode and are, therefore, summarized with the other fine particulate
matter datain Table 5.1. Presentation of the TAPP data includes formats presented in the community
report for ar pollution data from the LRGVESS. It should be noted that only data above detection limits
are summarized in these tables. This resultsin the minimum, mean, and median valuesin Tables5.1- 5.5
to be higher thanif the data below detection were included, as shown in Table 2.1. Summarizations are
asfollows.

(1) Thenumber of times the pollutant is detected during analyss is the sample number of
detectable values (n).

(2) Thenumber of times the pollutant is not detected during andlysisis the sample number
of non-detectable vaues (ND).

(3) Theminimum vaue (Min) isthe lowest detected concentration for that pollutant.

(4) The mean (or average) of n detectable concentrations for that pollutant is the sum of
detectable vaues divided by n.

(5) Themedian of n detectable concentrations isthe vaue of detectable datathet falsin the
middle when detectable vaues are arranged in order of magnitude. In other words,
about one-haf of the detectable concentrations are |less than the median and about one-
half of these concentrations are greater than themedian. Themedianisespecialy ussful
as ameasure of central tendency to avoid the bias introduced by extreme vaues of the
arithmetic mean when nissmdl or if the data are skewed.

(6) The maximum vaue (Max) isthe highest detected concentration for that pollutant.

The minimum and maximum vaues for a given pollutant provide the range of the data. The sum of
detectable and non-detectable values are the total number of samplesthat are analyzed for that pollutant.
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The continuous, hourly averaged PM,, s dataacquired by the TEOM aresummarizedin Table5.6a
for each ste. The associated meteorological data are dso summarized with the TEOM data. The hourly
data are aso averaged on a 24-h basis and are summarized in Table 5.6b togther with 24-h averaged
meteorology.

Asinthe LRGVESS, the air pollutant data shown in Tables 5.1 to 5.5 for this study were firgt
compared with corresponding hedth/wefare-based screening levels set by the TNRCC; these
hedth/welfare-based screening levels are known as Effects Screening Levels (ESLs). Meanand median
vaues were compared with an annud ESL; maximum values (based on the highest 24-h measurement)
were compared with 24-h ESLs. ESL sare based on data concerning health effects or welfare effects such
as odor nuisance potential, vegetation effects, or corrosion effects. Specifically, ESLsare based on current
stientific literature, including occupationa exposure data, experimenta data, and on-line data bases and
are st at one-hundredth to one-thousandth of the levels a which adverse effects have been observed.
These safety factors are used in ESLsto protect the public, including children and sengtiveindividuasand
to account for long-term exposures. ESLs are to be used for screening purposes and are not ambient air
standards; since the Federal Government has established standards for only six air pollutants, the TNRCC
has developed ESLsto review arborne chemicasfor which there are no sandards. If measured airborne
levels of acertain congtituent do not exceed its respective ESL, adverse hedth or welfare effects are not
expected. If the measured level exceedsthe ESL, it does not necessarily mean thereisahedlth or welfare
problem, but is an indication that further review is warranted (TNRCC, 1997¢). Further review may
incdlude additional comparisons or sampling of ambient levelsin theenvironment. It wasfor thisreason that
the TAPP datain this report are compared with U.S. EPA and other peer-reviewed air monitoring data
bases, not just ESLs, done. Aswith dl toxicity indicators, ESLs undergo periodic, critical review (see
McConndl et al., 1997 as an example) and revison to insure that they are based on current scientific
literature. ESLsrelated to hedlth effectswereused inthisstudy. Findly, VOC ESLsareexpressed in units
of ppbV, only; since presentation of dataand ESLsin unitsof pg/m? isamere conversion from ppbV, this
does not change any of the findings.

The TAPP data were dso compared with contaminant concentrations from other monitoring
sudies. For some pollutants, an extensive database exists, whereas for other pollutants, comparative data
isnot available. The ability to offer interpretation of the levels of ar contamination reported in the TAPP,
with respect to levels found elsawhere, varies by pollutant. Table 5.7 for fine particulate matter and
associated carbonand elements, Table 5.8 for VOCs, Table 5.9 for PAHs, and Table 5.10 for pesticides
show such comparative data taken from the literature. Air pollutants shown in these tables were aso
selected based on availability of comparative data and potentid associations with emissons that may be
occurring in the Lower Rio Grande Vdley.

Fndly, concentrations of pollutantsin precipitation are shown in Table 5.11 for metasand Table
5.12 for PAHs and pedticides. Due to a drought in the Valey during the TAPP monitoring period,
precipitation data were sparse. Thus, dl the precipitation results are presented in these tables dong with
comparison data from the literature.



Tables 5.1 to 5.10 provide a generd overview of how air pollutant concentrations in this study
compare with ESLs and/or pollutant concentrations reported e sewhere. To provide an indication of the
direction from whichair pollutant concentrations were coming, meteorologica dataaong withair pollution
data collected at each site were used in the development of both bar charts and wind sector plots for
selected air pollutants. Bar chart and wind sector plots for air pollutants were devel oped based on their
association with certain emisson sources (as indicated in the Emissions column in Tables 5.7 to 5.10).
These are shown as Figures 5.7 to 5.23 for eementa concentration datain fine particulate matter, Figures
5.24 to 5.40 for elementa concentration data in coarse particulate matter, and Figures 5.41 to 5.65 for
VOCs, each chemical specieislisted in aphabetica order. Thebar chart and wind sector plot for agiven
pollutant collected a a Site are shown sde-by-sde. All three Sites' dataare shown together on one page
for ease of ingpection and interpretation. Datain bar charts and wind sector plots are presented from eight
wind sectors. North (N, 337.6E to 22.5€), Northeast (NE, 22.6E to 67.5E), East (E, 67.6E to 112.5E),
Southeast (SE, 112.6E to 157.5€), South (S, 157.6€ to 202.5€), Southwest (SW, 202.6 to 247.5E),
West (W, 247.6E to 292.5E), and Northwest (NW, 292.6E to 337.5E). Inthe bar chart figures, the air
pollutant concentration data are averaged according to the sector from which the air pollutant is measured
as coming. The number of observations used in developing the average is shown on the top of the
respective bar. The overdl averageis shown as ahorizontd line.

For wind sector plots, air pollution data are displayed in a format Smilar to wind rose plots with
the direction from where the pollutant was coming from being plotted based on a 360€ circle with OE (or
360E) indicating North, 90E indicating East, 180E indicating South, and 270E indicating West. The
meagnitude of each pollutant concentration is proportiond to its distance from the origin of the plot. The
overdl average vaues of the plotted data, shown aslinesin the bar charts, are represented by circles. The
dotted lines are the boundaries for the eight wind sectors divided in the same way as explained for the bar
charts.

5.2 Overall Results

For the air pollutants detected at the three Sites, the vast mgority of air pollutants did not indicate
high levels of a persgent nature. This suggested that air qudlity in the Brownsville area of the Valey was
good. For al but seven of the over 250 air pollutants measured, the reported levelswere below the ESLs
(see Tables 5.1 to 5.5). The seven pollutants that exceeded their respective ESLs were: slver (Ag) in
PM,, 5 and the VOCs 2-nitropropane, acrolein, benzene, methanol, methylene chloride, and vinyl acetate.
Many of these pollutants (such as methanol, methylene chloride, and vinyl acetate) were aso abovelevels
reported in other surveys (Brodzinsky and Singh, 1983; Singh et al., 1985; Shah and Heyerdahl, 1988;
Kelyet al., 1993; Kdly et al., 1994). Asistruefor dl ar monitoring investigations, sampling and anaysis
difficulties exist for acrolein and methanol; therefore, caution should be exercised in interpreting these
pollutants. Other pollutants, such as chlorine (Cl), iron (Fe), potassum (K), slicon (S), 2,3
dimethyl pentane, 3-methylhexane, 3-methyl pentane, cyclohexane, methyl cyc ohexane, methylcyclopentane,
and pentane were aso above comparison data (see Tables 5.7, 5.8a, and 5.8b). Most of these elevated
pollutants represented maximum vaues a Site 2.
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Four of these seven pollutants had a one-time exceedance over their respective ESL; these were
2-nitropropane, benzene, methylene chloride, and vinyl acetate. Accordingto TNRCC, the concentrations
for these pollutants were below levels which would resultsin acute hedlth effects. 1n addition, these one-
time exceedances indicated that uncertainties due to intringc variagbility in the data may have been afactor
in thesevalues. Two pollutants that showed amean and/or median value abovethair annual ESL were Ag
(detected less than 1% of the time) and acrolein (detected in 50% of the samples). While acrolein was
detected in canister samples, the standard monitoring/analysis method for it (U.S. EPA Compendium
Method TO-11; Winberry et al., 1988; 1990) was not employed inthisstudy. Sampling and analysis of
adehydes and ketones such as acrolein were not part of this study; thus, monitoring for acrolein using
standard methodswould need to be explored to confirm exceedances of acrolein. Methanol exceeded the
ESL fivetimesthough thiswas not gpparent in the mean or median values. Sampling of methanol inair has
provento be extremdy difficult dueto its chemicd reactivity so caution should be exercised in interpreting
these values.

Although amean and/or median va ue abovethe annua ESL. may be perceived asahigh persstent
vaue, the concentrations presented need to be placed in the context of the number of detectable values
used to generate the summary data. For example, the mean concentration for Ag a Site 1 was above the
annual ESL based on only three detectable concentrations - this out of 256 samples andyzed for Ag. In
comparisonof afull year'sworth of measurementsto health-based levels, it iscommon practice to include
messured dataat or below detection ashaf the detection limit. Thiswashow the dataabovethe ESL were
shown in Table 2.1 of the Conclusions section. If al samples, including those at or below detection are
averaged together, the meanvauefor Ag a Site 1 (and for other pollutantsidentified inthisstudy) isbelow
the annua ESL.

Acrolein was the only air pollutant that was usualy above its respective ESL at Site 2; again,
standard methods for measuring acrolein would be required before confirming these exceedances. Sitel
recorded two of the seven pollutants that exceeded ESLs (Ag and benzene). Site 2 recorded five of the
seven exceedances (2-nitropropane, acrolein, methanol, methylene chloride, and vinyl acetate). No air
pollutants exceeded ESLs at Site 3. From a pollutant species perspective, elements and VOCs were
abovethe ESL.

5.2.1 Particulate M ass Results

5.2.1.1 Overall Particulate Results

Although daily PM,, 5 data fromthe TAPP are not availablefor direct comparison with therevised
Nationd Ambient Air Quality Standard (NAAQS) for PM,, 5, the annua average of the daily PM., 5 data
isanindication of thiscomparison. Briefly, therevised U.S. EPA NAAQSfor PM, s massisthethree-year
average of annua average PM, 5, spatidly averaged across an area (not yet defined by the standard).
Furthermore, the level of the three-year spatialy averaged vaue should not exceed 15 ug/m?® (U.S. EPA,
1997b; Schaefer et al., 1997; Watson, 1997). Tables 5.6a and 5.6b show that the average of the 24-h
TEOM vaues over the duration of the TAPPwas at most 9.30 ug/m?® for the three sites. Likewise, Table
5.7 shows that the average of the DFPSS did not exceed 10.37 pug/n? at any of the three sites. Thus, the
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annua meanscalculated for the TAPParenot likely in themsel vesto lead to viol ations of the proposed U.S.
EPA NAAQS for PM, .

Smilaly for PM,,, the revised NAAQSfor PMy, is athree-year average of annuad average daily
PM ,, concentration at each monitor. Thethree-year average of annua average PM, is not to exceed 50
ug/im? at each monitor (U.S. EPA, 1997b; Schaefer et al., 1997; Watson, 1997). PM,, values were
caculated for the TAPP data by adding the average of PM,, s from the DFPSS (Table 5.7) and theaverage
of PM,, 5.1, from the dichotomous sampler (Table 5.2). The calculated PM,, vaues did not exceed 28.88
ug/n? for any of the three sites (note that direct summation of the daily values leadsto an average of 29.96
ugi?). Thus, the annua means caculated for the TAPP are not likely in themsalves to lead to violations
of the proposed U.S. EPA NAAQS for PM .

Air monitoring by TNRCC a Site 1 and San Benito in 1996 did not indicate any exceedance of
the previous NAAQS annua or 24-h standards for PM ;5 (TNRCC, 1998); this was also the case for
previous air monitoring datain Cameron County done by TNRCC (TNRCC, 1996a; TNRCC, 1996b;
TNRCC, 1997b). A recent review of therevised PM,, ; and PM o standards (EM, 1997) did not indicate
Cameron County, TX, to be out of compliance with the revised NAAQS using 1993-1995 ambient air
data; this conclusion was independently verified using 1994-1996 and 1995-1997 data. In addition, a
report by the U.S-Mexico Border XXI Program did not indicate Brownsville, Texas or Matamoros,
Mexico as exceeding or potentialy exceeding ambient air quaity standards of the respective country using
ambient data before 1996 (U.S. EPA, 1998).

As previoudy stated, monitoring systems to determine whether an area is out of compliance for
PM, s must follow the Federd Reference Method (FRM) to collect PM, 5 (U.S. EPA, 1997c). FRM
guiddines for measuring PM, 5 were developed after completion of the TAPP. Accordingly, PM, 5
collected in this study cannot be used for compliance purposes. However, the PM, 5 data collected is
comparable to FRM PM, 5 data.

PM,, s was comparable to or lower than in previous air monitoring surveys done in the centrd
region of the U.S., where Brownsville is located (U.S. EPA, 1996a). PM, s was dso lower when
compared with other air monitoring surveys (see Table 5.7). Thiswas apossible indication thet, overal,
anthropogenic sources were minor contributorsto PM, .

The highest levels of one-hour PM,, 5 from the TEOMs at the three site network came from the
South or Southeast. Figure 5.1 shows the bar charts and wind sector plots for PM,, 5 at the three Sites.
Development of these bar charts and wind sector plots are the same asdiscussed for Figures 5.7 t0 5.64.
These higher PM,, 5 levels from the South or Southeast may have been due to emission influences from
Mexico (seethe starred valuesin Figure 5.1 wind sector plots). Another probable reason wasthefact that
there was a greater chance for elevated particulate matter levels to come from these directions. Winds
from the East, Southeast, and South represented approximately 50 percent of the one-hour winds during
the monitoring period. Examination of PM, 5 on a 24-h basis measured by the DFPSS reveded highest
levels to be coming from the Southeast since gpproximately 50 percent of 24-h averaged winds camefrom
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that direction (Figure 5.2). Previous meteorological assessments of circulation patterns in the U.S--
Mexicanborder region show windsto be primarily coming from the South-Southeast and East in the Lower
Rio Grande Vdley (Comrie, 1996). In addition, these wind patterns tend to follow the local orientation
of theVdley, which pardldsthe generd southeast flow of the Rio Grande River towardsthe Gulf (Mgia-
Veézquezet al. and Meuzdaar et al., 1997). Winds from the West and Southwest, the direction where
upwind sources near the sites may be located, occurred less than ten percent of the time.

5.2.1.2 Hourly and Daily Averaged Real-Time PM , ; Data to Assess Episodic Events

As stated in Section 4.4.1, hourly-averaged PM,, 5 data from the TEOM was used to assess
episodic particulate pollution events. Thetop half of Figures 5.3ato 5.3k (Site 1), 5.4ato 5.4l (Site 2),
and 5.5a to 5.50 (Site 3) shows time series plots of hourly PM, 5 concentration from the TEOM on a
monthly basis; starred valuesindicate PM,, s dataabove 100 pug/m?. Thebottom half of thesefigures shows
wind direction (shown as a dashed line) and relative humidity (shown asasolid line). Meteorological deta
were recorded at Site 1 by the TNRCC and only wind direction datawere used. Relative humidity isalso
shown since it can affect hourly TEOM results. Observations recorded by Site operators are presented
in the following discussion and should be used with the hourly TEOM data to interpret potentid episodic
events.

Overdl, dl three stes showed smilar PM,, 5 fluctuations and patterns froman hourly perspective,
indicating that regiond influencesdominated the Valey. Mog of theregiond influences affecting particulate
meass |loadings were due to naturally occurring events such as strong sea breeze winds (see around April
20, 1996 [4/20/96] at Sites 1 and 2), rain events (see August 8, 1996 [8/8/96] at al sites), and cold
temperatures (see from December 18, 1996 to January 15, 1996 [12/18/96 - 1/15/96] at al sites).

A grong regiond influence that affected the sites occurred around August 2, 1996 (8/2/96) with
the highest hourly and daily PM, 5 levelsfromthe TEOM at Sites 1 and 2 occurring on and around thisday .
At Site 1, PM,, 5 concentrations reached hourly maximum levels of 43.79 ug/m® and 24-h average levels
of 26.07 pg/m? on 8/2/96. For 24-h averaging times, the U.S. EPA NAAQSfor PM,, s isset at 65 pg/nt
based onathree-year average of the 98" percentile of 24-h PM, 5 concentrations.  Although daily PM,, ¢
fromthe TAPP cannot be directly compared with the 24-h PM, s NAAQS, examination of the PM,, ; daily
vauesfrom the TAPP (based on one year of monitoring) suggests that successive yearswould haveto be
far higher than 65 pg/n? for potentia violation of the NAAQS to occur.

Hourly PM,, concentrations measured by TNRCC using a beta gauge monitor at Site 1 reached
168 pg/m? from 1:00 P.M. t0 4:00 P.M. Central Standard Time (CST) on 8/2/96. The 24-h averagePM
concentrationat Site 1 onthisdatewas 103 ug/m?. For 24-h averaging times, the U.S. EPA NAAQSfor
PM ,, isset a 150 pg/m?® based on athree-year average of the 99" percentile of 24-h PM,, concentrations.
Although not directly comparable, successive yearswould have to experience sgnificant levels above 150
pg/n?® for potentia violations of daily PM,, to occur.

At Site 2, hourly PM,, 5 concentrations on 8/2/96 were 52.30 pug/m?® with the daily average being
27.18 ugim?. Although not the highest valuefor Site 3, daily average PM, < levelson 8/2/96 were elevated
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at 20.55 pg/m?.  Time lapse images from satellite data acquired by TNRCC showed visible long range
Saharan dust plume trangport from North Africato regions of North America, including the Vdley, during
thisperiod. TNRCC reported elevated level sfor particulate matter at other air monitoring stationsin South
Texasduring thistime. It has been well documented that Saharan dust plumes that are emitted westward
are transported and deposited in the tropical North Atlantic Ocean. Nearly 20% of this transport and
deposition in the tropical North Atlantic occur in the Caribbean Sea region (Schiitz, 1980; Warneck,
1988). Deposgition of Saharan dust plumesin the Caribbean Sea occur most often during summer (Schiitz,
1980) which was when the presumed Saharan dust influence occurred in this sudy. Average mass
concentrations of Saharan dust in air have been recorded as high as80 ug/n® in the Caribbean Searegion
during the summer (Savoie and Prospero, 1977), this being in the range of ambient particulate mass
concentrations observed on 8/2/96 in Brownsville. Traectory analyss reveded Northwest transport of
winds from the Caribbean Seato the Gulf of Mexico and the BrownsvilleMatamoros vicinity during this

period.

Whileit is conceivable that the elevated PM, ; leves previoudy discussed may be attributable to
Saharan dust transport, further analysis would be needed to provide definitive proof that such an
occurrence existed. Recent studies of PM,, 5 have shown acd culated soil dust concentration (using crustal
elements, seeMam et al., 1994) with avalue $ 3 ug/n? and acharacteristic Al/Caratio $ 3.8 to suggest
Saharan dust transport to the eastern U.S. (Perry et al., 1997). Using these indicators, a Saharan dust
influence was not detected on 8/2/96. It isworth noting, however, that satellite data revealed a Saharan
plume influence in Brownsville from 6/28/96 to 7/1/96 that was aso confirmed in the calculated soil and
Al/Caratiosfor that period.

Locd emisson impacts were minimal at the three Sites, most of them being burning activities that
occurred in the immediate vicinity of the Stes. One notable burning activity was a Site 3 on August 14,
1996 (8/14/96). A trash and scrap tire fire occurred approximately 50 meters southeast of Site 3 during
this time. PM, 5 concentrations from the TEOM on this day (a daily concentration of 42.4 pg/m? and
maximum hourly concentration of 894.69 pg/m? between 4:00 P.M. and 5:00 P.M. CST) were higher than
any other day of monitoring at thisste. Aswill bediscussed later, PAH levelsfor thisday indicated ascrap
tire fire influence. Another fire event, occurring near the Rio Grande River area on 8/1/96, may have
affected PM,, s concentrations a Site 2. The PM,, 5 concentration at Site 2 (daily average of 16.91 ug/nt)
was dightly higher than Site 1 (daily average of 14.89 pg/n?®) and Site 3 (daily average of 11.49 pg/n?).
Other noted locdl events, such asafireworksdisplay in Brownsville on June 29, 1996 (6/29/96) and field
burning activities in San Benito on March 22, 1996 (3/22/96) did not result in noticegble, Ste-specific
changesin hourly PM,, 5 data.

While hourly-averaged PM,, s concentrations revealed unique episode events, examination of
TEOM data from a diurna average perspective revealed a more dominant influence. Figure 5.6 is the
diurnal-averaged fine particulate datafrom the TEOM at each Stefor thefull year of monitoring. A diurna
pattern was reveded at dl three sites with maximum PM,, 5 levels occurring during morning periods (7:00
A.M. to 8:00 A.M., CST) and evening periods (8:00 P.M. to 10:00 P.M., CST) of theday and dight dips
occurring in early morning and mid-afternoon. Mgia-Vdazquez et al. and Meuzdaar et al. (1997) found
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thisdiurnd pattern for PM, 5 at the Brownsville/Maamoros Gateway International Bridge. Examination
of carbon monoxide (CO) data, measured by TNRCC at Site 1, revedled smilar coincidence of pesks.
In North America, CO emissions are dominated by mobile sources (Godish, 1997). Thediurna patterns
encountered were probably attributable to three factors: 1) rush hour and/or bridge traffic emitting
particulate matter from exhausts and stirring-up road dusts, 2) wind speedsincreasing during the morning
and late afternoon/early evening periods, and 3) a decrease in height of the inverson layer of the
atmosphere in the evening-to-morning periods This pattern was most dramatic a Site 2, which was
downwind of central BrownsvillelMatamoros and the Gateway Internationa Bridge where most of the
urbantraffic wasexpected. Despite being consdered arurd site, Site 3 also revealed this pattern; thiswas
likey dueto factors 2 and 3 mentioned above and, possibly, bridgetraffic on the Free Trade Bridge at Los
Indios.

5.2.1.3 Carbon Results

Elementd and volatilizablecarbon (Ce and C,, respectively; see Table5.7) amounted, on average,
to no more than 8% of fine particulate mass. This suggests that combustion sources were minor
contributors to PM,, s mass; this observation is consstent with other assessments of particulate matter
results discussed below. Previous studies have shown tota carbon contributions to be approximately 4%
of fine particulate massin rurd areas (Tunce et al., 1985; Vosder et al., 1989) and approximately 14%-
70% of fine particulate massin urban locations (Dzubay et al., 1988; Lewis et al., 1986; Purdue et al.,
1997; Shreffler and Suggs, 1997). The Houston fine particulate datashown in Table 5.7 indicated carbon
contributions as high as 19%.

The minimum vaue, mean vaue, and maximum vaue concentrations of G, suggest regiond
background levels influenced by marine aerosol since organic carbon (contained in G,) associated with
marine aerosols in the Caribbean/tropica North Atlantic region ranges from 150 to 930 ng/m?® (Warneck,
1988). On average, G, comprised 74% of total carbon, consstent with previous assumptions and
assessments of carbonaceous content in aerosols (Shah et al., 1984; Hamilton and Mangfidd, 1991). It
had been assumed that total carbon would have been a larger fraction of fine particulate mass since
transportation sources such asdiesdl vehiclesand paved road dust can be significant sourcesof Cz and C,,
respectively (Hildemann et al., 1991), particularly in the Western U.S. including Texas (Dickson et al.,
1997). Inaddition, it was thought that carbon would possibly be an indicator of home hesting snce many
U.S.-Mexican border community residents heat their homes at night with wood- or refuse-burning stoves
that emit carbonaceous material, particulate matter, and other toxic air pollutants (U.S. EPA, 1992a).

5.2.1.4 X-ray Fluorescence (XRF) Elemental Analysis Results

At Site 1, asingle Ag air measurement in PM,, 5 exceeded the 24-h ESL (see Table 5.1). Silver
was the only contaminant in fine particulate matter that exceeded the ESL. Silver was detected inlessthan
1% of dl samples at Site 1; this suggests thet this exceedance was incidenta in nature.



The nearby Gulf of Mexico had a pronounced effect, both on meteorology and particle-bound air
pollutants measured at dl three Sites. Climatological assessments of meteorological data recorded over
severa yearshave shown the Cameron County areaof the Lower Rio Grande Valey to bemoreinfluenced
by ocean effects than most other coasta areas of the U.S,; this region of the Valey adso has the highest
ocean climatological influencesin the Texas Gulf coast (Jehn, 1977). Averagetotd chlorine (Cl) and total
sodium (Na) concentrations in particulate matter were generaly higher in comparison to other regions of
Texas or the other areas of the U.S. (Davis et al., 1984; U.S. EPA, 1996a) which is indicative of the
marine influence from Gulf of Mexico seabreezewinds. This observation was confirmed in earlier findings
inthe Vdley (Ellenson et al., 1997). Maximum Cl concentrationsin particul ate matter samples occurred
whenwinds were from the East and Southeast (see Figures 5.12 and 5.29), these being directions of Gulf
winds.

Wind speedsat thethreesitesaveraged 3.9 meters per second (mv's) with maximum valuesreaching
nearly 10 m/s, which are considered to be strong gusts. Strong coastal winds and semiarid conditionsin
the Vdley (Crescenti, 1997) as wdll as surface emissions were found to occur during the study. Surface
emissons common to Texas are agriculturd fied burning and tillage operations, vehicular traffic on paved
and unpaved roads, and construction activities (Evans and Cooper, 1980; Warneck, 1988). Together,
these conditions facilitated the breakup and resuspension of soil-derived aggregates and released plant
(vegetation) materid into windblown dusts. As previoudy encountered in Brownsville (Ellenson et al.,
1997), thisstudy revealed PM, 5., and PM, 5 to be enriched in minerd s of soil-derived (crustd) origin such
asauminum (Al), cdcium (Ca), iron (Fe), potassum (K), sillicon (S), and titanium (Ti) (see Tables5.1 and
5.2). Cdciumisa predominant eement in suspended particulate matter for this region of Texas (Rhodes
et al., 1972). Thesecrugtd pollutant specieswere a so higher in concentration compared with other studies
(see Table 5.7). This may explain the fact that PM,, 5 ,, concentrations were generaly higher than
previoudy observed in the Western U.S. (Cahill et al., 1981). PM, 5 concentrations were, on average,
smilar to levels reported by Cahill et al. (1981). The dominance of a sea sdt and minera component in
ambient air particles was expected since such emissons dominate globa production rates of tota
particulate matter and PM,, 5 (Warneck, 1988). In addition, agriculturd activities, srong winds blowing
over arid soils, and vehicular traffic over unpaved roads have been found to contribute to high particulate
concentrations in the U.S.-Mexican border region (U.S. EPA, 1992a).

While sea breeze winds were found to occur in the Valey, such influences decayed with distance
fromthe Gulf shoreline. Thisisevidentin Al, Ca, Cl, Fe K, S, and Ti content of PM., 5 (see Figures5.8,
5.11,5.12,5.13,5.14, 5.20, and 5.21) and these same dementsin PM, s 1 (See Figures 5.25, 5.28, 5.29,
5.30, 5.31, 5.37, and 5.38). Examination of thesewind sector plotsreveded that the seasdt and aeolian
dust components decreased from Site 1 (closest to the Gulf) to Site 3 (farthest from the Gulf). While sea
breeze winds seemed to decreasefurther inland, overal wind direction patternswere dlill largely dominated
by east and southeast winds from the Gulf. It should aso be noted that the location of Site 3, inamainly
rurd setting and farthest West of Sites 1 and 2 may have dso resulted in particulate pollutant levels to
decrease dgnificantly at this Ste in comparison to Sites1 and 2.



Asencountered in other studies (U.S. EPA, 1996a), sulfur (S) wasthe dominant eement in PM,, 5
(see Table 5.1). Average S concentrationsin PM,, ; were comparable to levelsfound esewherein Texas
(Davis et al., 1984; Table 5.7). Average S concentrations in PM, 5 ., were higher than other Texas
locations yet comparable to other areas of the U.S. (U.S. EPA, 19964). Since S can come from man-
made (anthropogenic) or natura (biogenic) sources, an assessment to determine S source(s) near the Sites
was done.

Particulate Sin ambient air primarily exiss assulfate. Gaseous sulfur oxides such as sulfur dioxide
(SO,), emitted from sources like foss| fue combugtion and some naturd sources, can oxidize in the
atmospheretoform particulate sulfate. Sulfur can be emitted from automobiles(Watson et al., 1994) since
itiscontained in gasoline. Other processesthat burn foss| fuels, such as cod and petroleum, are dominant
anthropogenic sources of SO, (Cullisand Hirschler, 1980). A large carbo-dectric facility in Northeastern
Mexico near the border of Eagle Pass, Texas was determined to be one of the largest emitters of SO, in
the Western U.S./Northern Mexico region based on emissions data as of 1990 (Dickson et al., 1997).

To asess cod burning influences at the Sites, a ratio of sulfur to sdenium (S:Se) in particulate
matter was used to determinethe distance of these possible sources. Inrurd areasof the Midwestern U.S.
not immediately influenced by cod burning sources, it has been observed that fine particulate S.Se ratios
range from 2000 to 3500; however, a stes in the Midwestern and Eastern U.S. that are close to such
sources, thisratio dropsto about 1000 or less(Tuncel et al., 1985; Vosder et al., 1989). Fine particulate
S:Seratios a Site 1 (1162 + 172), Site 2 (1065 + 192), and Site 3 (977 + 105) could be initialy
interpreted as suggesting apossible cod burning influence, particularly & Site 3. In an examination of wind
sector plots, Se concentrationsin PM, s were dmost constant among the three sites (Figure 5.19); with no
known loca sourcesin the areathat emit Sethis could have aso indicated cod burning influences. While
this influence may be present, it should also be redlized that Se was detected in less than 10% of the
samples used to develop S:Se ratios whereas S was dmost alway's detected. With prevailing winds from
the Southeadt, the ahility to assess emissions from the carbo-dectric facility near Eagle Pass were limited
since winds would have had to come from the Northwest. Therefore, definitive identification of cod
burning influences was not possible,

As afurther assessment of cod burning influences, dementd cacium (Ca) to magnesum (Mg)
ratios have been used to assess cod fly ash influences from the coa burning sources. Cacium-magnesum
ratios of 14 + 8 have been indicative of cods mined in the Western U.S. (Parekh and Husain, 1987). The
CaMgratiosfor PM, s at Site1 (4.1 + 0.4), Site2 (2.2 + 1), and Site 3 (2.7 £ 0.2) were lower, indicating
dominance of crust-like sources. Another eementd ratio indicative of potentia coal burning sourcesin the
Vdley usng Midwestern U.S. cod is a FeMg ratio of 53 + 40 (Parekh and Husain, 1987). Iron-
magnesum raiosfor PM, s a Site1 (1.4 +0.1), Site2 (2.2 + 0.1), and Site 3 (2.4 £ 0.1) also suggested
mainly crusta influences as opposed to cod burning influences. It is conceivable that some Mg measured
came from other sources, thereby affecting CaMg and FeMg ratios. Water-soluble Mg has been found
over Caribbean waters to come from sea salt aerosols (Savioe and Prospero, 1980).



Fndly, it wasthought that perhaps S (and Ca) may have aso been associated with calcium sulfate
dust emissions from alarge byproduct pile near the Rio Grande River in Maamoros.  Site 2 was across
the River from this byproduct pile in a North-Northeast direction; the calcium sulfate byproduct pile was
produced by amagjor hydrofluoric acid processing plant in Matamoros (Dwyer, 1994). Cacium sulfate
is aso commonly called gypsum. Elementd anadlysisof asample of the cacium sulfate byproduct acquired
fromanother fidld investigation (Lorenz, 1998) confirmed the dominance of Sand Ca; no traces of fluorine
were evident. Examination of the wind sector plots for coarse calcium (Figure 5.28) and coarse sulfur
(Figure 5.35) at Site 2 did not indicate elevated patterns of these two eements coming from the South-
Southwest. Winds kicking up any of the byproduct pile material would produce particulate matter in the
PM,, 5 4, fraction rather than PM,, ; neverthdess, examination of fine Ca (Figure 5.11) and fine S (Figure
5.18) dso did not provide definitive evidence of the pil€sinfluence at Site 2.

A possible source for the S observed was biogenic. Phytoplanktonic dgae in ocean bodies such
as the Gulf of Mexico emit dimethylsulfide (DMS) gas as a metabolic by-product. DMS undergoes
oxidation in the atmosphere to form non-sea-sdt sulfate aerosols that coaesce into cloud-condensation
nude. Precipitation from clouds removesthis sulfate and can result in the depostion of particulate sulfate
(Charlson et al., 1987). Parungo et al. (1990) reported that a significant source of atmospheric S from
the Gulf of Mexico is DM Sflux from the seainto the aamosphere. DM Semissonsinto theatmosphere are
converted to SO, and mgor organic sulfide products are methanesulfonic acid (M SA) and formaldehyde
(Warneck, 1988). MSA has been found inthe Gulf of Mexico (Sdtzman et al., 1983); it dong with DMS
are sources for non-sea sdt sulfate from marine environments (Satzman et al., 1983; Charlson et al .,
1987). Scanning eectron microscopy (SEM) andyses of aerosol samplesindicate that S emissonsfrom
oceans can be found as submicron-sized anmonium sulfate (Mészéros and Vissy, 1974). Ammonium
aulfate is a common form of fine particulate sulfur. Soils, shalow coasta waters (such as the Laguna
Madre), and coastal wetlands east of Brownsville contain microbes that degrade organic materid; this
degradation process emits hydrogen sulfide gas (H,S) and can aso contribute a smal amount to the total
sulfur budget (Charlson et al., 1987). Elevated sulfur concentrationsin PM,, s ;, were found to occur from
the Northeast (Figure 5.35), this being the upwind location of the Cameron County coastal wet lands.
While anthropogenic releases of Sdid not appear to be a dominant factor, acombination of biogenic and
anthropogenic sources were probably contributing to the particulate sulfates measured in Brownsville.

It was assumed that lead (Pb) and bromine (Br) would suggest use of leaded gasoline fuel from
Mexico. Lead and Br are well-known emission tracers for automobiles that use leaded fuel (Hopke,
1985). Although leaded gasoline is sold in limited quantities in Brownsvill€s sgter city of Matamoras,
Mexico, it is not sold in many other parts of Northern Mexico and is expected to disappear from the
Mexicanmarket within the next two years (MgiaV dazquez and Rodriguez-Gallegos, 1997). Mexico has
a so been reducing the leed content in leeded fuel in recent years (Driscoll et al., 1992). Nevertheless, Pb
and Br measurements were used to provide an indication of transboundary transport of mobile source
pollutants.

Lead and Br concentrations in this study were lower than in other field studies (see Table 5.7 and
U.S. EPA (19964)); thismay have suggested reduced leaded fuel consumptionin Maamoros. Infact, Pb
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concentrations in cities in the 1970's and early 1980's (when leaded fud cars were till prevaent in the
U.S.) were typicaly 1,000 ng/m® (Ondov et al., 1982). Average Pb vauesin this study for PM, - and
PM, ¢ ;o Werelessthan 5 ng/n; the maximum particle-bound Po vauewasin PM, s at Site 1 (16.1 pg/n).
These concentrationswere typica of ambient Pb levelsin urban areas of the U.S. during thisdecade (U.S.
EPA, 1996a). Previous research hasindicated that fresh, leaded, automotive exhaust emits a pergstent
Br:Pb massratio of approximately 0.386 which isknown asthe ethyl ratio (Sturges and Harrison, 19864).
In thisstudy, Br:Pb ratiosin PM,, 5 at Site 1 (0.953 + 0.064), Site 2 (0.982 + 0.059), and Site 3 (1.116
+ 0.07) were higher than the ethyl ratio. These higher ratioswere probably indicative of secondary seasdt
influencesfrom the Gulf of Mexico seabreezes since Br isaso naturaly emitted from the sea (Sturges and
Harrison, 1986b), and also the reduced use of leaded fuels.

5.2.1.5 Particle Chemistry and Morphology by SEM

SEM andyses of fine and coarse particlesin sdlected samples confirmed the dominance of crustal
and marine influences. Samples were chosen at each of the three Sites based on wind direction and/or
pollution episodes. Figure 5.66 shows representative photomicrographs and X-ray element spectra of
particlesdominated by dumino-silicateminerasindicatingacrustd influence. Alumino-slicatesrepresented
at least 50 percent of al particlesexamined by SEM. Other particlesalso contained Na, magnesum (Mg),
K, Ca, and/or Fe (Figure 5.67) while others showed particles containing Na, Mg, Cl, K, and S (Figure
5.68); these ements can be found in oceans, sea sdts and/or soils. This provided further evidence of a
dominance of crugtd influences and secondary marine influencesin Valey ar.

Particles were a'so examined to determine if they displayed a smooth, rounded morphology and
non-crustal chemigtry characterigtic of combustion sources such as indudtrial emissons. Of the particles
andyzed by SEM, no clear evidence of an indugtrid influence was found.

5.2.2VOC Results

Except for particle-bound Ag, the other pollutant speciesthat exceeded ESL s or other comparison
data were VOCs. As shown in Table 5.3, VOCs that exceeded ESLs were: 2-nitropropane, acrolein,
benzene, methanol, methylene chloride, and vinyl acetate. Some of these pollutants such as methanal,
methylene chloride, and vinyl acetate were aso above levels reported in other surveys (see Tables 5.8a
and 5.8b). Asdated previoudy, acrolein and methanol vaues should be interpreted with caution due to
sampling and analysis difficulties.

Benzene, in particular, was above the 24-h ESL value at Site 1 on oneday (15.46 ppbV or 49.39
ug/im?; see Table 5.3). This value exceeded the 24-hour ESL (4 ppb) by 3.75 times. According to
TNRCC, thismeasured benzene concentration waswell below level swhich have been reported to cause
acute effects such asirritation. Asshown in Table 5.8a, benzeneis aubiquitous VOC that is predominant
in automotive, solvent, petroleum, and waste water emissions; it is dso a well-known carcinogen that
causesleukemia(ATSDR, 1997). Previous assessmentsof Brownsvilleair quality revedled 24-h benzene
levels ashigh as49 ug/m? (Aponte-Pons and Miller, 1994), which was dso the highest value a Site 1 (and
for this sudy); higher levels of benzene in ambient air have been reported € sewhere (see Table 5.8aand
IARC, 1982). Since Site 1 was in the central Brownsville/lMatamoros area, where anthropogenic
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emissons are predominant, this exceedance for benzene was not unexpected. The highest benzene
concentrationat Site 1 that resulted in the exceedance of the ESL came from the North (see Figure 5.49).
Thus, itispossblethat thisemisson camefromthe Armory, University of TexasBrownsvillecampus, urban
traffic, or another anthropogenic source in centra Brownsville. 1t is interesting that the highest benzene
concentration at Site 2, athough below the ESL, aso came from the North and may have been from
automoative traffic on Military Highway 281. Thefact that both Steshad their highest benzenelevelscoming
fromthe North suggeststhat emissionsfor benzene were from theimmediate Brownsvillevicinity. Itisalso
concelvable that transboundary transport of benzene from the U.S. to Mexico may have occurred. Further
examination of the benzene levels a Site 1 indicated that Some benzene concentrations above the overal
average came from the South, Southeast, and Northwest (see Figure 5.49). This may have been due to
emissons associated with anthropogenic activities in Mexico and/or Brownsville.  Urban traffic in
Matamoros, South and Southeast of Site 1, and cross-border traffic onthe Gateway Internationa Bridge
are probable sources; long lines of idling automobiles at the border crossing areas in the U.S.-Mexican
border regionareknown to causeair pollution problems(U.S. EPA, 19924). However, aswith particulate
matter, the predominant seabreeze windsfrom the Southeast enabled agrester chancethat eevated VOC
levdswould comefromthat direction. Further monitoring, including theacquisition of emissonsinventories
and talpipe emissons data from both sides of the border, is needed to determine whether these
exceedances are of a sustained nature and, if o, what are the possible sources of those pollutants.

Other VOC emissions above ESLs were encountered at Site 2; this was a'so dmost dways the
case in comparison of VOCs with other data in Tables 5.8a and 5.8b. One VOC, methanal, is a
ubiquitous VOC found in automotive, petroleum storage, solvent, plastics combustion, refuse combustion,
printing, and forest fireemissonsto nameafew. Methanol has even been found in biogenic emissonssuch
as animal waste, microbes, and insects (Graedel, 1978). Methanol levels above the ESL were found to
come from the South and North (Figure 5.54); however, sampling of this VOC using canigters (in this
study) or automated GC systems can result inlossesor false positives dueto itsreactivity. 1sopreneisthe
most abundant volatile hydrocarbon emitted by vegetation; its occurrence in an agriculturd region like the
Lower Rio Grande Vdley is not surprising.  Previous research summarized by Warneck (1988) has
indicated that the Southern U.S. has the highest emission rates for isoprene. Acrolein isaso a ubiquitous
VOC that can be found in automotive and diesd emissions, forest fires, lithographic coating, plastics
combustion, spray painting, pesticide gpplication and synthetic rubber manufacturing (Graedd, 1978;
IARC, 1985a). 2-nitropropane and methylene chloride can be used as solvents (Graedel, 1978; IARC,
1982); however, methylene chloride is dso associated with chemical manufacturing, landfill, and foaming
agent emissions (Graeddl, 1978). The 2-nitropropane level above the ESL was found to come from the
Northat Ste2 (Figure5.43). Vinyl acetateisaVOC found in paint, textiles, and other industria products
and dso occursin forest fire emissions (Graedel, 1978; IARC, 1985b). Like most VOCsfrom industria
process emissons, vinyl acetateis produced inthe U.S. and Mexico; dthough thelocation isunknown, one
particular indugtrid plant in Mexico is a mgor worldwide source for vinyl acetate (IARC, 1985h).
Industrid, solvent, and chemical -rel ated manufacturing emissionsmay have been encountered snceasmal-
to-medium maquiladora industria park in Matamoros was about 5 miles South of Site 2. Elevated
methanol and methylene chloride levels came from the South and Southeadt, respectively, a Site 2.
Methylene chloride is reported to have been used by amaquiladorain Matamoros (Feldstein and Singer,
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1997) in the manufacturing of capacitors (Dwyer, 1994). As shown in Table 5.8, methanol can be
associated with a myriad of biogenic, transportation, and industrid emissons. Sampling and analysis
difficulties of methanol should be taken into account when interpreting thisdata. It should be noted that a
recent assessment of air emissonsin Brownsville and Matamorosrevealed no measurablelevelsof VOCs
associated with industria solventsfrom maguiladoraindustria parks. Infact, most of the VOCs measured
near these indudtria parks were suggestive of automotive traffic going in and out of these indudtria parks
(MgiaVdazquez et al. and Meuzdlaar et al., 1997).

A likdy source for many of these VOCs was from an immediate location. A wholesde
propane/butane liquified petroleum filling station with two, above-ground, gas storage tanks was
approximately 500 feet, East to Southeast of Site 2. Thiswould bethe most probabl e source for methanal,
acrolein, and other petroleum- and trangportation-related V OCs like benzene and toluene. For both Sites
1 and 2, actual source profiles and additional monitoring would be needed from both sides of the border
to ascertain sources for VOCsfully.

Ancther immediate VOC source was found to influence Site 2. Elevated levels of 1,2,4-
trimethylbenzene (Figure 5.41), 2-methylpentane (Figure 5.42), 3-methylhexane (Figure 5.44), 3-
methyl pentane (Figure’5.45), cyclohexane (Figure5.50), methanol (Figure5.54), m,p-xylene(Figure5.57),
n-heptane (Figure 5.59), n-hexane (Figure 5.60), o-xylene (Figure 5.61), and toluene (Figure 5.64) came
fromthe North-Northeast on the same day at Site 2. This may have been associated with evaporation of
agasolinespill near thissite combined with contributionsfrom thefilling station and other sources. Although
the concentrations were below the ESLs, other monitoring datain Tables 5.8aand 5.8b a so indicated that
concentrations on thisday (presented asthe maximum val uein thesetables) werecomparatively high. Such
agasoline saill or other event, if mgjor and persistent, could have transboundary air quaity implicationsfor
ar pollution from the U.S. to Mexico.

Despitethe lack of source profile data, concentration ratiosfor certain VOCswere used to assess
the potentia influence of VOC sourcesat Sites1 and 2. Theratio of m,p-xyleneto ethylbenzene has been
used to assess the extent of chemica reaction of VOC emissions from anthropogenic sources. Thisratio
has been observed to be acongtant 3.5 + 0.4 in VOC sources, such as automobile exhaudts, gasoline and
gas vapors, solvents, and industria process emissons. Decreases in the m,p-xylene ethylbenzene ratio
occur after VOC emissionsundergo chemical reaction and deposition (Nelson et al., 1983). Inthisstudy,
m,p-xyleneethylbenzeneratios at Site 1 (3.4 = 0.2) and Site 2 (3.4 £ 0.1) indicated that anthropogenic
VOC sources were present in the immediate vicinity. The proximity to Site 1 of nearby bridge traffic and
other trangportation-related emissionsin central Brownsville/Matamorosand the proximity to Site 2 of local
traffic, indugtrid emissions, and the filling station may explain these findings.

Toluenebenzene concentration ratios have also been used to assess the transport distance of
automotive-related emissons.  As traffic distances increase, this ratio has been found to decrease and
approach a vaue of one (Gelencsér et al., 1997). In this study, the benzene:toluene ratios were 1.62 +
0.15a Steland 24 + 0.08 a Site 2 suggesting the proximity of the Stesto mobile sources. Local traffic



emissons near Site 1 and traffic emissons confounded by thefilling Sation emissonsat Ste2 werepossible
influences.

The upwind vicinities of the filling station, maquiladoras, and overdl urban treffic in Brownsville-
Matamoros in relation to Site 2 were probable reasons for the greater occurrence of elevated VOCs at
thisste versus Site 1 (see Table 5.3). When compared with previous measurements made at Site 1 from
1993 t0 1995 (TNRCC, 1997a), many of these VOCsat Site 2 had higher mean and/or maximum values.
Some VOCs a Site 2 with higher mean and maximum values included: 2- and 3-methylheptane, 2-
methylpentane, 3-methylhexane, cyclohexane, cyclopentane, heptane, hexane, isopentane,
methylcyclohexane, nonane, octane, and pentane. Additiona monitoring inthevicinity of Site2would have
to be performed to confirm these higher VOC findings.

Comparison of other VOC database summariesfor urban |ocations such asHouston (inalocation
away from mgor sources) and other locationsin the U.S. (including Texas) were performed using the U.S.
EPA National Ambient VOC Data Base summaries (Brodzinsky and Singh, 1983; Edgerton et al., 1989;
Shahand Singh, 1988; Shah and Joseph, 1993; Singh et al., 1985). Other measurementsfrom Columbus,
Ohio (Spicer et al., 1996) were also compared. These comparative data are shown in Tables 5.8aand
5.8b with the detected TAPP data. Average pollutant levels for these specieswere comparable. Certain
VOCs such as acetone, cyclohexane, and isobutane were higher at Site 2 than some of thisdata probably
due to the proximity of thefilling station and gastanks. Because most of these VOC database summaries
included measurements of lessthan a24-h duration, only average values were compared. Thisisbecause
a maximum VOC vaue for a 24-h span may be higher than a maximum vaue for the same species
monitored in a shorter time span.

5.2.3 PAH Results

PAHS, overdl, werelow in comparison to other datasetsand dl PAHs at thethree sites (including
maximum values) were below ESL s (see Tables 5.4 and 5.9). Most of the PAHswereonly dightly above
background levels for rural aress that range from 0.02 to 1.2 ng/m?® (ATSDR, 1995). Phenanthrene had
the highest mean and maximum concentration of any semi-volatile compound at Sites 1 and 2 and wasthe
only PAH detected in dl samples. Phenanthrene is a PAH commonly found in diesd and non-catayst
automohile exhaust (Rogge et al., 1993; Lowenthd et al., 1994; Khdili et al., 1995); it has even been
found inmarineemissons. Marine emissonsof phenanthrene are from non-combusted petroleum residues
and combustion-formed substances that contaminate oceans and are ultimately emitted by them (Marty et
al., 1984). In addition to phenanthrene, other PAHSs associated with diesd emissons and emissonsfrom
automohiles not equipped with cata ytic convertersinclude anthracene, fluoranthene, fluorene, naphthal ene,
and pyrene (Rogge et al., 1993; Lowentha et al., 1994; Westerholm and Li, 1994). The occurrence of
these PAHs a the three sSites may have been the result of emissons from these trangportation sources. It
was expected that the bridge traffic near Site 1 and the downwind location of Site 2 compared with central
Brownsville-Matamoros traffic would have resulted in higher PAH leves at these Sites but this did not
occur.
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The only significantly-elevated concentration for PAHs occurred for one sample at Site 3. This
sample was chosen due to the occurrence of a scrap tirefire noted in theimmediate vicinity (U.S. side) of
thisste on 8/14/96. Refuse fires are known to occur in the Valey and, as such, this sample was chosen
for that purpose. All of the maximum PAH vauesin Table 5.4 for Site 3 occurred during this incident.
These devated PAHSs are known to be emitted from scrap tire fires (Lemieux and Ryan, 1993). Aswith
VOCs, immediate emission sources seemed to influence maximum PAH levels.

5.2.4 Pesticide Results

Asshownin Table 5.5, pesticides were sparsaly detected in this study and al concentrationswere
below their respective ESLs. This was aso the case for the rurd ste (Site 3). This was not entirely
surprising since the transport and concentration of pesticides can be highly influenced by atmospheric
temperature (Burgoyne and Hites, 1993). While pesticide drift can occur dueto aeria spraying (Ghassemi
et al., 1982), as encountered in the Vdley, pesticide concentrations are known to decrease significantly
withdistance (Graedd, 1978). Aerid spraying applicationsinvolve mixing pesticideswith water and other
inerts to improve performance and reduce drift or aimospheric transport (Plimmer, 1990).

The highest pesticide concentration encountered was that of chlorpyrifos which was higher than
comparison vaues from other studies (see Table 5.10). Although chlorpyrifosis a pesticide occasondly
used in the Vdley on cotton, sorghum, and corn, its use in agriculture has waned in favor of synthetic
pyrethroid insecticides (Norman and Sparks, 1997; Lockamy, 1998). Chlorpyrifosisused largely inhome
inthe Valey, both indde and in outside yards and gardens (L ockamy, 1998).

Madathion, methyl parathion, pendimethdin, and triflurlin are known to be used on cotton. Some
of these pesticides are aso used on sorghum and sugar cane crops in the Valey (Texas Department of
Agriculture, 1988). At thetime of this study, these crops were known to be predominantly grown in the
Vdley.
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5.2.5 Precipitation Results

Due to severe drought conditions that occurred in the Valey during the TAPP monitoring period,
only a handful of precipitation samples adequate for trace meta and pesticide/PAH andyses could be
collected. Asaresult, caution should be exercised in deriving definitive conclusions fromthese few data.

For trace metals, atotal of five samples was anayzed; these results are presented in their entirety
and compared with data from other rainfal surveysin Table 5.11. Elevated trace metal concentrations of
Fe reveded the occurrence of wind blown dusts. Elevated levels of Mg and manganese (Mn), with
vanadium (V), may haveindicated the occurrence of marinerain deposition of seasdt components. These
trace metals have been measured and/or calculated as present in marine rain over the Western Atlantic
Ocean(Church et al., 1984). Trace metasin preci pitation associated with anthropogenic emissions, such
as cadmium (Cd), Pb, nickd (Ni), and Zn (Helmers and Schrems, 1995), were at levels Smilar to other
precipitation surveys. Insummary, the preiminary resultsfor trace metasin precipitation confirmed earlier
findings in particulate matter that indicated a dominance of crusta and marine influences in the Valey
atmosphere.

Table 5.12 presents the findings for PAHs and pesticides in precipitation. Asfound in air, PAH
and pesticide datain precipitation was sparse. Phenanthrene levels in precipitation were comparable to
other surveys while naphthaene levels were higher; caution should be exercised in coming to definitive
conclusions based on two observations in this sudy. Of the pesticides measured, only carbofuran was
found. Carbofuran is an insecticide used in the Valey on sorghum and corn (Texas Department of
Agriculture, 1988). It can also be used on sugarcane (Farm Chemicals Handbook, 1996).

5.3 Comparison of Transboundary Study Data with the 1993 Lower Rio Grande Valley
Environmental Scoping Study (LRGVESS)

Air pollution datacollected during the 1993 LRGVESS (Ellenson et al., 1997) was compared with
the TAPP data; thiswas done since both studies measured the same pol lutant species. Though ashorttime
frameisavailable for comparison, these data can be compared to assess possible tempora changes that
may have occurred in Brownsville from 1993 and 1996. Since Site 1 wasin the immediate vicinity where
ambient air monitoring was doneinthe LRGVESS (at the University of Texasat Brownsvillecampus), only
these datawere used for thiscomparison. Themonitoring period in the LRGVESSwas short (March 18 -
April 9, 1993 in the spring and July 21 - August 3, 1993 in the summer). Accordingly, this period (plus
an additiond one-week window for beginning and end periods) was used in summarizing air pollution data
from the TAPP for comparison.

PM,, s massand d ements(Table5.13) showed remarkablesimilarity betweenthetwo studies, snce
the air monitoring devices used to collect particulate matter were different. Again, astrong marineinfluence
fromthe Gulf of Mexico and soil dust contributionswere dominant sourcesfor PM,, s duringthe LRGVESS
and the TAPP. Thiswasindicated by thefact that Al, Ca, Cl, Fe, K, and Shad higher concentrationsthan
other dementsin PM, 5. It isinteresting that fine particulate S had Smilar levels between the two Studies.
Since predominant windsin both studies were from the Gulf of Mexico, the S monitored was probably the
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result of persistent non-sea-sat-sulfate deposition from DMS emissons by phytoplanktonic algee in the
Gulf.

For organic pollutants, V OCsa so showed similar or lower concentrationsinthe TAPPasopposed
to the LRGVESS (Table 5.14). A mgor exception was toluene that had amaximum value of 17.4 ug/m?
at Stelinthe TAPPasopposedto 2.2 ug/m?inthe LRGVESS. Table5.15 showsthe TAPP-LRGVESS
resultsfor PAHs. Phenanthrene had the highest PAH concentration in both studies. Asstated previoudy,
the devated phenanthrene levels may have been due to emissions from the Gulf of Mexico and/or diesd
emissons,

Differences between the TAPP and the LRGVESS PAH data may be because the LRGVESS
PAH data was andyzed for dl days due to the short time frames of monitoring whereas only a select
number of samples were analyzed for PAHs in the TAPP data. Pesticide results are not presented since
no pesticides were detected at Site 1 during the LRGVESStimeframe. Since pesticide concentrations at
the centra dte during the LRGVESS were low (Ellenson et al., 1997) and as Site 1 was in an urban
etting, thisis not surprisng.

5.4 Principal Component Analysis (PCA)

The find anadlyssin this sudy wasto attempt to identify possibleloca and regiond influences that
affect air quaity in the Valey. Thiswas done usng a multivariate statistical technique known as Factor
Andyss. Factor Andysis has been used as a screening tool to identify emission source categories and to
select independent emission tracers. In Factor Analyss, the purpose is to group air pollutant tracers
according to their common variations, each group of common variationis considered a factor or source.
The factors are uncorrelated with each other and are ordered in terms of the amount of variability they
explain. The firg factor represents the maximum amount of variance in the data set with the maximum
amount of remaining variance being incorporated into the second factor, and so on. A large proportion of
the total variance can be explained by thefirdt few principd factors. Asiscommonly performed in ambient
ar dudies, atransformation technique known as orthogonal varimax rotation isused to aid in interpretation
of the factors. Asdonein mos ar pollution studies using Factor Andysss, factors were extracted using
principa components, therefore theterm Principa Component Analysis(PCA). Factor loadingsrepresent
the association of each pollutant to a principa component and are used to help identify that component.
Highfactor loadings on acomponent (usualy greater than 0.5) are used to identify the component (Hopke,
1985). Sincealargedataset isneeded in Factor Analysisapproacheslike PCA, and sincetheinterest was
principally on determining anthropogenic influences, the analysis was performed on the PM,, 5 and VOC
data sets.

5.4.1 PCA Resultsfor PM , ¢

Since PCA requires alarge data set, e ement data were used in the PCA regardliess of andytica
uncertainty. Even though the numerica value of the concentration data may have been uncertain for
extremely low concentrations, the variability in the concentration data was retained. Elements used were
tracers for different sourcesin order to prevent biasing the PCA resultsin favor of agiven source (Lioy et
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al., 1985) Factors with eigenvalues grester than one were retained for varimax rotation; this resulted in
the firgt five factors being retained.

Table 5.16a presentsthe varimax-rotated factor |oadings of thefinefraction e ement speciesat Site
1. Thefirg principa factor accounted for 38% of the variance in the data set (proportion of variation for
each factor [prior to varimax rotation] x 100); Factor 1 was dominated by species that were primarily of
crugd origin (Al, Ca, Fe K, Mn, S, and Ti with high factor loadings >0.5) and seasdt origin (Cl with a
highfactor loading > 0.5). Principa component andyses of PM,, 5 near the northern coastal city of Boston
have aso revealed sources associated with soil dusts and sea sdlts (Thurston and Spengler, 1985).
Previous anadyses of fine particlesfrom resuspended road dusts and yard soilsin the LRGV ESS confirmed
that these dements (in Factor 1) were abundant in crustal/salt sources (Mukerjeeet al., 1997b). Factor
2, accounting for 15% of data variance, was dominated by species of possible marine influences (Br, and
S) and/or crugtd origin (intermediate K loading). Factor 3 (accounting for only 9% of variance) had high
loadings for Pb and Zn; this may be associated with incineration emissions (Olmez et al., 1988). Factor
4 (accounting for 8% of variance) had high loadings for Ni and V which was associated with ol burning
from boilers or power plants (Hopke, 1985; Thurston and Spengler, 1985). Factor 5 was an unknown
source of variation (high loading for arsenic [Ag]; this may have merely been an artifact of the PCA
technique.

Tables 5.16b and 5.16c present varimax-rotated factor patternsat Sites2 and 3, respectively. A
gmilar factor solution as seen at Site 1 was dso revedled a Sites2 and 3. At Site 2, thefivefactorswere
interpreted as representing crustal (Factor 1), incineration (Factor 2), maring/crustd influence (Factor 3),
boiler or dectric utility oil combustion (Factor 4), and possible coal combustion for Asand Se (Factor 5).
At Site 3, the five factors were interpreted as representing a crusta influence (Factor 1), marine/crustdl
influence (Factor 2), boiler or dectric utility oil burning (Factor 3), incineration (Factor 4), and possible coa
combugtion for As and Se (Factor 5).

In summary, PCA analyss of PM, 5 revedled the dominance of crusta/marine influences in the
Vdley; thisisevident in the first two factors at Sites 1 and 3 explaining most of the variation in the data
Other influencesincluded possibleincineration (particularly a Site 2), boiler/dectric utility oil combustion,
and coa combustion. Actua source profile data from magor and other air emisson sourcesin the Valey
is needed before definitive assessments can be made.

5.4.2 PCA Resultsfor VOCs

Volatile organic compounds used in the PCA were for those species known to be probable
markers for certain emission sources. In order to use alarge VOC data set in the PCA, marker species
that were below detection were given avaue of haf the detection limit. Asseenin Table5.17afor Ste
1 and Table 5.17b for Site 2, the dominant source for VOCswas a transportation-related source; this
would include sources as vehicle exhaudt, gasoline, and gasoline evaporation. The dominance of a
transportation source category in the Brownsville air shed for VOCs was expected since this was smilar
to findingsin other VOC invedtigations in urban areas. Both Sites 1 and 2 were near aress were traffic
influences occurred. Biogenic emissonsin Brownsville were a distant second in overdl contribution; this
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was aso expected since agriculture is an important economic factor in the Valey. As shown in Table
5.17b, some of the principa factors may have been the result of the nearby filling station and possible

indudtrid sources. As with the PM, 5 results, actual VOC source profiles would be required before
definitive conclusions can be made.
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Table 5.14. Comparison of VOC datafrom thisstudy at Site 1 and 1993 LRGVESS at central Ste. Same
time frame used for comparison. Both TAPP and LRGVESS datafrom active canister samplers. All data
in pg/e.

TAPP (March 11 - April 16, 1996) LRGVESS (March 18 -

April 9, 1993)

Compound n Minimum Median Maximum n Minimum
Median Maximum

cis-2-Pentene 2 0.2 0.3 0.4 20 0.1
0.4 0.8

iso-Butane 6 0.5 1.0 3.5 22 1.0
2.5 6.6

iso-Pentane 6 2.4 3.1 8.0 22 1.3
6.2 17.9

m-Xylene & p-Xylene 8 0.3 1.0 1.6 22 0.5
2.6 6.3

n-Butane - - - - 22 1.4
5.8 19.9

n-Pentane 6 0.4 1.3 3.4 22 0.8
3.1 10.8

n-Propylbenzene 3 0.1 0.1 0.7 17 0.1
0.3 0.7

o-Xylene 7 0.3 0.5 4.0 22 0.2
1.0 2.4

trans-2-Butene 2 0.2 0.3 0.4 20 0.1
0.4 1.1

trans-2-Pentene 2 0.3 0.4 0.5 17 0.1
0.6 1.7

Benzene 9 0.4 0.7 1.6 22 0.6
1.3 3.2

Carbon Tetrachloride 5 0.3 0.5 0.7

Cyclohexane 1 0.3 0.3 0.3 19 0.1
0.4 0.9

Cyclopentane 2 0.1 0.1 0.1 20 0.1
0.3 0.6

Ethylbenzene 7 0.2 0.3 0.6 22 0.2
0.8 1.7

Isoprene 1 0.1 0.1 0.1 4 0.2
0.3 0.4

Methylcyclohexane 1 0.2 0.2 0.2 21 0.1
0.5 1.1

Methylcyclopentane 3 0.3 0.6 0.6 22 0.2
0.7 1.7

Styrene 1 0.6 0.6 0.6 11 0.4
0.7 2.5

Toluene 9 0.5 1.4 2.8 22 0.8
2.9 7.8

1-Butene 6 0.3 0.4 0.8 14 0.1
0.4 1.1

1-Pentene 3 0.3 0.3 0.3 19 0.1
0.4 0.8

1,1,1-Trichloroethane 9 0.4 0.6 1.3
1,2,4-Trimethylbenzene &

sec-Butylbenzene 4 0.7 1.1 2.4 19 0.3

1.3 3.5



1,3-Butadiene

0.3 0.7
1,3,5-Trimethylbenzene
0.6 1.9
2-Methyl-1-pentene

0.2 0.5
2-Methyl-2-butene

0.7 2.0
2-Methylheptane

0.7 2.3
2-Methylhexane

0.8 1.7
2-Methylpentane

1.7 4.9
2,2-Dimethylbutane

0.5 1.6
2,2,4-Trimethylpentane

2,3-Dimethylbutane
0.5 1.3
2,3-Dimethylpentane
0.4 0.9
2,3,4-Trimethylpentane
0.7 1.6
2,4-Dimethylpentane
0.3 0.7
3-Methyl-1-butene
0.2 0.3
3-Methylhexane

1.0 2.3
3-Methylpentane

1.2 3.3

Auqust 3, 1993)
Compound
Median Max imum

cis-2-Pentene

0.1 0.2
iso-Butane

0.8 1.4
iso-Pentane

2.0 3.7
m-Xylene & p-Xylene

1.0 4.1
n-Butane

1.7 2.6
n-Pentane

1.3 1.9
n-Propylbenzene
0.2 0.4
o-Xylene

0.5 1.3
trans-2-Butene
0.2 0.4

trans-2-Pentene
0.2 0.4

TAPP (July 14 - August 10, 1996)

Minimum

Median

Max imum

15

17

21

22

22

22

22

22

15

18

19

15

22

22

LRGVESS (July 21 -

14

14

14

14

14

14

10

14

14

14

Minimum



Benzene 6 0.3 0.5 0.9 14 0.5

0.7 1.0
Carbon Tetrachloride 6 0.5 0.7 1.1 14 0.6
0.7 0.7
Cyclohexane 0 - - - 7 0.1
0.1 0.5
Cyclopentane 1 0.03 0.03 0.03 14 0.1
0.1 0.2
Ethylbenzene 3 0.4 0.4 0.5 14 0.2
0.4 1.0

TAPP (July 14 - August 10, 1996) LRGVESS (July 21 -

Augqust 3, 1993)
Compound n Minimum Median Max imum n Minimum
Median Maximum

Isoprene 4 0.1 0.1 0.2 14 0.3
0.5 0.7

Methylcyclohexane 1 0.1 0.1 0.1 14 0.2
0.3 0.5

Methylcyclopentane 1 0.2 0.2 0.2 14 0.2
0.3 0.5

Styrene 2 0.1 1.6 3.0 8 0.4
0.6 0.9

Toluene 6 0.5 1.4 17.4 13 1.0
1.4 2.2

1-Butene 5 0.2 0.6 0.9 14 0.1
0.4 0.5

1-Pentene 1 0.1 0.1 0.1 14 0.1
0.2 0.3

1,1,1-Trichloroethane 6 0.4 0.7 1.5 14 0.9
1.1 1.9

1,2,4-Trimethylbenzene &

sec-Butylbenzene 2 0.5 1.0 1.5 14 0.3
0.5 1.0

1,3-Butadiene 2 14 0.1
0.1 0.2

1,3,5-Trimethylbenzene 2 0.1 0.3 0.4 10 0.1
0.2 0.4

2-Methyl-1-pentene 1 0.1 0.1 0.1 6 0.1
0.1 0.2

2-Methyl-2-butene 5 0.1 0.2 0.2 14 0.1
0.2 0.5

2-Methylheptane 1 0.3 0.3 0.3 14 0.1
0.2 2.5

2-Methylhexane 1 0.1 0.1 0.1 14 0.5
0.7 0.9

2-Methylpentane 5 0.4 0.5 0.9 14 0.6
0.9 1.6

2,2-Dimethylbutane 1 0.1 0.1 0.1 12 0.1
0.1 0.3

2,2,4-Trimethylpentane 4 0.1 0.2 0.3 14 0.2
0.4 0.9

2,3-Dimethylbutane 5 0.1 0.1 0.4 14 0.1
0.2 0.4

2,3-Dimethylpentane 1 0.1 0.1 0.1 2 0.2
0.2 0.2

2,3,4-Trimethylpentane 1 0.1 0.1 0.1 8 0.1
0.2 0.2

100



2,4-Dimethylpentane

0.2 0.2
3-Methyl-1-butene
0.1 0.1
3-Methylhexane
1.0 1.2
3-Methylpentane
0.4 0.8

101






