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Section 4
Methods And Quality Assurance

4.1 Study Design

The primary objective of the Lower Rio Grande Valey Transboundary Air Pollution Project
(TAPP) was to obtain ar qudity and meteorologica data for a full year to assess the extent of
transboundary air trangport of pollutants in a region of the Lower Rio Grande Vdley in and near
Brownsville, Texas. To accomplish this objective, a network of three air quaity monitoring stations was
established to operate from March 1996 to March 1997 in Cameron County, Texas, where Brownsville
islocated. All three Steswere goproximately one kilometer (km) from the Rio Grande River, which forms
the boundary between Texas, U.S.A. and Tamaulipas, Mexico.

Figure 4.1 shows the location of the TAPP ar monitoring sites. Although the Steswere primarily
influenced by nearby sources, asistrue with dl ar monitoring Stes, their proximity to the border dlowed
the assessment of potentia trangport of ar pollutants from the Mexican sde of the border. The air
monitoring station locations were selected by U.S. Environmental Protection Agency (U.S. EPA)
personnd, with input from the Texas Naturd Resource Conservation Commission (TNRCC) and locdl
community leaders. The three Site locations were chosen according to the following criteria

Ste 1. The Steis a 344 Porter Drive on the grounds of the Nationd Guard Armory, just
southof the University of Texas-Pan American campusin the east-centra part of Brownsville.
This dteis next to a TNRCC Community Air Toxics Network site that is part of a nationa
VOC monitoring network. Some of the ambient dataacquired by TNRCC at thissite were
used inthisstudy. The Siteisaso adjacent to downtown Brownsville and isjust southeast of
the Gateway International Bridge between Brownsvilleand Matamoros, Mexico. Itislocated
near automotive, diesd truck, and industrid emissons. It is aso near the centrd Site where
ar monitoring was done during the 1993 Lower Rio Grande Valey Environmenta Scoping
Sudy (LRGVESS) and is on the grounds of the same facility that housed the border Stein
that study (see Mukerjee et al. [1997a] for further details of this site). Geographical
coordinates of this Ste are: latitude 25e53'32"North (N); longitude 97E29'35"West (W).

Site 2. This dteis next to the Gaaxia Resdentia Subdivison of Brownsville on Military
Highway 281, approximately 5 km (3 miles) northwest of Ste 1. Thissteisidedly suited to
measure impacts of emissons from Brownsville to the east and southeast, emissons from
Matamoros to the south and southeast, and agricultural activities to the north. Man-made
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(anthropogenic) transboundary emissions can be assessed at thisstedueto itslocation, which
is usudly downwind from those sources where predominant wind flows came from
(southeast). Geographica coordinates of this dte are: latitude 25E56'27"N, longitude
97E32'17"W.

Site 3: Thisdteisnext to the Military Highway Water Supply Company on Military Highway
281 near Los Indios, Texas, gpproximatdy 35 km (22 miles) northwest of Ste2. Ste3is
in a rurad community, near agricultura fields and is relaively free from locd indudtrid
emissons. The Free Trade Bridge at Los Indios is gpproximately 2-3 km (1-2 miles)
southeast. This Ste was sdected primarily to provide information about the air pollution
impact from agricultural activities. Geographical coordinates of this Ste arer latitude
26E03'04"N, longitude 97E45'23"W.

Asfor other Ste-selection criteria, bility under al weather conditions, availability of adequate
ectricity, and security of the monitoring devices were consdered. Based on this information, the Sites
were sdlected and air monitoring stationswere established at each location following the Siting requirements
outlined in the U.S. EPA Ambient Air Quality Surveillance regulations (40 U.S. CFR, Part 58, Appendix
E, 1988). Information acquired from Siting the central monitoring station duringthe LRGVESS (U.S. EPA,
1994; Ellenson et al., 1997; Mukerjeeet al., 1997a) were aso incorporated into the TAPP site selection.
Asshownin Table4.1, theair monitoring program at dl three sitesincluded most of the monitoring devices
to bediscussed in Section 4.4. Whilesampling inletsfor all deviceswerelocated outs de (at recommended
heights), al monitoring equipment was housed in temperature-controlled shelters specificaly constructed
for such devices when gpplicable.

4.2 Sdection of Ambient Air Pollutants

Asinthe LRGVESS, aprincipa objective of the TAPP was to examine potentia transboundary
trangport of air pollutantsfrom industrid, agricultura, and other anthropogenic activities and to assesstheir
impact on the Brownsville border and vicinity. Particulate and gaseousair pollutantsare generated by both
anthropogenic and natural (biogenic) sources and have been regulated and researched extensively dueto
thar impact on human hedlth and welfare; particles represent both solid and liquid phases (Godish, 1997).
Mogt indudtrid emissionsinto air are the result of combustion processes. Other anthropogenic emissions
can betheresult of: 1) combustion processes such as automobile exhausts or home hegting, 2) evaporative
emissons as with volatiles from paints, glues, and other chemica processes, and 3) pollutant entrainment
suchasaerid praying of pesticides. Specificemissonsof pollutantsfor dl operationsintheValley are not
fully characterized although genera anthropogenic activitiesinthe Valey areknown. Potentid, unreported
or accidental releases are very difficult to verify. Consequently, the measurement of a broad range of
particulate and gaseous air pollutant species associated with combustion-related activitieswas addressed.
It is important to note that many of these pollutants are ubiquitous and could aso be found in natural
sources such as vegetation, dudts, or large bodies of water. Almost dl of the air pollutants monitored in
the TAPPwere a so measured during the LRGVESS except pollutants measured in precipitation (fromrain
or wet deposition).
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Fneinhaable particles, defined aslessthan or equd to 2.5 micrometers (Lm) in aerodynamic mass
median diameter (PM, ) were sampled and andyzed for mass and associated inorganic elements.
Elements included heavy metals such aslead. Particles in this Size range are commonly derived from
combustion processes or gas-to-particle conversion and remain suspended in the aimosphere for longer
periods than do coarser particles. High temperature combustion sources such as fossil fud burning,
incineration, smdting or hot processing of metal's, other industrial operations, and mobilesourcesareknown
to emit fine particles (U.S. EPA, 1996a). As opposed to PM, 5.0, PM,, 5 has been found to be more
evenly digtributed across a community. Asaresult, PM, s a community monitoring Stes has been found
to mogt likely represent average, daily fine particle concentration over an entire community (Wilson and
Suh, 1997). PM, sisdso caled “respirable’ particulate matter snceit can be trangported and deposited
further into the human respiratory tract than larger-sized particles (U.S. EPA 1996b; Godish, 1997).

As with other pollutant pecies monitored, PM, s sampleswere collected for 24-hour (h) periods
(frommidnight to midnight). Time-integrated continuous sampling for a24-h period isaroutine monitoring
approachin air monitoring sudies. Automated PM,, 5 analyzers operated in near redl-time and integrated
in hourly intervals were used at the three-site network to assess the potentia for intermittent air emissons
that might occur within agiven day. Results were reported as integrated, hourly averages.

Particlesin the aerodynamic diameter Size range of 2.5-10 um areindicators of coarse particulate
matter; they are given the abbreviation: PM, 5 ;. PM, 540 Was collected and analyzed for mass and
associated dements. Sources of coarse particulate matter include mixing of fertilizers and pesticides,
agricultura burning and open burning, road construction, and seasdt/seaspray production. Dust emissions
from soils or other materia formed by the crushing, grinding, or aborasion of surfaces can be suspended as
coarse particulate matter by wind forces or anthropogenic activities (such as road traffic on paved and
unpaved roads or tilling). A large contribution of surfaceair particulate matter from wind blown dusts can
be encountered in the Western U.S. where conditions are arid to semiarid (U.S. EPA, 1996a). In the
LRGVESS it was noted that the PM, 5 4, fraction was dominated by a soil (crustal)/sea st component.
The TAPP focused on collecting PM,, 5 samples on a daily basis since it is more associated with
anthropogenic emissons. Coarse particle samples were collected on a once-every-third-day schedule.

Carbonaceous materid isacomponent of particulate matter which isemitted by sourcesthat burn
organic fuds (Muhlbaier and Williams, 1982; Hamilton and Mandfield, 1991). Elementd carbon (Cy) and
volatilizable carbon (C,,) were carbonaceous materid measured in samples collected onfilter media. C,
(present as soot) was measured to address contributions of emissions from residential wood burning and
diesd particulate matter known to contain this form of carbon. Sources related to wood burning include
fidd burning or trash burning activities. Diesd isaless-refined fue than conventiona gasolineand, assuch,
emits more carbonaceous particulate matter when combusted; diesel emissions are consdered a magjor
source of C¢ (Hamilton and Mandfield, 1991). C, was adso measured sinceit can be emitted from the
combustion sources mentioned above and from chemicd, fossl fuel, and biogenic sources (U.S. EPA,
1996a). C, adso has potentid carcinogenic effects (Hamilton and Mansfield, 1991).
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A limited number of samples collected from air and precipitation were andyzed for polycyclic
aromatic hydrocarbons (PAHS). PAHSs are ubiquitous in nature and are formed by chemica reactions
during incomplete combustion of fudls such aswood, cod, ail, diesdl, and gasoline. Such sourcesinclude
open burning, industria processes, resdentia heating, and mobile sources (Nationd Research Council,
1983; U.S. EPA, 1996a). PAHSs have dso been found in sources such asail refining, meta working, and
chemica production. Many PAHs have toxic or carcinogenic properties (ATSDR, 1995).

A limited number of sampleswere collected and andlyzed for volatile organic compounds (VOCs)
sncethey areemitted by many anthropogenic and biogenic sources. Whileindustrial combustion processes
are mgjor contributors, another dominant source of VOCs, particularly those that form ozone, is
evgporative emissonsand exhausts from incomplete fuel combustion from transportation (mobile) sources
(Warneck, 1988; Purdueet al., 1992; Godish, 1997). Industria sourcesprincipaly includeemissonsfrom
petroleum and petrochemica industries.  Other industrial processes can include iron and sted
manufacturing, nonferrousmeta manufacturing, and pulp and paper manufacturing. Another mgjor emission
source of VOCs related to non-combusted industrial emissions include organic solvent evgporation. This
would include metd surface coating, degreasing, and printing and fabric coating operations. VOCs
monitored in this study included hazardous chemicds that were likely to be present in the ambient
atmosphere such benzene, methylene chloride, chloroform, carbon tetrachloride, trichloroethylene, and
toluene (Brodzinsky and Singh, 1983) to nameafew. TheV OC, methylenechloride (or dichloromethane),
isasolvent and aprobable carcinogen. Methylene chloride was known to have been used and emitted by
an eectronic-manufacturing maguiladora in Matamoros (Feldstein and Singer, 1997). Agriculturd
operations, from open burning to use of fertilizers, can aso emit VOCs (Ciccioli, 1993). Findly, treesand
plantsemit certain VOCs, such asisoprene, and alpha(*'-) and beta([3-) pinene (Graedel, 1978; Warneck,
1988).

Use of pedticides is well-characterized in the Vdley area Snce agriculture is a mgor economic
activity in the region (Texas Department of Agriculture, 1988; Norman and Sparks, 1995). To address
agricultura influences, alimited number of these pesticideswere measured in air and preci pitation samples.
Pesticides monitored included herbicides, insecticides, and fungicides measured in the LRGVESS except
dicamba, metaachlor, carbaryl, and pentachlorophenol. The pesticides measured in this study included
those used in the U.S. and Mexico (Texas Department of Agriculture, 1988; GAO, 1992).

Asinmogt air monitoring studies, on-gte meteorol ogica measurement data (wind speed, direction,
temperature, and relative humidity) were acquired. Meteorologica measurements are considered a
fundamental aspect of ambient air monitoring; it has even been suggested that a corresponding
meteorol ogica network be established with an air monitoring network if existing sources of meteorologica
data are insufficient (Bryan, 1968). Thiswasimportant in the TAPP since knowing whether air pollutants
were coming from anortherly or southerly direction in relation to the border was necessary. Although loca
meteorologica data can be collected from airport measurements to assess macro-scae conditions or for
long-term trend anadlys's, Site-specific meteorological data was deemed necessary for this study to relate
ambient air quality measurementswithwind trgjectories. Sinceepisodic emissoneventsareaconsderation
in the TAPP, standard procedure dictates that a meteorological station should be in the vicinity of the air
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quality sensor (U.S. EPA, 1995). Inaddition, micro-scae measurements areimportant since meteorol ogy
can be different in urban versusrurd locations. Coastd areas, such as certain areas of the Vdley, may be
affected by land-sea breeze influences and would require micro-scale measurements (U.S. EPA, 1987).
In spite of these potentia micro-scale differences, visud examination of the wind direction deta et al three
gtes found them to be well correlated with each other indicating regiond wind patterns were dominant.
Previous assessments of wind direction at the LRGVESS centrd dte (close to Site 1) and the
Brownsville/South Padre Idand International Airport also reveaded good correations (Crescenti, 1997).
Most of the transboundary assessmentsin TAPP were developed using air pollution meteorology.

4.3 Air Quality Monitoring Strategy

The monitoring strategy for this study called for collection and andysis of dally samplesat dl three
monitoring Sites during the study’ sone-year period. Continuous, automated monitoring deviceswere used
to the extent feasible to capture the impact of intermittent emissons or accidenta releasesinto the air and
to determine diurna variation in pollutant concentrations where gpplicable. Continuous meteorological
measurementswere collected to support theinterpretation of air quality monitoring deta (e.g., to determine
whichdirection emissonswere coming from). The monitoring strategy aso relied on informeation gathered
from eva uation studies conducted in the LRGVESS. Table 4.1 shows the types of sampling made at the
three Sites.

Automated monitoring instruments were used by the U.S. EPA for the continuous collection of
hourly-averaged PM,, s mass and meteorological measurements. A manud integrative sequential sampler
(discussed in detall in Section 4.4.2.1) was used to collect daily samples of PM,, 5 over 24-h periods for
subsequent PM, s mass and trace element andysis, pesticide and PAH samples were aso obtained with
this sampler. This sequentid sampler permitted samples to be collected on a daly basis with minimal
attendance by a Ste operator to changefilters and other collection media. The sequentia sampler usedin
the TAPPisbeing evaluated by U.S. EPA aspart of the recent PM Research Program Strategy to address
issues arising from recent epidemiologica observations indicating an association between fine particulate
meatter ar pollution and mortdity (Dockery et al., 1993). All daily fine particle sampleswere analyzed for
mass and trace dements. Pegticides and PAHs were determined from 60 of these collected samples.
Sdlection of samples for pesticide and PAH analysis was based onwind direction and season of the year
to have a representative sample. For example, samples were chosen from northerly and southerly
directions to determine pesticide/PAH concentration differences between samples and which position that
could be potentidly indicative of transboundary transport.

A dichotomous sampler was used to collect PM,, 5 and PM,, ;o Samples on an every third-day
schedule (see Section 4.4.2.5). PM, 5 was collected on a quartz-fiber filter for Cz and C,. PM, 5.4
sampled with the dichotomous sampler was collected on polycarbonate filters and anayzed for massand
trace edement concentrations. Selected PM, 5 4, filter samples were dso andyzed for dementd
concentrations and particle morphology using scanning eectron microscopy (SEM).
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Asprevioudy stated, Site 2 wasthe principa stefor transboundary assessmentsduetoitslocation
downwind from anthropogenic influences that may be crossing the U.S.-Mexican border. In addition to
the instrumentation discussed, 24-h integrated direct (whole air) samples were collected in evacuated
electropolished sainless-sted canisters on an every sixth-day schedule by TNRCC at Siteland by U.S.
EPA at Site 2 for VOCs. Findly, two precipitation samplerswere operated at Site 2 to collect rain events
for trace element, pesticides and PAH determinations. A Belfort Weighing Rain Gaugewasadsoinddled
and used for determining amounts of precipitetion.

While discusson of the sampling, analyss and quality assurance procedures follows, readers
interested in a brief summary of sampling and andys's methods should examine Tables 4.2 and 4.3,
respectively. Table4.2 presentsthe sampling methods; Table 4.3 presentsasummary of analyssmethods.

4.4 Air Sampling and Analysis

4.4.1 Automatic/Continuous PM , ; Mass M easur ements

Ambient PM, s mass sampleswere collected continuoudy &t dl three Stesusing atapered dement
osaillating microbalance (TEOM® Series 1400a) (Rupprecht & Patashnick Co., Inc., Albany, NY). The
TEOM isaU.S. EPA equivdent method for direct mass measurement of PM,, (U.S. EPA equivadent
method designation number EQPM-1090-079 [U.S. EPA, 1990c]). A schematic of the TEOMsusedis
showninFigure4.2. The TEOMswerefitted with 2.5 um cycloneinlets (Modd URG-2000-30EH, URG
Corp., Chapd Hill, NC) to collect PM, 5.

To comply with the revised U.S. EPA Nationd Ambient Air Qudity Standards (NAAQS) for
PM,, 5, measurements must be collected according to Federal Reference Method (FRM) specifications
(U.S. EPA, 1997c). FRM specifications for fine mass were established after completion of this study so
the PM,, ; datain this study can only be used for research purposes. However, the cyclonic separation
techniques used in this study are valid and the data are comparable to FRM PM,, ; data.

TEOMswere configured to provide continuous, integrated 1-minute (min) and 1-h measurements
of PM,, 5 that penetrated the inlets of the monitors (defined by the 50% of the inlet effectiveness curve).
The TEOM issengtiveto rgpid temperature and line voltage fluctuations, and vibrations; thisholdstruefor
al microbaanceingrumentation. These changes average out over longer periods of time but can be highly
influentid for shorter intervas (Allen and Burton, 1991) such as time frames less than one hour. In the
TAPP, both 1-h and 24-h averaged TEOM data were used.

TEOMSss continuoudy monitor PM,, 5 by capturing particles on a sample filter mounted on the free
end of aclamped, vibrating, inertia, hollow-tapered tube. This tube functions as a mass transducer. An
andogy of this vibrating tube as amass transducer isthat of atuning fork with the frequency of oscillation
decreasing with increasing particle mass loading on an imaginary filter mounted at the freeend. Using the
rate of mass accumulation on the filter and the flow rate through the sample flow controller, the TEOMs
microprocessor determines the mass concentration. Further details of the TEOM can be found in
Patashnick and Rupprecht (1991).
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The flow-rate through the sample filter was set at a nomind rate of 3.0 liters per minute (L/min).
A bypass flow was used to provide an additiond 13.7 L/min for atota flow-rate of 16.7 L/min, thisbeing
the proper flow rate for the PM, 5 Sze sdective inlets (Figure 4.2). Inlet assemblies of the TEOMswere
at least 6 meters (m) above the ground and 1 m above the Sation shelter according to U.S. EPA Ambient
Air Quality Surveillance regulations (40 U.S. CFR, Part 58, 1988). The micro-balance assemblies were
located ingde the shelter and maintained at 40 degrees Celsius (EC). Microba ancefilters were replaced
at gpproximately two week intervals followed by cdibration checks. Data were reported as hourly mass
concentrations of PM,, 5 in Fg/m?® a standard conditions[25eC and 1 atmosphere (atm) pressure]. One-
minute average vaues were computed and stored for diagnostic purposes.

TEOMs sample particulate matter at a predetermined temperature level. The manufacturer
recommends the TEOM be operated a a controlled temperature of 50EC to minimize
adsorption/desorption effects of amaospheric moisture on the microbaancefilter. Whilethisreatively high
temperature doesreduce moisture effects (especidly on 1-h averages), it canresultinalossof semi-volatile
gpecies such as ammonium nitrate and semi-voldtile organic compounds, thereby resulting in the loss of
some mass(Allenetd., 1997). Todecreasethepotentiad for semivolatile compound and masslosseswhile
minmizing moisture effects, the TEOMSs were operated at 40EC. This was only 5£C above maximum
ambient temperatures encountered during the study. Although losses of semivolatile speciesand masscan
occur with thisingrument, all particulate matter monitoring devices (including time-integrated samplerslike
the dichotomous sampler [see Keder et al. (1988) as an example]) aso have potentia losses of mass
(Patashnick, 1998). Applications of red time particulate devices, in light of heightened interest in PM., s,
are undergoing continud evauation by U.S. EPA.

4.4.2 Manual/l ntegr ative M easur ements

4.4.2.1 Dual Fine Particle Sequential Sampler (DFPSS)

Integrated 24-h samples were collected every day at al three sites for PM, 5 and associated
elements using dua fine particle sequential samplers (DFPSS Modd URG-2000-01K) (URG Corp.,
Chapel Hill, NC). A diagram of the DFPSS used in this study is shown in Figure 4.3. The DFPSSisa
research sampling device that is currently being used and evauated by the U.S. EPA as part of the recent
Particulate Matter Research Program Strategy. As with TEOMS, inlet assemblies of the DFPSSs were
located in accordance with the U.S. EPA Ambient Air Quality Surveillanceregulations (40 U.S. CFR, Part
58, 1988, Appendix E). The DFPSS was operated with two separate channels, each with separate,
identica inlets (rain-caps) and 2.5 Fm cyclonic separators (Modd URG-2000-30EH) through which
samples are collected smultaneoudy &t aflow rate of 16.7 L/min. The 2.5 Fm cyclonic separators were
identical to the inlets used with the TEOM monitors to capture PM, 5. The DFPSSwasided for usein
remote areas (such as Site 3), required low maintenance (since cost wasafactor), and could s multaneoudy
collect a number of different pollutant species. The DFPSS aso codt-effectively facilitated everyday
sampling since the Site operator only needed to visit each Site once every three days.

Rain cap inlets for the DFPSS were outsde the monitoring shelter at the same height as TEOM
inlets. The 2.5 Fm cydone separators, filter packs, and distribution manifolds were ingde the shelter and
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maintained a room temperature. The 2.5Fm cyclone separatorswere configured insde the housing of the
DFPSS to reduce possible loss of semi-volatile compounds and surface reactions resulting from the high,
outdoor, summertime temperatures.

One channd of the DFPSS was configured with four sets of filter packs (Modd URG-2000-
22ABB-37-1), eachfilter pack holding a37-millimeter (mm) diameter Teflon® filter with 0.2 um poresize
(Gelman Sciences Inc., Ann Arbor, MI). Each filter collected PM, 5 and was later andlyzed for chemica
eement compostion including metds. The Teflon filters were pre- and post-weighed under controlled
temperature and humidity conditions to determine the 24-h average mass concentration of fine particlesin
ug/im? (see Section 4.4.2.2). These filters were also analyzed for trace elements by X-ray fluorescence
(XRF) (see Section 4.4.2.3). The other channd of the DFPSS was configured with four additiona sets
of collection assemblies (Modd URG-2000-30PUF), each assembly holding a 37 mm quartz-fiber filter
aong with a polyurethane foam (PUF) sorbent trap (URG, Chapd Hill, NC). PUF isfrequently used in
the sampling of semi-volatile organic compoundsin air, such as pesticides and PAHs (Lewis and Gordon,
1996). Quartz-PUF assemblies enabled sampling of pesticides and PAHs in particle and vapor phases,
the quartz filter collected semi-volatile compounds absorbed in fine particulate matter while the PUF
collected the vapor phase of the same species. Two samples, one on the Teflon filter and one on the
quartz-PUF assembly, were collected every day for a 24-h monitoring period, Starting at midnight and
ending a midnight thefollowing day. Sixty of the nearly 400 quartz-PUF cartridges collected at the three-
ste network were extracted for subsequent analysis for pesticides and PAHSs (see Section 4.4.2.4).

4.4.2.2 Mass (Gravimetric) Determinations

Ambient particle samples collected on Teflon filters using the DFPSS were equilibrated and
weighed before and after sampling (gravimetric andysis under controlled temperature and humidity
conditions) using an ATI Cahn Mode 35 (Andytica Technology, Inc., Boston, MA) microbaance with
an accurecy of 0.1 ug. Gravimetric analyses were performed under controlled temperature and humidity
conditions. Weght measurementswere conducted in atemperature-controlled (24-30EC) and humidity-
controlled (20-45% rdlative humidity) room with the filters being placed in the room approximately 24-h
in advance of gravimetry to equilibrate. Electrogtatic charge was removed from each filter before actua
weighing. Beforeand after deployment inthefield, dl filterswereingpected for holesor other imperfections
and kept in labeled Petri dishes.

The pre-sample(tare) filter masswas determined to the nearest microgram (ug). Find filter masses
were determined as the difference between the pre-sample and final weights. The baance's zero reading
was checked regularly and the balance was re-cdibrated if zero or precison testsfailed. Every seventh
filter placed on the balance (after aset of Sx other filters had been weighed) wasare-weigh of thelast filter
before a routine check of the balance was done using a 200 mg NIST tracesble weight (a Class "M"
weight). If the NIST traceable mass exceeded a2 ug limit, the balance was re-caibrated and the previous
set of sx filters was reweighed. The micro-baance was cdibrated at the beginning of each weighing
session with the NIST traceable mass.

4.4.2.3 X-ray Fluorescence (XRF) Analysis
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After massdetermination, dl Teflon filtersfrom the DFPSS and coarse channd of the dichotomous
sampler (discussed in Section 4.4.2.5) were submitted for elementa analysisusing energy-dispersivex-ray
fluorescence (XRF) spectrometry. A Lawrence Berkeley Laboratory (LBL) X RF spectrometer, custom
built for ar filter analys's, was the principa XRF insrument used in this sudy. Since the LBL could not
analyze Sodium (Na) and Magnesum (Mg), 21 samplesfrom Site 1 and approximately 90 samples, each,
from Stes 2 and 3 were re-analyzed for these two elements by XRF using a Kevex EDX-771 (Kevex,
Vdencia, CA). The basic principle of XRF isthat an X-ray beam irradiates the filter sample that causes
each dement in the sample to emit characterigtic X-rays. These X-ray emissions are then detected by a
solid state detector, this being the spectrometer. The concentrationfor each eement was cal culated from
the area under the analytical peaks for each element (Dzubay and Stevens, 1991). XRF only measures
total element concentrations; it cannot distinguish eementsin specific chemica compoundsor ionic species.

XRF dataconsst of dementa concentrationsin fine particlesin nanograms per cubic meter (ng/n;
ananogram is one-millionth of amilligram) for up to 45 dements ranging in aomic number from 11 (Na)
to 82 (Pb); thisrange includes most metals of environmenta concern. Associated with each concentration
isan uncertainty vaue a the 68% (1F) confidenceleve. Thisvaueisdetermined by propagating theerrors
(uncertainties) inthe parametersused in cal culating the concentrations. These parametersarevolume, x-ray
attenuationby thelayer of fine particles, calibration standard concentrations, counting Satigtics, interference
corrections, and system stability. Datareported herefollow genera recommendationsthat aconcentration
must be greater than 3 timesits uncertainty for an element to be considered as detected.

U.S. EPA-approved Standard Operating Procedures (SOPs) for the LBL and Kevex XRF
andyticd instrumentation werefollowed for all measurements(Kellogg, 1993; Kellogg, 1994). Cdlibration
of the XRFs were based on ingrument response to single-element, thin-film standards. Additional
cdibration of the Kevex was basad on instrument response to two eementsin the form of organo-metalic
compounds dissolved in a polymer. Accuracy (+ 10%) wasvalidated by comparison to Nationd Ingtitute
of Standards and Technology (NIST) standards. Precison (approximately + 7%) was determined by
repeated analyses of qudity control (QC) standards. A maximum of 72 samples per sesson for the LBL
using a set of 6 QC standards and up to 60 samples per session for the Kevex using a set of 3 QC
standards were used. The set of QC samples was measured at the start and end of each analysissession.
QC charts were maintained automaticaly for each eement.

4.4.2.4 Pesticide and Polycyclic Aromatic Hydrocarbon (PAH) Analyses

All daily quartz-fiber filtersand PUF plugsfrom the PUF cartridges collected with the DFPSSwere
extracted after sample collection; sixty of these sampleswere andyzed for pesticidesand PAHs. Sdlection
of the samplesfor analysiswasbased on meteorol ogical conditions (e.g., wind direction) and season of the
year. Quartz-fiber filters and PUF plugs were obtained from commercia suppliers (QST Environmenta,
Gainesville, FL), pre-cleaned, and acceptance-tested for blank concentrations.

Each filter and PUF plug chosen for andysis of pesticides and PAHs in ar were continuoudy
solvent-extracted in a Soxhlet gpparatus for 18 h using 500 milliliters (mL) of 10% volume-by-volume
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diethyl ether in hexane (pesticide residue grade). Solvent reflux rates were approximately 4 cycles per
hour. Before extraction, surrogate, deuterated (i.e., heavy hydrogen isotope) semi-volatile compounds
were added (i.e., spiked) to each Soxhlet gpparatus containing thefilter and PUF materid. Thiswasdone
to monitor extraction efficiency and assess overal method performance.  After extraction, the 500 mL
extract wastransferred from the Soxhl et gpparatus through asodium sulfate drying columninto aKuderna
Danishapparatus and was concentrated down to about 5 mL on ahot water bath. The extract wasfurther
concentrated in a5-mL graduated receiver and placed under agentle stream of nitrogen to be reduced to
afinad volumeof 1 mL. The solvent extract wasthen transferred with a disposable glass pipette to aglass
auto-sampler vid, sealed with a Teflon-lined crimp top, and refrigerated at 4EC until andyss.

Andysesof pesticideand PAH samplesfromair and preci pitation (discussed | ater) were performed
using gas chromatography/mass spectrometry (GC/MS) with selected ion monitoring (SIM). Two SIM
anayses of each extract were performed. The andytical procedure was based on U.S. EPA Ambient Air
Toxic Protocol (ak.a, U.S. EPA Compendium Method) TO-4 (Modified) for pesticidesand U.S. EPA
Compendium Method TO-13 for PAHs (Winberry et al., 1988; 1990). Theinstrument used for andyss
was aHewlett-Packard (HP) 5890 Series || GC (Hewlett-Packard, Palo Alto, CA) with amass selective
detector (Modd HP 5972A M SD with an HP Chemstation data system to collect chromatographic data).
The GC was equipped with an dectronic pressure control split/splitless injection port and an HP 7673
auto-sampler. The GC column was a DB-5 MS (J&W Scientific, Folsom, CA) fused silica capillary
column (0.25 mminternd diameter (ID) x 30 meters (m) length, 0.25 pm film thickness). Helium was used
as the carrier gas and the GC injection port temperature was 280EC. The GC was temperature-
programmed with andyss performed by initidly maintaining the GC oven gart temperature at 50eC for 2
min, increased at arate 20EC per minute up to 120EC, and then increased again at a rate of 10EC per
minute from 120EC to 320eC. Quantification was performed using afive-point cdibration curve.

4.4.2.5 Dichotomous Sampler

Fine (PM, 5) and coarse (PM,5.40) particle samples were collected at al three sites for 24-h
periods on an every third-day schedule usng amanua dichotomoussampler (SerraModd 242, Graseby-
Andersen, Smyrna, GA). The dichotomous sampler is a U.S. EPA-approved equivalent method for
measuring PMy, (U.S. EPA, 1990b); it is capable of separating and collecting particles less than 10 Fm
aerodynamic diameter into fine and coarse fractions. Figure 4.4 isadiagram of the dichotomous sampler.
PM,, 5 collected with the dichotomous sampler was andyzed for Cc and C,; PM, 5., was andyzed for
mass by gravimetry, dementa concentrations by XRF, and inorganic paticle chemica
composition/morphology by SEM.

The dichotomous sampler conssts of an inlet that collects particles of less than 10 um in
aerodynamic diameter and separates them into PM, s and PM, 5.4 fractions. Theinlet for thissampler is
engineered to prevent passiveloading of particulate matter duetowind-blowndust. Dichotomoussamplers
were |located in accordance with 40 U.S. CFR, Part 58 (1988). Once past the inlet, the 10 um particles
arefractionated by meansof avirtua impaction method so that PM,, 5 is collected on onefilter and PM., 5.4
is collected on the other filter. Theflow ratefor the dichotomousinlet/separator sysemis16.7 L/minwith
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10% of the flow passing through the coarse particle channd and 90% passing through the fine particle
channd. PM,, 5 was collected on 37 mm quartz-fiber filter mediafor carbon analyss. The coarse particle
fraction was collected on 37 mm polycarbonate filters with 0.4 Fm pore sze for mass and congtituent
element determinations. In the dichotomous sampler, the coarse particle fraction filter normaly contains
about 10% of thefine particlefraction collected. Thus, thesefilterswere archived and thefine particleson
them were analyzed by SEM aswell.

4.4.2.6 Carbon Analysis

Air samples collected on quartz-fiber filters usng the dichotomous sampler were andyzed for C
and C,, concentrations (Sunset Laboratory, Forest Grove, OR). An approximate 1.5 ci? plug was cut
from each quartz-fiber filter for andyss. The carbon andyzer conssts of athermd and an optica system
known as Therma Optica Trangmisson (TOT). The basic principle of TOT is to heat the filter,
progressvely, to liberate the carbon species, during combustion, the liberated species are continuoudy
andyzed by ahdium-neon laser beam that passes through the filter to monitor filter transmittance.

The sampleisplaced inthe combustion oven of theinstrument and heated to 350°C in a2% oxygen
(O,) - 98% helium (He) atmosphere to remove as much apparent C,, as possible on thefilter. Asorganic
compounds are vaporized, they areimmediately oxidized to carbon dioxide (CO,) in amanganese-oxygen
bed in the oven. The CO, then goes to amethanator oven whereit is converted to methane and andyzed
by aflame ionization detector (FID); this methane is measured to estimate gpparent C,,. The combustion
oven isthen purged with He to remove O.,.

Trangtion to higher temperature steps (from 500EC to 700EC) quickly decomposes inorganic
carbon; during thisphase some organic compounds, sometimes as high as 30%, are pyrolytically converted
to Cc. This carbon is caled carbon-char; if not corrected, some charred G, would be incorrectly
characterized asC. To account for charring, the combustion ovenis cooled to 525eC and the 2% O,/98
% He atmosphere is switched into the combustion oven; this isfollowed by temperature increments up to
850EC for complete combustion of Ce. In digtinguishing C,, from Cg, the point in time on the thermogram
reedout a which initid filter transmittance occurs is termed as the “ split” between G, and C.. Carbon
before this“ slit” intimeistermed C,, and carbon after the“ split” istermed C. Based on the FID response
and laser transmission data, the amounts of G, and C: are calculated and reported in Fg/n?. C,
concentrations were multiplied by 1.4 to account for unmeasured contributionsto aerosol mass of oxygen,
hydrogen, and nitrogen of the organic aerosol compounds (U.S. EPA, 19964). Further details of carbon
andysisby TOT are discussed in Birch and Cary (1996) and Birch (1998).

4.4.2.7 Scanning Electron Microscopy (SEM)

PM, 5 1, samples collected on polycarbonate filters obtained using the dichotomous sampler were
weighed for coarse particulate mass by gravimetry, followed by individuad particle chemistry and
morphology by Scanning Electron Microscopy (SEM). Computer controlled SEM coupled with energy
dispersve x-ray analyss (EDX) was done on selected samples using an R.J. Lee Persond SEM Model
PSM-75 (R.J. Lee Group, Monroeville, PA). Both fine and coarse particles were analyzed on the
polycarbonate filters since gpproximately 10% of fine fraction particulate matter collected with the
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dichotomous sampler deposits on the coarse fraction filter. Hopke and Casuccio (1991) provide further
details on SEM as atool for characterizing aerosol for source apportionment.

For each sample, a predetermined number of particles were characterized in both the coarse and
fine 9zefraction by SEM/EDX. Size, morphology and chemistry data were tabulated for each particle,
and then assigned to one of severa classesbased onthese properties. A total of 20 sampleswere anayzed
in this manner.

4.4.2.8 Volatile Organic Compound (VOC) Sampling

Integrated 24-h whole air sampleswere collected by the U.S. EPA on an every sixth day schedule
at Ste 2 for VOC andyss using an ambient VOC collection system with time/event control (Graseby,
Smyrna, GA). The TNRCC conducted VOC sampling a Site 1 using Smilar instrumentation (TNRCC,
1986). Unlike inorganic particles, VOCs are present in the atmosphere in the gas phase due to their high
vapor pressures, this is the reason that they are collected in whole air samples and not on filter media.
V OCs sampled included benzene, a well-known carcinogen. VOC sampling was based on U.S. EPA
Compendium Methods TO-14A and TO-15 (Winberry et al., 1988; 1990; McClenny et al., 1991; U.S.
EPA, 1997a). Samplinginstrumentation and canister samplerswere certified to beclean accordingtothese
methods. Canigters were cleaned by heating them in an isotherma oven to 100EC to remove the less
volatile VOCs from the walls of the canisters. The certified clean collection sysem consstsof againless-
stedl inlet, agtainless-sted air pump to pressurize the sampled air, amass flow controller that regulatesthe
pressurized air flow, an open/close solenoid valve, and a glass and stainless sted manifold that directs
sampledairintoacertifiedclean, 6-liter (L), SUMMA®-polished sainless-sted canister (BRC/Rasmussen,
Hillsboro, OR). SUMMA (dectro-)polishing isperformed on theinterior surface of al VOC canistersto
prevent VOCs from reacting with the canigter interior. Particles are removed by a stainless-sted filter
upstream of the flow control devices. Sampleflow rate into the canister was controlled at a constant rate
by the mass flow controller. The mass flow controller was set so that only afixed flow rate was possible;
flow rate was set at about 8 cubic centimeters/min (cc/min) to fill the 6-L canister to about 200 kPa (2
atmospheres) pressure in 24 hours. Ambient air was collected by a side stream sampling technique from
alarger manifold flow to avoid contamination or samplelossfrom thelow flow through the manifold system.
All flowswere activated/deactivated with an dectronic timer sysem. Actud sampling duration for canister
samplers was recorded on an elgpsed time meter. In the LRGVESS, this sampling system was cdled an
active canister sampler (Mukerjeeet al., 1997a). Figure4.5isadiagram of theVOC sampler system used
in TAPP.

As previoudy stated, 6-L canisters were certified clean according to the U.S. EPA Compendium
Methods TO-14A and TO-15 cleaning procedure before sampling. An Entech Model 3000 Canister
Conditioning System (Entech Instruments, Smi Valey, CA) was used to clean and leak check the
canigers. Clean canisters were pressurized with humidified ultrapure air and analyzed by a gas
chromatograph/mass spectrometer system (GC/MS, discussed in Section 4.4.2.9) to certify that target
anaytes were not above the reporting limits (<0.2 parts per billion by volume, ppbV). The 6-L canigers
were then evacuated to about -29.72 in of mercury (vacuum). The sampleinlet manifold was conditioned
by purging with ambient air at arate of 150 mL/minfor at least 12 h before the onset of canister sampling.
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Evacuated canisterswereinstalled for up to severa daysbefore the sample collection period. Asrequired
under 40 U.S. CFR 136 (1979), canisters were shipped to the andysis laboratory within 7 days after
sample collection to avoid sample degradetion.

4429 VOC Analysis

VOCs analyzed by the U.S. EPA were done using a method based on U.S. EPA Compendium
Method TO-14A (Winberry et al., 1988; 1990; McClenny et al., 1991; U.S. EPA, 19974). A Finnigan
INCOS 50X L GasChromatograph/Mass Spectrometer (GC/MS) (Finnigan MAT, San Jose, CA) system
wasused. According to Godish (1997), thebasic principa of gaschromatography isthat *...moleculesare
adsorbed on a column of granular packing materid. The collected gases are desorbed from the
chromatographic column by heating. Because of differences in the strength of adsorption, each gas[ig]
released at digtinct intervals. Gases segregated by their differentia desorption rates passthrough adetector
where the relative concentration of each is determined.”

The GC/MS system was operated in the full SCAN mode to scan dl ions repestedly during the
GC run; this provided positive compound identification. The GC/M S system was interfaced to an Entech
Model 2000 Preconcentrator. The three-stage preconcentrator removed moisture and carbon dioxideto
enable measurement of non-polar and polar VOCs at concentration levels as low as 0.05 ppbV. The
Entech Mode 2000 Preconcentrator was an automated cryogenic (liquid nitrogen cooled) trap equipped
with a 16-position auto-sampler manifold. Canisters were connected to the manifold for analyss; lesk
checks of the connection were done.

Dally, routine tuning and cdibration of the GC/MS were done; this was based on U.S. EPA
Compendium Method TO-15 (U.S. EPA, 1997a). The QC procedure consisted of : 1) instrument tuning
usng a 4-bromofluorobenzene instrument performance standard before any samples were andyzed, 2)
initid calibration at six concentration levels (0.05, 0.1, 0.5, 1, 5, and 10 ppbV) to determine linearity of
GC/M Sresponsefor thetarget compounds, 3) continuing calibration using alaboratory 1 ppbV cdibration
standard of target compounds at the start of each 12-h period of analysis, 4) alaboratory method blank
(cleaned canister pressurized with humidified ultra-pure grade nitrogen) after continuing calibration and
before samples were andyzed, 5) aNIST reference standard analyzed in duplicate within a 24-h period
to measure analytica precison, and 6) analysis of a laboratory standard/surrogate deuterated standard
conggting of five compounds at certified concentrations done with each standard, blank, QC, and fidd
sample to monitor repeetability and sability of the andyticd system. If VOCsin a sample were gregter
than the initid cdibration range, andiquot of the origina samplewasdiluted to get the largest andyte pesk
within the cdlibration range and re-anayzed.

The canister sampler was vented to a tee connection from which an diquot of the air sample (500
mL in volume) was drawvn using amass flow controller and apump. Theair samplewasintroduced to the
firg stage of the preconcentrator where sample components were collected in a multi-bed glass bead
cryogenic trap (1/8-in nickel tube) and cooled (via controlled-release) during sampling to -150°C with
liquid nitrogen. This volume of sample was used o as not to exceed the GC column capacity. After the
500 mL samplevolumewas cryogenicaly trapped, thefirst stage of the preconcentrator was heeted rapidly
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to room temperature and purged at 10 mL/min for 4 min with helium to transfer the trapped VOCsto a
second-stage cryogenic trap (1/8-in nickel tube) containing Tenax® TA sorbent (Alltech Associates, Inc.,
Deeafidd, IL) cooled to -10EC with liquid nitrogen. Nearly al of the sample water remaining in the firgt
trap was purged with helium and baked off. The reduced-temperature Tenax trap re-trapped the VOCs
but alowed the co-collected carbon dioxide to pass through. The second stage trap was then heated to
180EC and back-flushed with hdiumto athird stage, fused silicaMegabore® (0.53-mm ID) cryofocusing
trap (J&W Scientific, Folsom, CA) which was cooled (via controlled-release) to -160eC with liquid
nitrogen. After completion of heating and back-flushing the second trap, the Megabore trap was heated
very rapidly to above 100eC to facilitate efficient transfer of V OCs onto the GC column. The GC column
used to separate volatile components was a DB-1 (J&W Scientific, Folsom, CA) fused slica capillary
column (0.32 mm ID x 60 m, 1 pm film thickness).

The GC oven was started at 35EC and held for 5 min, ramped at 6EC/min to 180EC, and then
programmed at 7.5eC/min to 225eC. The hdlium carrier gas flow was set a 1 mL/min. TheMSSCAN
rate was 0.8 seconds per scan, 29-31 atomic mass units (amu), then 33 to 270 amu.

4.4.2.10 Precipitation Samplers

Pesticide and PAH samplesfrom precipitation were collected on an event basisat Site 2 only, using
an MIC Series"C" automated rain sampler manufactured by M.1.C. Company (Richmond Hill, Ontario,
Canada). The MIC system is equipped with arain sensor connected to a lid control assembly. When
precipitationisdetected, thelid assembly opensand precipitation collection begins. Collection stopswhen
precipitationis not detected. The precipitation is collected by a Teflon-coated, square funnel and drained
through an XAD-2 resin cartridge into a polypropylene collection bottle. Further details of the MIC are
discussed in Strachan and Huneault (1984) and Franz et al. (1991). The SOP caled for the XAD-2
cartridgesto bereplaced after each rain event; if therain event did not produce an adequate sample (which
was dways the case) the cartridges would be retained in the sampler and replaced weekly. Cartridges
were extracted for pesticide/PAH andysisby GC/M Sin thesame manner asthe quartz/PUF samplingtrain
described in Section 4.4.2.4.

Measurements of metal and inorganic deposdition from preci pitation were done on an event basis
usng an automated Aerochem precipitation sampler (Modd 301, Aerochem Metrics, Inc., Bushndll, FL).
This device is commonly used in acid rain monitoring. While this sampler can collect wet and dry
deposition, only wet deposition was measured. A recent review of precipitation research has advocated
the need for wet-only precipitation collection in urban areas (Gatz, 1991). Wet-only collection with the
Aerochem sampler has been conducted in other studies (Nations and Hallberg, 1992; Vermette et al.,
1995). The Aerochem sampler consigts of two Teflon-coated containers and a common lid mounted on
anduminumtable. Likethe MIC system, the Aerochem Metrics sampler hasarain sensor that automeates
the lid to open only during precipitation events. The lid sedls the wet deposition container when there is
no precipitation to prevent significant evaporation and dry deposition contamination. When precipitation
occurs, thelid movesto the dry deposition container and preci pitation collection begins. Precipitation from
the wet deposition container was poured into a 2-L collection bottle and subsequently anadyzed for trace
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metals by inductively coupled plasma mass spectrometry (ICP/MS, see Section 4.4.2.11). Additiona
discussionof the Aerochem Metricssampler canbefoundin U.S. EPA (1986) and Vermetteet al. (1995).

4.4.2.11 Precipitation Analysis

Tracemetalsin precipitation were anayzed with aPerkin-Elmer Elan 5000 ICP/MS. ICP/MSwas
used since it can detect total metals in precipitation samples a very low concentrations. This method
mesasures ions produced by the ICP. The ICP introduces the atomic ions entrained in plasma gasinto a
guadrapole M S via awater-cooled interface. The MS can provide a resolution of at least 1 amu peak
widthat 10% of the pesk height. The eemental and molecular ions produced in the plasmaand thoseions
formed during the introduction of the ion beam into the M S are sorted according to their mass-to-charge
ratios and quantified with a channd dectron multiplier.

XAD-2 cartridges collected with the M1 C sampler were andyzed for the same pesticide and PAH
gpecies as the quartz filters and PUF cartridges from the DFPSS.

4.4.2.12 Meteorological M easurements

Standard meteorol ogica parameters were measured continuoudly at each ste by aMode 05305
AQ wind monitoring system (R.M. Y oung Co., Traverse City, MI) which was attached at the top of a 10
m tower. Meteorologica parameters measured were scalar-averaged wind speed in meters per second
(m/sec), vector-averaged wind speed (m/sec), vector-averaged wind direction (degrees) and its standard
deviation(degrees), temperature (EC), and rdativehumidity (percent). Meteorol ogical measurementswere
conducted according to standard methods (U.S. EPA, 1995). The meteorological measurementsfor Site
1 were provided by the TNRCC. Complete meteorologica systemswere installed and operated at Sites
2and 3.

The meteorologicd system consisted of awind vane to measure wind direction and a propeller to
messure wind speed. A magnetic compass adjusted for the published locd direction of themagneticfidd
wasused to dignthewind vane. Temperature a the mast was monitored with a Rotronics M P-100 1000
S temperature sensor. The sensor was mounted in a gill-aspirated radiation shield (R.M. Y oung Moddl
43408) that was ventilated by a continuous eectric fan. Data outputs were collected every second and
stored in an on-Site computer that were then averaged over 1-minute periods; these 1-minute results were
eventudly converted to averages compatible with the averaging times for the air pollutant monitoring
devices.

Dally averaged vaues were caculated using the period of midnight to midnight the following day
to be compatible with the daily integrated sampling of the other devices. Average wind directions were
caculated only for those hours and dayswhere meteorol ogical sensor results having aminimum wind speed
of 0.5 m/sec were available for a least 75% of the hours. If this condition was not met, the result was
consdered cam; this is a standard meteorological measurement practice (U.S. EPA, 1987). The
occurrence of cam winds during the monitoring study wererare. 1t should be noted that all ar pollution
data collected were summarized in tabular form, even if a wind direction could not be adequately
caculated.
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4.5 Quality Assurance/Quality Control (QA/QC) Program

The primary objective of thequdity assurance/qudity control (QA/QC) programfor thisstudy was
to ensure that vaid data were collected and to provide the best standards in maintenance and operation
of the monitoring stations. To accomplish this objective, a Quaity Systems Implementation Plan (QSIP)
wasdeveloped using U.S. EPA QA guidelines(U.S. EPA, 1980). The QSIP ensured that work plansand
operations procedureswere developed for all measurement, monitoring, and datareduction activitiesprior
to theinitiation of data gathering activities. Aspects of the QSI P are detail ed throughout Sections 4.4 and
this section. Overd| qudity of operation was evauated by routine systems audits, performance audits, and
data management system audits.  Ingtrument error was minimized by periodic cdibration, proper
maintenance, and a consstent sampling methodology. TNRCC aso met data qudity objectivesfor their
measurements in accordance with these procedures (TNRCC, 1986).

Uponimplementation of Site operations, routine vidts by Ste operatorsto the stations occurred on
an every third day basis, beginning a gpproximately 0800 hours, Centra Standard Time.  Such vidts
included i ngpection, maintenance, and cleaning of monitoring equi pment, performance of routine operations
(e.g., monitor checks, and filter changes), evauation of equipment status and performance, and shipment
of samples, data printouts, data disks, and associated documentation. Non-routine Site visits were done
in response to equipment mafunctions, data anomalies, or other problems identified by project saff. All
Site operator duties were prescribed in appropriate Standard Operation Procedures (SOPs).

4.5.1 Automated/Continuous Monitors

TEOM monitors and meteorologica equipment were ingpected to verify overdl system integrity
and performance. Current values for flow rates, concentrations, and other critica parameters were
recorded and revised for reasonableness. As stated previoudy, microbaance filters were changed
biweekly. Sampleinletswereingpected for damage; cables and power cordswere ingpected for damage,
sgns of wear and tear, and proper connection.

Acceptance criteria for hourly average concentrations from the TEOM were as follows. 1)
microbaance mass verification checks were to be within 2.5% of the manufacturer's program-vaue
gpecifications, 2) biweekly checks of main (3 L/min) and bypass flows (13.7 L/min) were to bewithin 5%
of preset flow, 3) microbaance filter mass loading checks were to be no greater than 80% of the loading
limit set by the manufacturer, 4) microba ance assembly temperaturewasto bewithin 1% of setting (40EC),
and 5) daily (24-h) averaging from 1-h intervas had to have at least 18 h available data.

Data quality objectives for meteorologica measurements were based on the following factors: 1)
wind direction was to be accurate to within + 5, 2) wind speed to be accurate at + 0.25 m/sec for wind
speeds < 5 m/sec, and £ 5% for wind speeds> 5 m/sec, 3) ambient temperature accuracy wasto bewithin
+ 0.5EC, and 4) relative humidity was to be accurate to within + 5% over the range of 10 to 95%.

Operations of dl continuous ingruments were reviewed by a data acquistion sysem (DAS)
edtablished at each Ste. The DAS is a computer-based system that allows site operators and off-site
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project personne (in Research Triangle Park [RTP], NC) to view datafrom dl continuousinstrumentsand
for off-gte queries of data. Each DAS was queried every day automaticaly for flow and recorded. Site
operators checked the date and time of the DAS and reviewed datato ensure correct operation. Stored
data were transferred (downloaded) eectronicaly every day. Study coordinators reviewed the status
checks and hourly minimum and maximum values from the DAS. If a problem was detected, the field
operations supervisor contacted the Site operator to pursue corrective action or arrange anon-routine site
vigt.

Teephone communications between site operator and project personnd in RTP took place
regularly. Following every ste change-out, Site operators reported results, QC sheets, persona
observations, and other information contained on the check sheets. If the field operations supervisor
detected a problem from inspection of the sheets, corrective action (orders, ingtructions, etc.) would be
issued to the Site operator.

4.5.2 Manual/Integrated Samplers

Site operatorsingpected aerosol sampling systemsevery third day to verify overdl system integrity
and performance. During each filter exchange, the operator determined that the massflow controllerswere
st at dedired flow rates based on the last cdibration data. Adjustments to flow controller settings were
made before operation to ensure that design flow rates were achieved for each sample event. Flow
systems were lesk-tested biweekly. Dates, times, egpsed times, initid and find flow rates, and lesk and
flow checkswere recorded on the system’'s multi-copy samplelog sheet. Aerosol filter packs (quartz-fiber
and Teflon filters) were changed after every third day of exposure; quartz filter/PUF samples were stored
in an on-ste refrigerator. Feld blank samples (samples taken to the field and returned without use) were
sent to the Site, returned to theandytical |aboratory, and anadyzed with each filter shipment. Sampleprobes
were ingpected for damage and contamination and repaired and cleaned, if necessary.

Sample filters were packaged in petri dishes and shipped in cushioned shipping containers dong
with documentation. Filterswere retained on-dte until the last sample of abiweekly period was removed
from each sampler unit. When shipping samples, a chain-of-custody form was completed, that included
dl of the samplesin the shipment, date of shipment, shipping method, sender's name, and any specia notes
or events relating to those samples. A copy of the chain-of-custody form waskept on-site. Quartz-fiber
filter/PUF samples were shipped cold in insulated Thermos containers to appropriate laboratories for
andyss. Chain-of-custody formswere copied for Siterecords, and the origina returned with the samples.

QA/QC proceduresfor the dichotomous sampler were followed according to U.S. EPA (1992b)
and were verified in the field audit discussed in Section 4.5.3. Collection and analysis of canister samples
were according to U.S. EPA Compendium Method TO-14. Findly, qudity assurance objectivesfor the
andyss of ambient air pesticides and PAHs were according to U.S. EPA Compendium Method TO-13.

4.5.3 Systems and Perfor mance Audits

Beyond internd and independent audits of field sampling and laboratory analys's procedures
previoudy discussed, dl air monitoring Sites were audited by the U.S. EPA.  In generd, the system audit
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reveded that Contractor personnd were following procedures written in the QSIP. The eva uationaudit
of mass flow controllers for the TEOM, dichotomous samplers, and DFPSSs were within the required +
10%.

Temperature and relative humidity sensors were within reasonable values (temperature sensor
within 0.5eEC and relative humidity probe within £ 10%) of the results obtained from NIST audit
indruments. Wind direction, 1 min averageswere within areasonable vaue of Sghting dong thewind vane
with a pocket trangit (approximately 5 at Sites 2 and 3 dthough buffeting by the wind was subgtantid).
TEOM mass verifications were within £ 2.5% of the manufacturer's program va ue required by the QSIP
and recommended by the manufacturer. SOPsrequired by the QS Pwere not completeand werenot fina
documents. The auditor did not observe any of the SOPs required by the QSIP available a the Sites.

The meteorologica tower at Site 2 wasaigned to magnetic North instead of true North asrequired
by the QSIP. The TNRCC meteorologica tower at Site 1 was aso aigned to magnetic North.

The Contractor responded to this audit by providing appropriate SOPs at each dtation and
religning the meteorological tower at Site 2 to true North. The wind direction data was corrected in all
files collected prior to redignment based on the EPA audit findings, dl other quality assurance objectives
for meteorology as stated in U.S. EPA (1995) were followed. Meteorologica data for Site 1 was
collected by TNRCC and provided to U.S. EPA under an agreement initiated at the beginning of the studly.
According to TNRCC, wind direction dataat Site 1 were corrected to true North before transmission for
dataanadysis. Meteorological datafrom Site 2 was adjusted to compensate for the 6.5E easterly magnetic
declination of Brownsville; only after adjustment to true North was the wind direction data at Sites 1 and
2 used.

An extended drought condition inthe Lower Rio Grande Valey, which existed sncethe beginning

of the study, occurred during the U.S. EPA audit. As aresult, none of the precipitation samplers were
audited by the U.S. EPA.
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Table4.1. Measurements performed at the three Transboundary Air Pollution Project Sites.

Site
SN I I I I IIIIIIIIIII
1 2 3

Monitoring Component

Automated (near real-time) Duration 1-h avg 1-havg 1-h avg
Fine Particulate Mass Frequency hourly hourly hourly
(PM,;) from TEOM?

PM, from DFPSS®

Trace Elements Samples Analyzed ~365 ~365 ~365
Frequency daily daily daily

Pesticides/PAHs® Samples Analyzed <S))))Q60 for all three sitesS))))Q>

Dichotomous Sampler

Particulate Carbon® (PM, ;) Samples Analyzed ~120 ~120 ~120
Frequency 39 day 39 day 3 day

Coarse Particulate Mass Samples Analyzed ~120 ~120 ~120

(PM,510) Frequency 3 day 3 day 3 day

Particle Shape & Chemistry
Coarse Particulate Mass

(PM, ¢ 10) Samples Analyzed <S))))Q20 for all three sitesS))))Q>
VOCs*® from 6-L Canister Duration 24 h 24 h N/M¢
Sampler Frequency 6th day' 6th day
Precipitation (rain) sampler

Metals Duration N/M event N/M
Pesticides/PAHs Duration N/M event N/M
Meteorology Duration 1-h avg' 1-havg 1-h avg
(Wind Speed, Dir.", Frequency hourly* hourly hourly

Temp.', Rel. Humidity)

8TEOM = Tapered Element Oscillating Microbalance (near real-time monitor)

PDFPSS = Dual Fine Particle Sequential Sampler

®PAHs = Polycyclic Aromatic Hydrocarbons

dcarbon = Elemental Carbon (Ce) and Volatilizable Carbon (Cy, from combustion activities)
€VOCs = Volatile Organic Compounds

*Measured by Texas Natural Resource Conservation Commission

9N/M = No Samples Measured

_hDir. = Wind Direction

'"Temp. = Temperature

IRel. Humidity = Relative Humidity

kOnIy wind direction data provided by TNRCC on hourly basis; Wind speed, Dir., and Temp. provided on 24-h avg
along with a 24-h avg Dir.
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Table4.2. Sampling methods for air and precipitation monitoring.

Sampler Operating Collection Parameters Reference
Type Flow Rate Media Measured
(L/min)

TEOM®? 3 Teflon-coated Mass Patashnick and
glass fiber (<2.5 pm, Rupprecht, 1991
filter continuous)

DFPSS® 16.7 Teflon®® Mass, trace
filter elements

(<2.5 pm)°
quartz filter, Semi-volatiles
polyurethane  (Pesticides,
foam (PUF)¢ polycyclic aromatic
hydrocarbons [PAHs])

Dichotomous 16.7 quartz filter Elemental & U.S. EPA, 1990b

Sampler semi-volatile

carbon

(<2.5 um)
Polycarbonate Mass, trace
filter elements

(2.5-10 pm)

Active 0.016 6-L evacuated Volatile organic U.S.EPA

canister canister compounds (VOCSs) Compendium

sampler Methods TO-14°¢
and TO-15'

MIC Sampler N/A® XAD-2 Pesticides, PAHs Strachan and

(Precipitation) Huneault, 1984

Aerochem N/A Teflon® Metals Vermette et al.,

Metrics® bucket (Precipitation) 1995

sampler

Meteorology N/A N/A Wind speed, wind U.S. EPA, 1995

direction, air temp.
humidity

8Tapered element oscillating microbalance
PFlow rate on filter; bypass flow of 13.67 I/min
CFirst channel

dsecond channel

®N/A = not applicable
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Table4.3. Andytica methods for time-integrated monitoring.

Species Method Preparation Reference
PM,¢ Gravimetry 24-h conditioning, Chow, 1995;
24-30°C, 20-45% ESE, 1996

relative humidity

Carbon (C, and Cy) Thermal-optical Cold storage Birch and Cary, 1996
Transmittance Birch, 1998
Trace elements (fine X-ray fluorescence Dzubay and Stevens
1975;
and coarse) Kellogg 1993; Chow,
1995
Trace metals ICP-MS*® Vermette et al., 1995
(precipitation)
Fine particles Scanning electron 4x4-mm section of Hopke, 1985; Hopke
microscopy polycarbonate and Casuccio, 1991;
(coarse fraction) Chow, 1995

filters on 13-mm-
diameter carbon

planchets
Volatile organic GC/MS/SCAN® U.S. EPA
compounds (VOCs) Compendium
Methods TO-14A¢%,
TO-15¢
Pesticides and GC/MS/SIM® Soxhlet-extraction in U.S. EPA
Polycyclic aromatic 10% diethyl ether in Compendium
hydrocarbons (PAHS) hexane for 16-18 h; Method TO-13°
(air) concentrated to 0.5 mL by

Kuderna-Danish apparatus
and low nitrogen-assisted
evaporation

Pesticides and PAHs GC/MS/SIM
(precipitation)

8nductively coupled plasma mass spectrometry

PGC/MS/SCAN = gas chromatography/mass spectrometry in the SCAN mode
“Winberry et al. 1988; 1990

du.s. EPA, 1997a

€GCI/MS/SIM = gas chromatography/mass spectrometry with selected ion monitoring
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