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ABSTRACT

This report summarizes results of a study condugyelPA’s Office of Research
and Development to determine the spatial uniforroftgarticles collected on FRM
filters. These tests have relevance regardind\gency’s proposed use of EDXRF
analysis for filters collected using RMFRM samplers. The qualitative component of
these tests involved stereoscopic examinationtefdicollected during field sampling as
well as examination of filters collected in thedastory using calibration aerosols in the
0.035 micrometer to 12.5 micrometer size rangee {inntitative component of these
tests was designed to determine the accuracy 0§ asintrally located EDXRF spot sizes
of 10 mm and 20 mm diameter to estimate the overa#is concentration of particles
deposited over the entire filter surface. For psgs of comparison, these laboratory
tests included uniformity measurements of filtevBected with a PMs FRM sampler
and a total filter sampler.

Examination of field collected filters confirmedgwious reports of a thin
deposition band at the extreme outside edge of ¢fflen filter's collection area. This
deposition band averaged approximately 0.5 mm dtlhwand visually appeared to be of
higher concentration than that of the remaindeheffilter. Formation of the band
occurred in the Pk FRM and the total sampler, as well as in theR8ampler.
Laboratory tests revealed that this depositiorepattesults from non-uniform airflow at
the outside edge of the FRM’s Teflon filter dughe geometry of the filter membrane
and its polypropylene support ring. Tests alseaded that the location and width of the
deposition band depends upon the degree of comignof the filter cassette, the filter,
and the backing screen during the cassette’s asgeMbithin the range of particle sizes
tested, the formation and appearance of the oefgosition band was independent of
particle diameter. Based on the observed width@deposition band and the filter's
total deposition area, the band comprises onlyapprately 5% of the filter’s deposition
area.

Quantitative tests revealed that formation of theendeposition band apparently
did not adversely affect the ability of a centrdfigated spot to estimate the filter’s actual
aerosol mass. Defining an accuracy ratio for &pty uniform deposition pattern as
equal to 1.000, the ability of 10 mm and 20 mm fhascto accurately estimate the filter’s
actual mass concentration was determined for emutipler. For a punch diameter of
10 mm, accuracy ratios were determined to be 08894, and 0.982 for thM; s,

PMyo. and total filter samplers, respectively. Fomuagh diameter of 20 mm, accuracy
ratios of 0.972, 0.993, and 0.985 were measureth&®M, 5, PMo., and total filter
samplers, respectively. Tests results also inelicab difference in deposition uniformity
for particles generated in the 0.035 micrometer2d micrometer size range. Relevant
to the proposed revisions to the Pb NAAQS, it ¢tarstbe concluded that any non-
uniformity of particle deposition on Pl filters will represent a small fraction of the
overall uncertainty in ambient Pb concentration soeament.



BACKGROUND

The proposed revisions to the NAAQS for Pb involthesuse of energy
dispersive x-ray fluorescence (EDXRF) to analylterfisamples collected using a iV
FRM sampler. Because EDXRF analysis only examanfeaction of the filter’s
deposition area, biases will exist in Pb conceimnatneasurement if significant non-
uniform spatial deposition is inherent to the octilen method. To address this
uncertainty, EPA’s Office of Research and Develophi®RD) conducted a focused
study involving discussions with laboratory perselmesponsible for gravimetric and
EDXRF analysis of FRM filters, and qualitative amehntitative tests conducted in the
laboratory under controlled conditions. ORD'’s dpadilve tests involved stereoscopic
examination of ambient aerosol samples collecteohgdield sampling as well as
examination of deposits obtained during samplintabbratory generated aerosols.
Quantitative tests were designed to determine ¢heracy of using centrally located
EDXRF spot sizes of 10 mm and 20 mm diameter tonest the overall mass
concentration of particles deposited over the eriiliter surface. In the laboratory,
hollow steel punches were used to remove representdter sections for subsequent
fluorometric quantitation of deposited solid ammuwonifluorescein particles. These tests
involved calibration aerosols generated in sixmitrsizes from 0.035 micrometer to
12.5 micrometer aerodynamic diameter. For purpotesmparison, these quantitative
tests with the Pivh. sampler were also conducted concurrently with a SMRM
sampler and a total filter sampler.

This report will summarize results of the surveyanélytical laboratories,
describe procedures used during the qualitativeqaiadtitative tests, and provide a
summary of the study’s results.

Survey of EDXRF Analytical Laboratories

Technical personnel were contacted at six analyat®ratories which routinely
conduct EDXRF analysis of environmental samplealif@nia Resources Board, Desert
Research Institute, Oregon Department of Environtedé€puality, RTI International,
University of California at Davis, and the EPA’stid@al Exposure Research
Laboratory. As summarized in Table 1, this sumeyealed that a variety of
commercially available or custom made EDXRF insenis are used. Regardless of
instrument design, however, these laboratoriec&iyi use an EDXRF beam size of
either 10 mm or 20 mm equivalent diameter. Thaberiatories also typically analyze
only the center of the filter and only one of tlieveyed laboratories reported that the
filter was rotated during the EDXRF analysis.

Personnel involved in post-sampling analysis dtifféters reported occasionally
observing a band of apparent higher depositiorheriilter’s outer deposition edge than
was observed for the remainder of the filter. Tdasd of apparent higher deposition was
often more pronounced on one side of the filtentthe other side. Opinions regarding
the deposition pattern’s source were varied anldidiee particle bounce, filter and
backing screen geometry, and flow leakage throbgHiliter cassette. None of these



laboratory’s surveyed personnel reported havinglooted focused deposition
uniformity tests nor were aware of uniformity steslinvolving use of Pk, PMg., Or
PMio FRM filters.

EXPERIMENTAL METHODS

Following the survey of the analytical laboratoyi@RD conducted qualitative
tests which involved stereoscopic examination obiamt aerosol samples collected
during field sampling as well as examination of @&fs obtained during sampling of
laboratory generated aerosols. These qualitatists tvere then followed by quantitative
tests which were designed to determine the accwhgging centrally located EDXRF
spot sizes of 10 mm and 20 mm diameter to estithateverall mass concentration of
particles deposited over the entire filter surface.

Qualitative Test Procedures

For aerosol filter samples collected in the fiaidl in the laboratory, visual
observations were conducted using a variable miagtidn stereomicroscope (Model
StereoZoom 5, Leica, Solms, Germany), which waspggal with ring-mounted
illumination. Sizing of stereoscopic images walieeed using an optical micrometer
which had been calibrated with a certified stagerameter (American Optical, Model
1400, Southbridge, MA). Three-megapixel photongcaphs of stereoscope images
were obtained using a DC3-SD digital camera (ESk#tesns, Jhubai City, Taiwan) in
conjunction with MicroCap v2.0 imaging software.

Quantitative Test Procedures
Generation of Calibration Aerosols

Assessing the particle deposition uniformity of ERRM samplers involved use of
calibration aerosols of known aerodynamic diametéich is defined as the diameter of
a unit density sphere which has the same settlhgrity as the particle under
consideration. In this study, separate uniforrtests were conducted using calibration
aerosols of 0.035, 1.0, 2.5, 5.0, 10.0, and 12dsameter aerodynamic diameter. For
generation of the polydisperse aerosols with a ndeameter of 0.035 micrometers, a 6-
jet nebulizer (Model 9306A, TSI Inc., Shoreview, MMas operated at a gauge pressure
of 25 psig in conjunction with use of a liquid std;m of 2000 ppm volume concentration.

For generation of particles in the 1.0 to 12.5 omceter size range, a Model 3050
(TSI Inc., Shoreview, MN) vibrating orifice aerogg@nerator (VOAG) was used to
generate spherical particles of controllable dizmefth known density. VOAG
operation involves forcing a liquid solution thrdugn orifice which is housed within a
piezoelectric crystal. Monodisperse liquid droplet known volume can then be
produced by applying an AC signal to the crysta abnstant frequency. When the
liquid solution consists to a non-volatile soluteslved in a volatile solvent, the
monodisperse droplets dry to form monodispersagbestof predictable diameter.
Because the operating parameters of the VOAG ljgeid flow rate, vibrational



frequency, solute concentration) can be controllgd minimal uncertainty, aerosols
produced from the VOAG are considered to be a pxrparticle standard (John and
Wall, 1983). Figure 1 is a schematic of the VOA&&d aerosol generation and
sampling system used for determination of partigposition uniformity in the FRM
samplers.

Liquid flow was supplied to the VOAG using a duatpn, digital HPLC pump
(Model 1500, Lab Alliance, State College, PA) wétiheadability of 0.001 mL/min and
an estimated uncertainty of 1%. Square-wave A@aggto the VOAG's piezoelectric
crystal were supplied by a frequency generator @18020, BK Precision, Yorba Linda,
CA) with an estimated uncertainty of less than Q.1&8pplied vibrational frequencies
were continuously monitored using a BK Precisiondeldl803 frequency counter with a
readability of 1 Hz.

All size selective tests conducted during this gtewhployed the use of solid,
spherical calibration aerosols composed of ammoffiuanescein. Liquid solutions of
the desired volume concentrations were producetidsplving a known mass of
fluorescein powder (CAS 2321-073, J.T. Baker, Makirodt, NJ) in a known volume of
ammonium hydroxide. When generated under the prmp@litions, ammonium
fluorescein particles produced with the VOAG areeth, spherical and possess a
density of 1.35 g/crh(Stober and Flacshbart, 1973; Vanderpool and Rube@a).

Downstream of the aerosol generators, the genedabgdets passed through a
silica-gel based diffusion dryer (Model 3062, T&¢., Shoreview, MN) to facilitate
drying of the generated droplets. The aerosol #reared a 0.03 frstainless steel
mixing chamber where the aerosol was mixed withdiltion air. To verify the quality
of generated aerosol, a sample of the dried caildraerosol was periodically
withdrawn at a flow rate of 16.7 Lpm and collecteihg a modified WINS impactor.

For routine observations, aerosol samples weredtedaon 25 mm x 55 mm rectangular
glass slides coated with immersion oil. Followatyvo minute aerosol collection period,
the glass slide was removed and a cover slip plagedthe aerosol deposit. A drop of
immersion oil was then placed on the cover slip thiedparticles observed at a
magnification of 100X using a Nikon Labophot optisacroscope (Nikon Inc., Melville,
NY) to ensure that the generated particles wereosimand spherical. For purposes of
documenting the size distribution and morphologthefgenerated aerosols, particles
were alternatively impacted onto sticky carbon t8g# stubs then examined using a
Leica S440 scanning electron microscope (Leica ddigstems, Wetzlar, Germany). For
collection of generated particles of aerodynamasditer below the cutpoint of the
WINS impactor, samples were collected on 46.2 maemeier PTFE filters (Cat. 7592-
104, Whatman Inc., Florham Park, NJ). Represemssections of the filters were then
removed and prepared for analysis by optical onsiog electron microscopy. SEM
photomicrographs in Figure 2 illustrate the quaditd uniformity of 5 um diameter
ammonium fluorescein particles generated usin/tbAG during this study.

In addition to assessing the generated aerosudy usicroscopy, representative
aerosol samples were continuously analyzed ustimgeaof-flight aerodynamic particle
sizer (Model 3321 APS, TSI Inc., Shoreview, MNi addition to validating the mean
size of the particles generated by the VOAG, th&ARis also valuable for ensuring that
the VOAG's operation was stable and was not expeirg operational problems (e.g.,
orifice plugging, multiplet generation, satellitergeration).



Once the quality of the generated aerosol wasigdrithe aerosol was introduced
into a 20 mCFPKr radioactive source (Model 3054A, TSI Inc., Shaeev, MN) in order
to remove excess electrical charge which can beepten particles generated by the
VOAG or the 6-jet nebulizer. The neutralized aelegas then available for use in
determining particle deposition uniformity in thRK samplers. During these tests, no
difference in the response of the APS was obsemreh sizing charged versus
uncharged aerosols.

Aerosol Sampling

Aerosols which exited the charge neutralizer wetr®duced into a custom
aerosol distribution manifold which was designed aonstructed to uniformly distribute
the calibration aerosol equally among the manifottiree outlets. Downstream of the
manifold, each of the three sampling legs of tlsérdhiution manifold was of identical
geometry and operated a volumetric flow rate o7 1§ im. Separate tests conducted
with 1 um and 1Qum aerodynamic diameter particles revealed thatdfibration aerosol
was distributed uniformly among the three sepdegs within 1% of the mean
concentration. The use of large-bore, quarter-nataes throughout the aerosol
generation was designed to minimize particle trartdpsses. All components of the
aerosol transport system downstream of the mixivagriber used tubing of 7/8” (2.2 cm)
internal diameter and were composed of stainlessd & minimize corrosion.
Components of the aerosol transport and samplisigsywere fabricated from
electrically conductive materials and were grountbechinimize electrostatic particle
losses.

As depicted in the Figure 1 schematic, the sargystem allowed direct
introduction of calibration aerosols into the islef the WINS PM; fractionator and the
total aerosol sampler. For introduction of aerssalo the PMy. sampler, the louvered
portion of the sampler was removed and a customupheattached and sealed to the
remainder of the inlet. Figure 3 is a photograpthe PM. FRM sampler in this
configuration.

Volumetric flow rate through the WINS fractiona{@at. 57-004006, Thermo-
Fisher, Waltham, MA) and its custom downstreanefiliolder was provided by a
Thermo-Fisher Model 2000 FRM sampler. Volumetioevfrate through the Total Filter
sampler was supplied by a BGI PQ200 FRM samplei (BG, Waltham, MA). The
PM;oc sampler used for these tests was a designatedhdHesher Model 2000 FRM
sampler.

Calibrations of sampler flow rates, ambient terafige measurement, and
ambient pressure measurement were conducted usiNgST -traceable calibration
system (Model TetraCal, BGI Inc., Waltham, MA). IMation of the TetraCal’s
performance was conducted by EPA’'s APPCD Metrologjyoratory located in RTP,
NC, using a Mobloc flow system (DH Instruments, &g WA). During the course of
this study, the Mobloc was certified as having mbimed uncertainty of +0.3% of
reading including uncertainties associated withsueament repeatability and hysteresis.
The Metrology Laboratory’s calibration of the Te@a revealed that the TetraCal had an
ambient temperature and pressure measurementfbiag & and -1 torr at measured
conditions of 22.6 C and 757 torr, respectivelyowFcalibration of the TetraCal revealed



that it had flow biases of 1.5%, -0.1%, and -0.3%oaav rates of 1.67 Lpm, 15.0 Lpm,
and 16.7 Lpm, respectively.

Prior to the collection phase of the laboratorgexkment, each of the three
aerosol samplers was allowed to warm up for 15 tegwhile sampling filtered air. The
test aerosol was then introduced into the aerasuilltion manifold and the three
samplers operated in parallel. Sampling run tivaeged from 3 minutes to 45 minutes
per test, depending upon the expected mass coatientof the generated aerosol.

Following collection of laboratory generated cadition aerosols, the Teflon filter
was removed from its sampler and inserted betwe&ergtass fiber filters (Cat.

No. 66258, Pall Corp., Ann Arbor, MI). The filtstack was then positioned within a
custom alignment assembly and the center porticgheo$tack was removed using either
a 10 mm or a 20 mm nominal diameter punch compoteldrome vanadium steel
(Mayhew Tools, Turners Falls, MA). The actual meaduwiameter of the two punches
was measured to be 9.93 mm and 19.79 mm, resplgctiVbe upper-most portion of the
punched section was then removed for later extmaetnd fluorometric analysis. The
remaining portion of the punched section was tingerited into a 2.5 cm x 5 cm folded
section of 10 mesh stainless steel screen thesisgembly was secured with stainless
steel clips. This technique was developed to prethe Teflon filter from collapsing

into a ball which was found to prevent efficientoeery of the collected particles. The
stainless steel filter assembly was then combinéu tive upper portion of the filter stack
and placed into a 500 mL capacity polypropylenga&@ioer. The same filter handling
procedure was used for the section of the filteictvinemained after the punched section
was removed. Extraction volumes of 0.01 N/ ranged from 50 mL to 1100 mL,
depending upon the mass of collected calibratioosads. Figure 4 is a photograph of
punched glass fiber filters using various punclesiz

To account for inadvertent particle losses tostieel punches, the outer and inner
edges of each punch were each rinsed separatélyapproximately 10 mL of 0.01 N
NH4OH using a squeeze bottle and the extracts anabgeatately. Particle losses to the
punch’s inner and outer surfaces were then asstorael associated with the inner and
outer portions of the punched filter, respectivefs will be discussed, total losses to the
punches were determined to be less than 0.1% by duaig all tests.

Sample Analysis

Deposits of ammonium fluorescein calibration aeloge@re quantified using a
Turner Quantech fluorometer (Model FM109515, Baradtinternational, Dubuque, IA)
equipped with NB490 and SC515 excitation and emis8iters, respectively. Based on
results from sensitivity tests of fluorescencensity versus extraction solution pH
(Tolocka et al., 2001), an ammonium hydroxide salvencentration of 0.01 N was
selected for all extractions conducted during ¢higly. Calibration standards for the
fluorometer were prepared by dissolving a knownswddluorescein powder in
ammonium hydroxide, and all fluorometric measuretm@rere made in the
fluorometer’s linear range of O to 200 ng/mL.

Filter background tests were conducted by placthg s/nm diameter PTFE filters
in 125 mL capacity polypropylene jars containingmddD of 0.01 N NHOH. The jars
were then placed in an ultrasonic bath for 1 hrtfwedextracts analyzed. Replicate tests



showed that the background content of the Whatnitensfwas below the 0.31 ng/mL
detection limit of the analytical technique (i.8.1 ng for this extraction volume).
Similar background results were obtained for the steel punches used in the study.
Extraction efficiency tests were conducted by d=livg 0.1 mL of a
10,000 ng/mL fluorescein standard to the PTFEr&lend allowing the filters to air dry.
The filters were then extracted in the same maagseturing the background tests.
Results showed that the extraction efficiencieglier46.2 mm filters used in these tests
exceeded 98%. Notably, the same extraction efftgiavas achieved by sealing the
container, allowing a 30 equilibration time, thegorously shaking the container for
2 minutes. This result indicated that the ammoniiwarescein readily dissolved in the
0.01 N NH,OH solution, thus avoiding the need to sonicatéectéd aerosol deposits
during the study.

DATA ANALYSIS

If MF; and MF; represent the measured aerosol mass on in theandeouter portions of
the punched filter, respectively, and MRd MR represent the measured aerosol mass on
the punch’s inner and outer wall, respectivelynttiee total mass (Yon the filter can be
calculated as:

M, = (MF, +MPR)+(MF, + MP,)
and the fractional loss of mass to the punch carelmilated as:

Punch Loss = M

t
If A; and A represent the area of the punch and the toteat filéposition area,

respectively, then the accuracy of using a cegttatlated punch can be calculated as the
filter's estimated aerosol mass divided by thefii actual aerosol mass:

Accuracy Ratio =

Estimated Mass _ (MFi + MPi)* ﬁ
Actual Mass M, A

For a filter with a perfectly uniform depositiontfgn, the estimated mass based on
analysis of the punch would be identical to thelakinass (i.e., accuracy ratio = 1.000)

RESULTS
Qualitative Analysis of Collected Field Filters

Qualitative analysis first involved the stereoscapspection of field from a
variety of sources including ORD'’s previous fietddies in Riverside, CA and



Birmingham, AL, as well samples submitted by Orégd@epartment of Environmental
Quality (ODEQ).

Figure 5 shows stereomicrographs of a;Biiter collected by ODEQ showing
the basic structure of the 46.2 mm PTFE filters #aeddeposition pattern of aerosols
collected during this sampling event. As the tiotomicrographs show, there exists a
thin band of aerosol deposits at the outer edgkeofilter membrane which differs in
appearance from the remainder of the filter. Ra particular filter, the deposition band
is present around the entire circumference ofittex.f The deposition pattern on the
interior portion of the filter is consistent withe pattern of holes in the underlying
backing screen. Personnel at ODEQ report thatggesition band is present on RM
FRM samplers and speciation samplers which uses#imse cassette and PTFE filter.

From inspection of a different PMfilter provided by ODEQ, the
stereomicrographs presented in Figure 6 illustiteéthe deposition band is not always
uniformly present around the filter's entire circi@mence. The absence of the deposition
band is also demonstrated in Figure 7 for a fitdlected by EPA’s ORD during field
sampling in Birmingham, AL. Following inspectiohseveral dozen filters collected
from multiple ORD field studies, it was observedittthe deposition band was always
present to some degree and was most visible efdilvhich were lightly to moderately
loaded. Similar to the pattern depicted in Figbiré was also observed that the
deposition band was often more prominent on one aidhe filter and often completely
absent on the other side of the filter. The siz#® deposition band typically varied
from one filter to another and averaged approxitgdté mm in width.

In order to determine whether the pattern of apufréigh loading was due to
higher air flow in the region of the deposition Haa high-contrast sub-micrometer
aerosol was generated in the laboratory using giaad&n food coloring. Because the sub-
micrometer particles produced from air nebulizatdthis low-concentration fluid tend
to follow fluid streamlines very closely, the defim® produced from this aerosol
provides an accurate measure of the air flow patté&s depicted in Figure 8, the
deposition band produced in laboratory was verylamm appearance to the deposition
bands produced during field sampling. Figure Ygles an image of the underlying
backing screen next to an image of this filter dlngdtrates that the deposition band can
form even when the screen’s holes are locatedttiirecderneath the band’s formation
region.

In the laboratory, it was determined that the WteatrRTFE filters met all the
required dimensional and performance specification&RM filters with regard to filter
diameter, width and thickness of the polypropylsapport ring, filter membrane
thickness, and pressure drop. A series of leaklctests revealed that no air flow leaks
were occurring around or through the edge of therfi Further, it was determined that
the deposition band did not form in the laboratohen glass fiber filters or cellulose
filters were substituted for the PTFE filters.wias thus concluded that formation of the
deposition band was a function of the design thEBPfilters themselves rather due to the
geometry of the filter cassette or the flow pattenmediately upstream of the cassette.

The filter cassette assembly for an FRM filteitlisstrated in Figure 10 and
consists of a cassette upper housing, cassette hawsing, backing screen, and PTFE
filter. All dimensional and performance specifioas for these components are provided
in 40 CFR Part 50 Appendix L (U.S. EPA, 1997). Iése-up of the cassette assembly in



Figure 11 illustrates the geometry of the Tefldtefiin relation to the lower cassette and
the backing screen. As specified in the regulatitime Teflon filter consists of a thin
Teflon fiber membrane whose outside edge is supgdry a polypropylene support ring.
The purpose of the support ring is to provide digi@mal stability to the Teflon
membrane and to provide an airtight seal withomalge to the membrane. Because the
40 micrometer thick Teflon membrane is affixed witthe center of the 365 micrometer
thick support ring, the outside edge of the fitegmbrane is suspended approximately
160 micrometers above the backing screen.

At the 16.7 Lpm flow rate though the cassette rsdg during sampling, the
pressure drop through the Teflon filter is approadety 15 torr. This relatively high flow
resistance forces the majority of the Teflon memébragainst the upper surface of the
backing screen. In this region, flow through titterf is constrained to only those areas
immediately above the holes in the perforated bagrkcreen and accounts for the
deposition pattern observed in Figures 5 thoughi@wever, at the extreme outside edge
of the filter membrane, the filter remains suspehaleove the backing screen. Because
flow in this region is not constrained by the getmypef the backing screen, a different
airflow pattern results in this region. It wassheonjectured that this difference in
airflow pattern was the mechanism for formatiorthef deposition band around the
Teflon surfaces. The conjecture is supported byptior tests showing that no
deposition band forms around either glass fibésrsl or quartz filters. Unlike the FRM’s
Teflon filters, neither the glass fiber filters rtbe quartz filters have a support ring.

Per the cassette assembly’s design specificatioasnternal diameter of the
cassette lower housing is 47.0 mm, while the oatdidmeter of the backing screen and
the Teflon filter are nominally 46.6 mm and 46.2 miespectively. These specifications
were designed to allow for some tolerance in thaufecture of the components and to
ensure that the edges of the filter and backingestwould not bind and chafe when
installed in the cassette. This difference in digiens allows some side-to-side
displacement of the filter and backing screen indab each other and affects the
location of the deposition band. If the cassett®iger housing, filter, and backing screen
are all concentrically aligned during assemblyifaBigure 12), then the deposition band
of equal width will be formed around the entireerutdge of filter. If, however, the filter
and screen are shifted from a concentrically aligoesition, then the deposition pattern
will not be uniform around the filter's edge. Figa 13 and 14 depict the left and right
sides of a cassette assembly where the filterftedicompletely to the left while the
backing screen is shifted completely to the rightthis instance, the deposition band
would be completely absent on the left side offillber but present on the right side of
the filter.

The deposition band could be completed elimindtdee backing screen was
redesigned to have a smaller deposition diaméitgure 15 shows the absence of
deposition formation which resulted from laborattesting of a prototype of this
redesigned screen.

Quantitative Analysis of Laboratory Filters

Qualitative tests confirmed previous visual oba&ons that a deposition band
forms at the outside edge of FRM filters. Howevee, calculated area of this deposition
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band typically represents only about 5% of theffit total deposition area. Moreover,
the qualitative tests could not determine the nedanhfluence of the deposition band on
the filter's overall degree of uniformity. Quaaatitve tests in the laboratory were thus
required to determine if the deposition band adlgraffected the accuracy of using
centrally located punches to estimate overall dégdserosol mass.

10 mm Punch Results

As mentioned, particles losses to the chrome vamadieel punches were
guantified during the laboratory experiments. Rsdor the 10 mm punches revealed
that particle losses were negligible, as indicétgdnean loss of 0.034%. For all
samplers and particle sizes tested, the massddks L0 mm steel punch during a single
analysis did not exceed 0.07%.

Table 2 summarizes results of the laboratory testietermine the accuracy of
using a centrally located 10 mm diameter punctstimmate the actual concentration over
the filter's entire deposition area. As previousigntioned, tests were first conducted
with polydisperse aerosols of 0.035 micrometermét@r because these submicrometer
aerosols serve as efficient flow tracers. Dedpigeformation of the deposition ring
(Figure 8), quantitative results indicated thatddgerse influence of the deposition band
was negligible. For the PM, PMo,, and PMtotal sampler, the estimated to actual
concentration ratio for the 0.035 micrometer adross determined to be 0.981, 1.004,
and 0.979, respectively, for a mean value of 0.988.

For all particle sizes tested, inspection of Tdbteveals that the lowest ratio was
measured to be 0.943 while the highest ratio wassored to be 1.021. No appreciable
difference in test results was observed as a fomdf particle size nor as a function of
sampler type. For all sizes tested, the meansrédiothe PM s, PMio,, and PMtotal
samplers was determined to be 0.981, 0.994, ai@2 Or8spectively. Averaging all
particle size data among the three sampler typmduged a mean estimated to actual
concentration ratio of 0.988. Despite the fact thd0 mm punch represents only 6.6%
of the total deposition area, these tests demdadtrat the area is quantitatively
representative of the entire deposition area.

20 mm Punch Results

Particle mass losses to the 20 mm diameter punoh similar to those of the
10 mm punch, as indicated by a mean value of 0.03B8t all samplers and particle
sizes tested, the mass loss during a single araysnot exceed 0.09%.

As summarized in Table 3, results obtained usiegztmm diameter punch were
similar to those obtained with the 10 mm punchr the 0.035 micrometer polydisperse
aerosols, the estimated to actual concentration f@tthe PM s, PM;o, and PMtotal
sampler was determined to be 0.993, 1.014, ancdtQr8Spectively, for a mean value of
1.000. For all sizes tested, the mean ratiosh®PtVb 5, PMio, and PMtotal samplers
was determined to be 0.972, 0.993, and 0.985, casply. Averaging all particle size
data among the three sampler types produced a estiamated to actual concentration
ratio of 0.986.
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To determine the degree of variability associakedquantitation procedure, three
replicate tests were performed using 10 micrometensols as sampled by the BM
sampler. Values of estimated to actual mass rédrahe three replicate tests were
0.970, 0.993, and 1.004, resulting in a standavithtlen of 1.7%.

SUMMARY AND CONCLUSIONS

1. EPA’s proposed revisions to the NAAQS for Pb inesh\EDXRF analysis of
Teflon filters collected with designated RMFRM samplers. Because EDXRF
analysis only analyzes approximately 7% to 26%heffilter's deposition area,
measurement biases would result if Pb-based pestwkre not deposited on the
filter in a spatially uniform manner. The purpagehis study was to quantify the
degree of spatial uniformity of particles on RVFRM filters. For purposes of
comparison, similar tests were conducted with g PIMRM sampler and a total
filter sampler.

2. A survey of EDXRF analytical laboratories revedledt incident beam spot sizes
of 10 mm and 20 mm diameter are typical and thairthident beams are
typically positioned at the center of 47 mm diaméteers.

3. Qualitative analysis involved stereoscopic examimabf FRM filters collected in
the field from a variety of sources, as well asmexetion of filters collected
using laboratory generated calibration aerosolssuRs confirmed anecdotal
reports of the presence of a region of apparemgliyér deposition at the filter's
outer edge than existed for the remainder of ther fi Independent of particle
size or sampler type, similar results were obsefglowing collection of
laboratory generated aerosols. Formation of tip@sieon band occurred only
with the FRM'’s Teflon filters and did not occurtime laboratory using either
glass fiber filters or quartz filters. Subsequests identified that the formation
of the deposition band resulted from the outsidgeeanf the filter membrane being
suspended approximately 0.16 mm above the undgrhacking screen due to
the filter's support ring geometry. This mechanmiso explained why the
deposition band was not always uniformly preseotiad the filter's
circumference. Tests with a prototype backingestmdesign revealed that the
deposition band could be eliminated by a slightiotion in the diameter of the
screen’s perforated area.

4. Quantitative tests involved the generation of fluoetric calibration aerosols in
six discrete sizes from 0.035 micrometers to 12d&ameters aerodynamic
diameter. Samples of the generated aerosols weiaently obtained by a
PM,s FRM sampler, a PM. FRM sampler, and a PMtotal sampler which
consisted only of a FRM filter holder. 10 mm ardrgm diameter chrome
vanadium steel punches were used to remove sedtmnghe filters, and aerosol
mass deposits were quantified fluorometrically.
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5. Laboratory test results indicated that either anb® or 20 mm centrally located
spot provides an accurate estimate of the filtevsrall mass concentration within
approximately 2%. These results were found tandependent of particle size or
sampler type. For all particles sizes tested,ofisel0 mm punch resulted in
mean estimated to actual concentration ratiosi@iPV 5, PMyo,, and PMtotal
samplers of 0.972, 0.993, and 0.985, respectivieby.the 20 mm diameter
punch, the mean estimated to actual concentragioosrfor the PMs, PMio., and
PMtotal samplers was determined to be 0.972, 0.838,0.985, respectively.
With particular relevance to the proposed revisitresPb NAAQS, use of the
10 mm and 20 mm punches with filters collected lith PM . sampler resulted
in mean estimated to actual ratios of 0.994 anfl3).Bespectively.

6. Based on the results of these qualitative and da#aeé tests, it can be concluded
that the magnitude of non-uniform particle depositon FRM filters is relatively
minor. Non-uniformity thus represents a negligitoection of the overall
uncertainty in Pb compliance measurements involthegproposed use of
EDXRF analysis of filters collected using a RMFRM sampler.
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Table 1. EDXRF instruments and setup conditions fgorted by the surveyed analytical laboratories.

Sample
Equivalent Rotated
Beam Diameter During
Analytical Laboratory EDXRF Instrument (mm) Beam Location Analysis?
California Air Resources
Board (CARB) Thermo QuanX 20 Centered Yes
Desert R(eSFe;%rch Institute PanAnalytical Epsilon 6 20 Centered No
Oregon Department of
Environmental Quality Kevex 771 10 Centered No
(ODEQ)
RTI International Thermo QuanX 20 Centered No
University of California at : :
Davis (UCD) UCS design and build 9.4 Centered No
EPA National Exposure  Lawrence Berkeley Laboratory Centered on a 37 mm filter,
20 approx. 5 mm off-center on a No

Research Laboratory (LBL) 1984 design and build 47 mm filter
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Table 2.

Ratio of estimated concentration to actdaoncentration as a function

of aerodynamic diameter and sampler. Punch diamete= 10 mm

(Estimated Concentration)/(Actual Concentration)

Aerodynamic Sampler
Diameter (um) | PM,5 FRM PM 1o FRM PMtotal Mean
0.035 0.981 1.004 0.979 0.988
1.0 0.984 0.963 0.943 0.963
2.5 0.977 0.988 1.012 0.992
5.0 - 1.021 0.980 1.001
10.0 - 0.992 0.989 0.991
12.5 - 0.999 0.990 0.995
Mean 0.981 0.994 0.982 0.988
Table 3. Ratio of estimated concentration to actuaoncentration as a function

of aerodynamic diameter and sampler. Punch diamete= 20 mm

(Estimated Concentration)/(Actual Concentration)

Aerodynamic Sampler
Diameter (um) | PM, s FRM PM 10 FRM PMtotal Mean
0.035 0.993 1.014 0.994 1.000
1.0 0.933 0.993 0.959 0.962
2.5 0.990 0.974 0.990 0.985
5.0 - 0.981 0.973 0.977
10.0 - 0.989 0.993 0.991
12.5 - 1.012 0.988 1.000
Mean 0.972 0.993 0.985 0.986

Note: Perfectly uniform deposition would result inestimated/actual ratios equal to

1.000
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Mag= 150K X Detector = SE1

EHT =15.00 kV Date :15 Jan 2008

Figure 2. SEM photomicrographs of 5 micrometer amiono fluorescein calibration
aerosols showing the particles’ quality and sizéoumity. The upper and
lower photomicrographs were obtained at SEM maggtifons of 5,000X and
1,500X, respectively.
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Figure 3. Photograph of the aerosol sampling systemwing the plenum used for
introducing calibration aerosols into the Riysampler.
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3 mm, 0.60% 10 mm, 6.6% 20 mm, 26.4%

Figure 4. Photograph of inner and outer portiongusfched filters as a function of
punch diameter. The punch diameter and the peareatthat the punch
represents are listed below each filter. The 3drameter punch area is
similar to the beam size used for particle induXaay elemental (PIXE)
analysis.
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Teflon seal
Polypropylene ring =

Normal deposition
pattern

Deposition band

Deposition band

Normal deposition
pattern

Figure 5.  Stereomicrograph of a RPMield filter supplied by the Oregon DEQ. The
deposition band is visible at the top and the lmottd the filter.
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No deposition band

Figure 6.  Stereomicrograph of field filter suppliegthe Oregon DEQ. The
deposition band is not present at the filter'sthapis visible on the bottom
of the filter.
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Figure 7.  Stereomicrograph of field filter colledtey ORD during field sampling in
Birmingham, AL. No deposition band formed at tle¢tdm of this filter.

Figure 8.  Stereomicrograph of submicron aerosoégded and collected in the
laboratory. The submicron aerosol makes an effidlew tracer and
indicates higher flow at the filter’'s lower edgeathat other portions of the
filter.
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Polypropylene Ring
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Deposition Ring

4 Holes under deposition ring®&4 \ ., ma peposition Pattern

Figure 9.  Stereomicrograph of submicron aerosoégEed and collected in the
laboratory. The superimposed image of the undeglipacking screen
indicates that the deposition ring forms at thesiolet edge even when holes
are present.
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Figure 10. Cross sectional view of FRM cassetterabty showing components.

365 micrometer thick
polypropylene support ring 40 micrometer thick
/ Teflon membrane

\ Perforated portion of backing
screen

Cassette lower housing Solid portion of backing

screen

Figure 11. Close-up of the cassette assembly slgotvangeometry of the filter and
backing screen in the absence of air flow. No& the cassette’s upper
housing has been removed for purposes of clarity.
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Deposition band Normal particle

l

deposition pattern

Filter membrane remains
suspended above backing screen
approximately 120 micrometers

Figure 12. Close-up of cassette assembly showirgphamesm of deposition band formation

during aerosol sampling.
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No deposition band formation Normal particle
deposition pattern

} |
N

Solid portion of backing screen
underlays the raised surface of filter

Figure 13. Close-up of left side of cassette asgemben filter and backing screen are
shifted horizontally in opposite directions. Nqgdsition band forms on the
left side of the filter.

Normal deposition
pattern

l l

Deposition band

Figure 14. Close-up of right side of cassette wiilar and backing screen are
shifted horizontally in opposite directions. A dspion band forms on
the right side of the filter.
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Figure 15. Stereomicrograph showing depositiorepattising a redesigned backing
screen. No deposition band formed at the filtedge.
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