From: Judith C. Chow, CASAC AAMM Subcommittee Member

Subject: Review of the Draft Federal Reference Method (FRM) for Lead in Pb-PM;, and
Consultation of Approaches for the Development of A Low-Volume Ambient Air
Monitor for Pb in Total Suspended Particulate (TSP) FRM or Federal Equivalent
Method (FEM).

Date:  July 15,2008

This memo addresses the twelve questions on which the Subcommittee members were
asked to comment regarding Attachment 1, “Draft Federal Reference Method (FRM) for Lead in
PM,p (Pb-PMyy), and Attachment 2, “Approaches for the Development of a Low-Volume
Ambient Air Monitor for Lead in Total Suspended Particulate (Pb-TSP) Sampler.” This
supplements prior comments to the first set of questions that was appended to the April 14, 2008

letter from Dr. Russell to Administrator Johnson.

1.  QUESTIONS FORATTACHMENT 1 [DRAFT FEDERAL
REFERENCE METHOD (FRM) FOR LEAD IN PM10 (PB-PM).]

1.1. Question 1: What are your comments on the use of the low-volume PMj,. FRM sampler as
the Pb-PM;, FRM sampler?

My prior comments in the April 14 letter recommended that EPA move toward Pb-PMj.
These comments pointed out the lack of specificity and variability of inlet characteristics for the
high-volume TSP sampler (Code of Federal Regulations, 2007a). High-volume TSP is a poor
surrogate for inhalable particles and a poor surrogate for deposited particles. A true “Total
Suspended Particulate” sampler that collects all of particles that remain in the air is of such large
dimensions that it requires a small trailer and a large power supply to operate (Burton and
Lundgren, 1987; Lundgren et al., 1984). The argument given in favor of retaining TSP in the
April 14 letter was that large particles could contaminate surface areas and soils that might be
ingested or resuspended. If toxic soils and house dust are of concern in addition to inhalable
PM,, then these should be sampled and analyzed directly (Egami et al., 1989; Adgate et al.,
1998; Farfel et al., 2001; Bai et al., 2003).

FRM sampler inlets have been wind-tunnel tested and have well-defined cut-points and
slopes (10.2 + 1.41 um for SA-246B inlet; Watson and Chow, 1993; 2001). Sampling systems
coupled with these inlets provide accurate flow control, use low trace metal background PTFE
Teflon-membrane filters, and yield precise mass measurements when coupled with appropriate
laboratory weighing procedures. Low-volume PM;o. FRMs (Appendix O to Part 50) are similar
to PM,s FRMs, which use the same PM;, impactor inlet with the addition of WINS or very



sharp-cut cyclone inlets (Kenny et al., 2000; 2004; Peters et al., 2001a; 2001b; 2001¢c). The low-
volume PM;o. FRM sampler is consistent with EPA’s proposed difference method for PMg.; 5
(U.S.EPA, 2006) that uses identical filter media, sample collection, gravimetric analysis, and
quality assurance [QA]/quality control [QC]) procedures for the side-by-side samplers.

Low-volume PM;y and PM, s samplers are commercially available, are widely deployed
in many urban networks, and network operators are familiar with them. Costs for additional
sampling and analysis should be reasonable. There is no need for a separate Pb-PM,( network,
although the existing low-volume PM( network might be expanded to suspected Pb hot-spots, as
recommended by several committee members in the April 14 letter. The Pb-PM;y network
should be considered within the context of EPA’s integrated air monitoring strategy (Scheffe et
al., 2007; U.S.EPA, 2005) that intends to re-design the national monitoring system to attain
multiple objectives beyond compliance (Chow and Watson, 2008).

1.2. Question 2: What are your comments on the use of XRF as the Pb-PM;y FRM analysis
method?

Energy dispersive x-ray fluorescence spectroscopy (XRF; NIOSH, 1998; U.S.EPA,
1999a; Watson et al., 1999a; RTI, 2004; DRI, 2007) is the most commonly used analytical
method for multi-elemental analysis on Teflon-membrane filter samples, and the protocols
always include Pb. XRF does not destroy the sample, so it can be archived and re-examined for
stable particles by other methods (volatile aerosol components such as ammonium nitrate
evaporate in XRF’s evacuated sample chamber). XRF is currently used for PM; s elemental
analysis at urban locations in the Chemical Speciation Network (CSN), at non-urban locations in
the Interagency Monitoring of PROtected Visual Environments (IMPROVE) network, and in
many special studies.

Other methods have been proven to be equally sensitive, accurate, and precise for Pb
measurements, including Proton Induced X-ray Emission Spectroscopy (U.S.EPA, 1999b),
Atomic Absorption Spectroscopy (AAS) Code (Fernandez, 1989; NIOSH, 1994a; 1994b;
U.S.EPA, 1999c; Code of Federal Regulations, 2007b), Inductively-Coupled Plasma Atomic
Emission Spectroscopy (ICP-AES; U.S.EPA, 1999d; NIOSH, 2003a; 2003b; 2003c),
Inductively-Coupled Plasma Mass Spectrometry (ICP-MS), and Anodic Stripping Voltametry
(ASV; NIOSH, 2003d). These methods are commonly applied to air filters for Pb, especially in

workplace environments and Hazardous Air Pollutant (HAPs) networks.



With adequate standard operating procedures (SOPs; such as those cited above), these
methods give comparable results for a wide range of sample types and environments (Keppler et
al., 1970; Gilfrich et al., 1973; Camp et al., 1974; 1978; Ahlberg and Adams, 1978; Nottrodt et
al., 1978; Witz et al., 1982; Lin et al., 1993; Walder and Furuta, 1993; Pyle et al., 1996;
Bettinelli et al., 1997; Reynolds et al., 1997; Watson et al., 1997; 1999b; 2000; Lemieux et al.,
1998; Ashley et al., 1999; Rich et al., 1999; VanCott et al., 1999; Gigante and Gonsior, 2000;
Sterling et al., 2000; Farfel et al., 2001; Harper et al., 2002; 2004; 2005; 2006; 2007; Menzel et
al., 2002; Sussell and Ashley, 2002; Bai et al., 2003; Drake et al., 2003; Moreira et al., 2005;
Ariola et al., 2006; Harper and Pacolay, 2006; Harris et al., 2006; Herner et al., 2006; Kilbride et
al., 2006; Kim et al., 2007).

Figure 1 shows an example comparing Pb concentrations measured by AAS on high-
volume PM,y quartz-fiber filter analyzed by the Illinois Department of Environmental Quality
with Pb by XRF on the summed fine and coarse Teflon-membrane filters from a collocated
dichotomous sampler analyzed by DRI. The results are comparable, with a few outliers. These
monitors from South Chicago were in a highly industrialized area with relatively high levels of
arsenic (As), selenium (Se) and other potentially toxic elements. Refined Pb is amenable to a
common acid extraction methods, such as nitric acid and aqua-regia, which is not the case for
most minerals (and possibly not for Pb in its native ore prior to refining). The comparisons for
other toxic elements in Watson et al. (2000) are not as good as those for Pb.

Although a method may be shown to yield quantities comparable with reference materials
and analyses by other methods, it may be inadequate if the equipment and procedures are not up
to the task. Each SOP should state its assumptions and include tests to indicate when deviations
from those assumptions are excessive. The procedure should attempt to minimize the effects of
interferences or sample deviations from the ideal. The ability of an XRF procedure to attain a 1
ng/m’ Pb detection limit depends on the filter mass (which affects the background count), sample
volume, sample duration, and deposit area. It also depends on the Pb excitation radiation energy,
intensity, beam area, and analysis time. The sensitivity and resolution of the SiLi detector is an
important consideration, as well as peak overlap that will raise the background (which decreases
the analysis precision). There are different, but analogous, considerations for the other methods

cited above.
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Figure 1. Comparison of PMiolead concentrations from an Andersen high-volume PM;4 on
QMA quartz-fiber filters analyzed by AAS and a Sierra 241 dichotomous PM;¢o/PM; s sampler
with Teflon-membrane filters analyzed by XRF (Watson et al., 1999a) at the four sites during the
third year of the Robbins Particulate Study in South Chicago between 10/01/97 and 09/26/98
(Watson et al., 2000).

As long as the minimum detectable limits (MDLs; 1.5 ng/cm?), precision (£15% at 90%
confidence level), and accuracy (+£5%) are within the EPA’s specified levels, any of the methods
cited above should be adequate. That said, XRF and/or proton induced x-ray emission (PIXE)
can simultaneously acquire 40-50 elements without much additional cost (except for the cost of
acquiring additional standards, performing instrument calibration, and data processing). If only
Pb is desired, most of the multi-element excitation conditions can be dropped, thereby increasing
throughput and further lowering costs. The issues of extraction efficiency, use of different acid
mixtures for extraction, matrix interferences, potential contamination, and sample destruction
inherent in AAS, ICP-AES, ICP-MS, and ASV result in these methods being more costly, but
they may be of use in some instances. For example, ICP-MS can quantify Pb isotopic
abundances that might be of use in quantifying source contributions (Munksgaard and Parry,

1998).



1.3. Question 3. What are your comments on the specific analysis details of the XRF analysis
method contained in the proposed Pb-PM;q FRM analysis method description?

While the method description in Appendix Q to Part 50, “Reference Method for the
Determination of Lead in Particulate Matter as PM;y Collected From Ambient Air” covers many

details, there are several points that need clarification:

Section 1.1 (Line 2). PM;jy should be collected on an “acceptance tested” 46.2 mm diameter
polytetrafluoroethylene (PTFE) filter. Acceptance testing is performed to verify blank levels
for Teflon-membrane filters. In the early 1970s, one batch of Teflon-membrane filters was
contaminated with Pb from the manufacturer, and this compromised the study results (Chow,
1995a).

Section 1.1 (Lines 7 and 8). The definition of PM,( should include a specific inlet efficiency
curve with a 50% cut-point and slope, similar to the PM;y FRM specification (U.S.EPA,
1987).

Section 1.4 (Line 1). Is it necessary to specify “electrically powered”? I don’t see any problem
with other vacuum assisted suction methods as long as the flow rate specifications are
attained. Photovoltaic cells and batteries are also sources of electricity.

Section 1.4 (Line 8). Change “Line intensity” to “photon energy”.

Section 2.1 (Line 3). The deposit area on ringed Teflon-membrane filters varies slightly from
different speciation samplers (e.g., 11.76 — 11.78 cm?), and it is smaller than the 11.86 cm’
estimated for the Pb-PM;o FRM sampler. It would be better if the deposit area is measured
from several samplers and sample batches to assure that the correct value is being used.

Section 2.2 (Lines 4-5). “The one-sigma detection limit for Pb is calculated as the average
overall uncertainty or propagated error for Pb, determined from measurements on a series of
blank filters.” This should be more explicit, i.e., translate the square root of the number of
counts from a series of blank filters near the Pb analysis energies into pg/m’ using the XRF
calibration factor (ng/count), sample volume, and deposit area. The one-sigma detection
limit is best based on each batch of unexposed blank filters to account for batch-to-batch
variations. Even though these variations are expected to be small, it is a better practice to
ensure consistency among different batches of filters. This might be incorporated into the
acceptance testing criteria.

Section 3.1 (Lines 1 and 3). Define “too much deposit” (Line 1) and “heavy deposit” (Line 3).
This shouldn’t be a problem with XRF, because Pb has a strong energy and is not much
affected by particle size or sample deposit (Criss and Birks, 1968; Hunter and Rhodes, 1972;
Rhodes and Hunter, 1972; Dzubay and Nelson, 1975; Adams and Billiet, 1976). One could
require a calculation of self-adsorption and the loading at which it might exceed the
measurement tolerances using one or more of the cited methods.

Section 3.1 (Line 5). While an optimum PM,, filter loading of 150 pg/cm” or 1.6 mg/filter is
reasonable for a 46.2 mm filter with a low-volume (16.7 L/min) sampler, this value needs to
be justified with a citation. The same is true for the minimum deposit of 15 pg/cm? (Line 7).
An optimal loading estimate might be required to be part of the procedures, again using
published formulae.



Section 3.1 (Lines 8-10). Deposit non-uniformity may occur if an in-line filter holder is used, but
in-line filter holders are not part of PM;y low-volume samplers. The deposits are very
uniform with these samplers, as evidenced by their appearance. Modern XRF equipment
also rotates the sample, and the incident beam is at an off-center angle, thereby lessening the
effects of a non-uniform deposit. Deposit uniformity might be defined by a performance
specification of some kind and be addressed in the SOP.

Section 3.2 (Line 11). “Energy resolution” should be defined as < 155-160 eV full-width at half
maximum..

Section 4.1 (Line 4). A CV of 15% is high. Typically, precision can be much better than +10%.

Section 6.1.2. (Lines 4-5). Selecting 50 out of 500 filters, or 10% of blank filters, for acceptance
testing is more than is needed. Two filters out of a hundred are more reasonable and cost-
effective.

Section 6.1.2 (Line 8). Where did 4.8 ng Pb/cm? come from? Based on the past records, 1-3 ng
Pb/cm’” seems to be a more adequate acceptance level, but this needs to be validated with a
citation.

Section 6.2.1 (Lines 2 and 3). The method should not imply that Thermo and PANalytical, are the
only units. UC Davis designed and operates its own system for IMPROVE samples, and it
seems to work fine. I believe EPA is still using the old LBL workhorse in its RTP labs.
Xenemetrix (new owners of Jordan Valley, www.xenemetrix.com/index.htm) and Spectro
(www.spectro.com/pages/e/index.htm) also have XRF units adaptable to this purpose.

Section 6.2.2 (Lines 1-4). Both 15 and 50 pg/cm® Pb thin film standards can be obtained from
Micromatter Inc. (Arlington, WA). NIST (2008) also has a Pb standard solution, standard
reference material (SRM) 3128 with certified Pb value of 9.987 + 0.018 mg/g, or other
SRMs in different matrices that might be applicable to assessing accuracy and precision.

Section 6.2.4 (Line 17). “Calibration is performed only when significant repairs occur or when a
change in fluorescers, X-ray tubes, or detector is made.” Most XRFs are robust and may not
need repairs for years. QA standards with each run monitor intensities and peak separations.
Nevertheless, it’s a good idea to perform base calibrations at least once per year, and to use
the Lg line as a secondary peak to verify Pb by the L, line.

Section 6.2.4.2 (Lines 3-4). Rather than keeping 20-30 filters as clean blank filters, it is better to
retain 2% of every new batch of filters (i.e., 100 per batch) for acceptance testing (see above
comment on Section 6.1.2).

1.4. Question 4. Do you think the precision, bias and MDL of the XRF method for the proposed
Pb range will be adequate?

Yes, with the appropriate samples and procedures. Arsenic (As) and other spectral
interferences can be estimated and corrected, and this is commonly done using the Pb Ly as well
as the Pb L, to quantify Pb levels. A quick calculation shows that if As levels were so high as to
overwhelm the Pb lines, then Pb exposure would not be the biggest problem. The deposit
inhomogeneity reported by Bandhu et al. (2000) were caused by their use of in-line filter holders.

Chow (1995b) shows pictures of samples from in-line filter holders, demonstrating that you



don’t need a lot of analysis to know when the deposit is non-uniform. The aerosol sampler (Fitz
et al., 1989) used in the Southern California Air Quality Study (SCAQS) used in-line filter
holders and required some extra effort to adjust the elemental data (Cahill et al., 1989; Chow et
al., 1994; Matsumura and Cahill, 1991) for subsequent interpretation. None of the samplers
under consideration use in-line filter holders, and all of them have a long-enough transition zone
to assure a uniform deposit. The good comparability reported in most of the studies cited above
could not be achieved if this were not the case.

1.5. Question 5. Are there any method interferences that we have not considered?

XRF spectrum processing methods are well-established for thin samples, and most of the
newer analyzers have software that can implement several of the most common approaches to
background subtraction, peak overlap correction, self-absorption (not really needed for Pb),
coincidence counting, and deadtime corrections. The software implements well-established and
non-proprietary methods (Bonner et al., 1973; Dzubay et al., 1977; Giauque et al., 1977,
Grennfelt et al., 1971; Lubecki, 1969; Parkes et al., 1974; Russ, 1977; Statham, 1976, Statham,
1977) that can be applied to any digitized spectrum.

2. QUESTIONS FOR ATTACHMENT 2 [APPROACHES FOR THE
DEVELOPMENT OF A LOW-VOLUME AMBIENT AIR MONITOR
FOR LEAD IN TOTAL SUSPENDED PARTICULATE (PB-TSP)
SAMPLER]

As noted several times before, TSP is defined by the dimensions and flow rates of the
high-volume sampler, and even these vary substantially from sampler to sampler. We now have
a better understanding of the inlets, flow controls, filter media, passive deposition, and wind
speed/direction dependencies (McKee et al., 1971; Clements et al., 1972; Smith and Nelson, Jr.,
1973; Chahal and Hunter, 1976; Benarie, 1977; Wedding et al., 1977; Blanchard and Romano,
1978; U.S.EPA, 1982; 1983; van der Meulen et al., 1984; Watson et al., 1989; Code of Federal
Regulations, 2007a). A true TSP sampler (i.e., one that collects all of the suspended particles),
would look like Figure 2, which is unlikely to be practical for most situations.

1.6. Question 1. Would a low-volume Pb-TSP sampler be an improvement over the existing
high-volume Pb-TSP sampler? What advantages and disadvantages do you see associated
with a low-volume Pb-TSP sampler?

No, because a low-volume sampler is unlikely to represent high-volume TSP. A low-

volume TSP inlet would probably be symmetrically designed (e.g., a round cap on top of a round



pipe). This would remove the inherent bias with respect to wind direction that is present in the
asymmetric peaked roof high-volume TSP inlet. One must also decide on the roof dimensions
and the gap between the peaked roof and the sampler body. Code of Federal Regulations
(2007a) states: “The absolute accuracy of the method is undefined because of the complex
nature of atmospheric particulate matter and the difficulty in determining the ‘‘true’’ particulate
matter concentration.” The inlet is defined as follows: “The sampler cover or roof shall
overhang the sampler housing somewhat...and shall be mounted so as to form an air inlet gap
between the cover and the sampler housing walls. This sample air inlet should be approximately
uniform on all sides of the sampler. The area of the sample air inlet must be sized to provide an
effective particle capture air velocity of between 20 and 35 cm/sec at the recommended
operational flow rate.” With respect to flow rate, the specification is 1,100 to 1,700 L/min. How
is anyone going to define, let alone duplicate, the size collection properties of such a poorly
defined inlet?

Figure 3 compares collocated measurements from TSP high-volume samples with
medium-volume samples acquired with a sequential filter sampler (SFS; U.S.EPA, 1989). To
emulate TSP, the SFS plenum and inlet were removed and each 47 mm filter holder was covered
with a PVC end-cap to emulate the air velocity through the gap between the high-volume peaked
roof and sampler body (20 to 35 cm/sec, as noted above). Average efficiencies ranged from 66%
to 106% with most of them being ~80%. This is the only test I am aware of that tried to emulate

the peaked roof high-volume sampler inlet with another device.



Figure 2. Schematic of the Wide Range Aerosol Classifier (Burton and Lundgren, 1987)
designed to sample total suspended particulate, as opposed to TSP which is imprecisely defined
by an imprecisely specified high-volume sampler with a peaked roof inlet.
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Figure 3. Column 4 compares medium-volume sequential filter sampler TSP (113 L/min) with
peaked roof high-volume (1130 L/min) TSP for six sites in Portland, OR during 1977 (Watson,

1979).

1.7. Question 2. What inlet designs would be best suited for a low volume Pb-TSP sampler?
What designs are not appropriate for a low-volume Pb-TSP sampler?

Replacing the current inlet with a non-symmetric (rectangular?) cap that attempts to
emulate the 20 to 35 cm/sec flow rate through the annulus is the most logical approach, but I
don’t expect it to emulate a collocated high-volume measurement any better than the results of
Figure 3. Computational Fluid Dynamics (CFD) models could be applied to the peaked roof
high-volume sampler, as they have been to other inlets (Anthony and Flynn, 2006; Hu et al.,
2007), to figure out what is going on and how to emulate properties at lower flow rates, but I

don’t think it’s worth it.
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1.8. Question 3. What is your preferred approach for the development of a low-volume Pb-TSP
sampler, and why?

My preferred approach is to abandon TSP as an indicator of Pb inhalability and to stick
with PM. Add sampling and analysis of deposits in soil or house dust if one is concerned about
the ingestion of toxic dust.

1.9. Question 4. If the EPA were to develop a low-volume Pb-TSP FRM, how important is it
that the sampling capture efficiency be characterized for varying particle sizes?

EPA would need to determine the 50% cut-point and slope for the inlet and define how it
varies for different wind speeds and directions, meeting the same testing requirements that are in
place for PM,( and PM; 5 inlets with current technology.

1.10. Question 5. If the EPA were to develop a low-volume Pb-TSP FRM, should the new FRM
replace the existing high-volume Pb-TSP FRM, or should the EPA maintain the existing
FRM?

A better designed and characterized low-volume sampler should replace the existing
high-volume Pb-TSP FRM. At the very least, the inlet should be symmetrical so that wind
direction is not an issue. It would be better to have a consistent inlet and have comparable data
than to continue with the 1950s high-volume technology that was developed before we
understood the importance of particle size cuts.

EPA set the precedent when it switched from high-volume defined TSP to performance-
defined PM) in the late 1980s, so this issue shouldn’t be all that controversial. With respect to
health impacts, one should separate ingestion from inhalable particles. For areas with heavy
deposition of Pb-contaminated dust, special studies should be conducted. This is not the case in
most compliance networks, however.

1.11. Question 6. Is it appropriate to accept alternative sampler and inlet designs as FEM?

Yes, as well as laboratory analysis methods mated to sampler designs. Performance
criteria and ways to verify compliance with them should be specified in the method, not specific
pieces of hardware (Chow, 1995a; Chow and Watson, 2008)

1.12.  Question 7. Are the proposed FEM testing criteria for Pb methods adequate to ensure
equivalence of alternative sampler and inlet designs? If not, what additional testing
requirements should be considered?

Even though the criteria are less stringent for FEMs as compared to FRMs, I don’t agree
with EPA’s notion that “there is no need to perform wind tunnel tests to characterize sampler

capture efficiency.” One might change the word “sampler” to “inlet”, as this is the key
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component when defining the size fraction. Since high-volume TSP is ill-defined, low-volume

TSP needs to be better defined.
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