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Dr. Judith C. Chow

PMo.25 Speciation Measurement

1. Table 1 provides a list of proposed PMyq., 5 species and analysis methods. Are there additional PMy,.
2.5 target species or methods that can be used to help identify the source of unidentified mass in order
to obtain better mass closure?

Table 1 provides a comprehensive list of elements, ions, carbon, and bioaerosol indicators. It is not clear
how the ORD report (U.S. EPA, 2006) found that 10-50% of the PMy,.,5 mass is unaccounted for. The
sum of species is not a good indicator for PMyg,5 mass closure calculations, since crustal material
accounts for the major portion of PMy,5. A material balance that commonly groups by source types
(e.g., geological material, secondary inorganic aerosols, carbon, salt, and others) may be a better way to
evaluate mass closure. Oxides of major crustal components are used in the calculation for geological
material. There are two commonly used metal oxide formulas that give similar estimates:

Geological Material =1.89 x Al +2.14 x Si + 1.4 x Ca+ 1.43 x Fe @
Geological Material =2.2 x Al +2.49x Si+1.63xCa+242xFe+194xTi (2)
(Eq. 2 is the IMPROVE formula;Watson, 2002)

Using OM = 1.2 x OC (and Eg. 1; Solomon et al., 1989), Chow et al. (2002a) found that geological
material accounted for 72-81% of PMyq.,5, with 7-15% organics. The unidentified mass was negligible
(<1%) at six urban locations in Mexico City. PMyy,5 mass concentrations were high and variable,
ranging 19-56 ug/m°. The variable nature of the OC/OM ratio introduces uncertainties in the estimation
of PMyg.,5 organic material. A 1.2 multiplier is appropriate for hydrocarbons (composed of H and C
atoms), but the humic-like substances (HULIS) (Kerley and Jarvis, 1997; Schulten and Leinweber, 2000;
Thomsen et al., 2002) and bioaerosols (Alexis et al., 2006; Bauer et al., 2008; Heinrich et al., 2003; Lee et
al., 2007; Menetrez et al., 2007a) in PMyg,5 probably justify a larger multiplier to account for
unmeasured oxygen and nitrogen atoms. Mass closure within £10-20% is considered sufficient as a
quality check.

2. Various sampling devices, including dichotomous samplers, MetOne SASS speciation monitors, PMyj
and PM, s FRMs are potential sampling devices (with the appropriate filter types) for PMyg.,5
speciation. Among these sampler types, which should be included or excluded from the pilot network
design? Are there other sampling devices not listed here that should be considered?

All of the filter samplers with well-characterized PM,s and PMyy inlets should be considered. The PMyg
sampling efficiency (Keywood et al., 1999; Watson et al., 1983; Wedding and Carney, 1983) is most
important because the ambient size distribution often peaks near the 10 pum cut-point (Burton and
Lundgren, 1987; Lundgren et al., 1984; Lundgren and Burton, 1995). Since PMy, and PMyq.,5 are highly
variable in space and time (Baldauf et al., 2002; Burton et al., 1996; Chow et al., 1981; 1992; 1999; 2000;
2002a), less expensive and portable samplers should be considered (e.g., the BGI OMNI and the
Airmetrics MiniVol) to allow more of them to be deployed These 5 L/min units have well-characterized
inlets.

Optical particle counters (OPCs, e.g., Grimm Dust Monitor, TSI DRX DustTrak 1) should also be
considered as they can detect short-duration events and can be comparable with filter measurements under
certain circumstances (Grover et al., 2006; Peters et al., 2006; Teikari et al., 2003).

Other low- and medium-volume sampling systems are still in use (e.g., Andersen RAAS, URG MASS,
R&P2025 Partisol sequential PM, s, and R&P 2300 samplers). Sampling efficiencies should be estimated
based on sampling effectiveness curves and anticipated size distributions at potential monitoring locations



prior to conducting collocated sampler comparisons. It will be important to verify the homogeneity of
PMyg.25 levels across the sampling array (Mathai et al., 1990) using similar instruments for a valid
comparison study.

3. What are the PMy.,5 speciation sampling artifacts that may be encountered using the samplers
mentioned above and how should they be addressed? Is speciation by the difference method
problematic for PMyq., 5 speciation and if so what specific issues make it problematic?

Carbon gases are adsorbed onto quartz-fiber filters, and this artifact is imperfectly assessed and subtracted
using field blanks exposed for the entire sample duration and backup filters (Arp et al., 2007; Chow et al.,
2008; McDow, 1986; Noll and Birch, 2008; Watson et al., 2008; 2009). The magnitude of the artifact
correction is reduced by using higher sample volumes and lower filter exposed areas so that more carbon
is collected per unit of filter area. A better understanding of the adsorbed compounds will be needed to go
beyond current PM, 5 practices that can also be applied to PMg_,s.

Nitrate is less likely to evaporate from the coarse fraction as it does for PM,s (Ashbaugh and Eldred,
2004; Chow et al., 2002b; 2005). PMy,.»5 nitrate often occurs as non-volatile sodium nitrate (Mamane
and Gottlieb, 1992; Mamane and Mehler, 1987; Wu and Okada, 1994). Nitric acid may react with
alkaline PMyy,5 (Goodman et al., 2000; Hodzic et al., 2006; Laskin et al., 2005; Ooki and Uematsu,
2005; Umann et al., 2005; Underwood et al., 2001), thereby resulting in a positive nitrate artifact for non-
denuded samples at certain locations.

Collocated PMjo/PM,5s samplers and virtual impactor (dichotomous) samplers require difference
calculations for which the uncertainties of the individual samples should be propagated (Evans and Ryan,
1983; Watson et al., 2001). The propagated uncertainties of differences are about the same for collocated
PM;o/PM, s samplers, and may be higher for the dichotomous samplers because the 10 to 1 flow rate ratio
between the fine and coarse channels often varies. As pointed out by Allen et al. (1999), variability in
PMyo.25 is expected to be higher either by virtual impactor or by difference method with inertial impactor
or sharp-cut cyclone.

Most collocated sampling studies (see Chow, 1995; Chow et al., 2008 for study summaries) have
compared PM,s and PMy, separately. PM;, comparisons are often poorer than those for PM, s when: 1)
PMyo.25 constitutes a large fraction of the PMy; 2) inlets have different sampling effectiveness curves
(even minor ones); and 3) inlet sampling effectiveness changes with inlet loading.

4. The current and most widely used PM, 5 speciation sampler is the MetOne SASS and it has a flow rate
of 6.7 Liters per minute (Lpm) which is significantly lower than either the FRM for PMy,.,5 mass or
the dichotomous sampler (16.7 Lpm). If this sampler was configured for PMyq., 5 by difference, would
the 6.7 Lpm flow rate be problematic, especially with the need to compare reconstructed mass to the
mass collected by the PMyg,5 FRM?

The MetOne SASS with a flow rate of 6.7 Lpm should be adequate to collect enough PMyg.,5 particles in
urban networks when equipped with a 6.7 Lpm PMy, inlet (Kenny et al., 2000; Kenny and Gussman,
2000). The flow rates should be the same through all filters so that filter adsorption and evaporation
artifacts would be similar. The URG 3000N sampler used in the current Chemical Speciation Network
(CSN) for carbon analysis uses a flow rate of 22.7 Lpm, which is three times higher than the MetOne
SASS. The tenfold difference in face velocity (107.2 cm/sec) for the URG 3000N versus 9.5 cm/sec for
the SASS) and its effect on sampling artifact needs to be further explored. This is more of a PM,s than a
PMyo.25 issue, however. The MetOne SASS filter holder is costly to obtain, process, and ship, and greater
operational savings might be obtained by using a simpler sampler pair (e.g., OMNI, PQ2000, Airmetrics)
that uses the standard Delron FRM filter ring.



5. Is the amount of particle mass collected on the dichotomous filters (especially the minor flow)
sufficient for speciation chemical analysis?

Yes, there are several previous studies using virtual impactors that have involved chemical speciation and
used these data for air quality assessment (Dzubay et al., 1977; Dzubay, 1980; Dzubay and Stevens, 1975;
John et al., 1988; Li et al., 2001; Lin, 2002; Lin and Tai, 2001; Magliano, 1988; Mamane and Dzubay,
1990; Rashid and Griffiths, 1993; Sprovieri and Pirrone, 2008; Watson et al., 1981; Witz et al., 1982). If
the MetOne SASS is deemed adequate for chemical measurements with its larger filters and lower flow
rates, then the higher areal concentration on the 37 mm filter and 16.7 Lpm flow rates would make the
sensitivity for dichotomous samplers even better.

During the early 1980s, dichotomous samplers (Beckman Instruments) were installed in the U.S. EPA’s
Inhalable Particulate Matter network for PM,s and PMys at 73 locations (Watson et al., 1981). A subset of
samples were submitted for elemental (Al, S, Cl, K, Ca, Ti, Mn, Fe, Ni, Cu, Zn, Br, Sn, and Pb) and ionic
(NOs, SO47) speciation. The California Air Resources Board (ARB) also operated dichotomous
(Andersen 244) samplers from 1983-2001 at 20 urban sites with elemental analysis for 30 species on both
PM, s and PMyq.,5 samples (Motallebi et al., 2003a; 2003b; 2003c).

For very low loading PMy.,5 samples, the analytical instrument for XRF analysis and extraction volume
for ion chromatography (IC) can be optimized to lower the minimum detectable limits (MDLS).

PM.25 Species or Components

6. Table 1 provides a list of proposed PMyq., 5 species and analysis methods. Among these species,
which are most important? Are there important PMy., 5 Species or components missing from this list?
Are there important analysis methods missing from this list?

PMyo.25 is enriched in soil-related elements (e.g., Al, Si, K, Ca, Ti, Mn, and Fe) at inland sites and marine-
related elements (e.g., Na and CI) at coastal sites (e.g., Chow et al., 1994a). Crustal elements, salt (Na
and Cl), ions (e.g., NO3") and carbon (e.g., OC and carbonate) are also important PMyq.,5 components to
be considered.

Cao et al. (2005) found that carbonate accounting for 8% of PM,s mass during Asian dust storms, and
~5% between storms in Xian, China. Although PM,s carbonate may be negligible in non-urban
IMPROVE sites (Chow and Watson, 2002), its abundances are expected to be higher in PMyy,5 and
should be measured, especially for Asian dust intrusions (VanCuren, 2003; VanCuren and Cahill, 2002).
Without acidification for carbonate analysis, the presence of carbonate could bias both OC and EC
measurements (Chow and Watson, 2002).

Organic carbon in urban and rural PMy, road dust and agricultural soil ranges from 3-20% (Chow et al.,
2003). There is growing evidence that coarse particle organic markers differ from those for PM, s and can
be used to identify and quantify source contributions (Boon et al., 1998; Labban et al., 2006; Omar et al.,
2002; Rogge et al., 2006; Rogge et al., 2007; Simoneit et al., 2004; Song et al., 1999). Analyses for
organic species (e.g., polycyclic aromatic hydrocarbons [PAHs] should be considered on a subset of
samples, possibly by thermal desorption-gas chromatography/mass spectrometry (TD-GC/MS) where
only a small portion of quartz-fiber filters are needed to speciated non-polar organics (e.g., n-alkanes,
alkenes, hopanes, steranes, PAHs (Chow et al., 2007; Hays and Lavrich, 2007; Ho et al., 2008; Ho and
Yu, 2004; Yang et al., 2005)

Coarse particles, especially minerals, have different light absorption characteristics at different
wavelengths that can be used to distinguish among sources (Fialho et al., 2005; Kim et al., 2004). Filter
light transmission (or by,s) has been shown to be highly correlated with PM,s or PMyo EC and can serve
as a surrogate for PM black carbon (BC). PMyg.»5 bans measurements at various wavelengths might be
considered, especially for locations where only Teflon-membrane filter samples will be collected.



7. In the consideration of potential ion measurements for PMyg., 5 species, what ions should be on the
target list? Are nitrate or ammonium ions important? If so, is an acid gas denuder and nylon filter
required for the proper collection of these species in PMyg »5?

The anions (i.e., CI, NOs, and SO4") and cations (i.e., Na*, K*, NH,") listed in Table 1 should all be
measured.

Coarse particle NO; (e.g., sodium nitrate [NaNOs]) has been found in the desert southwest and
environments with abundant coarse PM (Mamane and Mehler, 1987; Watson et al., 1994). Chemical
reactions convert sodium chloride (NaCl) to hydrochloric acid (HCI) and forms thermally stable NaNO;
(e.g., Ellis et al., 1983; Pilinis and Seinfeld, 1987; Russell and Cass, 1984). These reactions may
dominate coarse particle NOs™ and occur when NaCl from sea salt, road sanding, or dry lake beds is an
abundant atmospheric constituent. Since most of the PMyq.,5 contains alkaline crustal material, it is not
necessary to use preceding acid gas denuders or nylon filters. Water-soluble Ca*?, Mg*, and PO, are also
found in coarse particles and may be indicative of sources. Water-soluble Ca*? is formed by the reaction
of acid gases with calcium carbonate (Krueger et al., 2004).

lon analysis is important for PMyg.,5, but it is unnecessary to allocate a separate nylon channel for
sampling and analysis. If a URG3000N sampler is used for carbon analysis, it is recommended to use a
47 mm filter cassette (with an exposed area of 11.8 cm?), which allows for both carbon (0.5 cm? punch)
and ionic (1/2 of the 47 mm quartz-fiber filter) speciation. The current 25 mm filter configuration in the
URG 3000N with an exposed area of 3.5 cm? is not adequate for both carbon and ion speciation,
especially if carbonate or other analysis is considered.

8. The 2004 CD included a list of important PMy4.,5 components which included biological materials
and fly ashes. If these species are important to characterize, what specific types of biological
materials and fly ashes should be included? Is scanning electron microscopy (SEM) on Teflon filters
sufficient to quantify and identify these species? Is the proposed total protein assay technique
important to obtain a quantitative indicator of the total biological material present?

Fly ash may be important if the sampling site is located near a coal-fired power plant or if there are
storage piles of fly ash nearby, but most modern industrial stacks have particle removal devices that
remove most of the coarse particles, and fugitive emissions are the most probable sources.

Fugitive fly ash can be collected as grab samples, sieved, and resuspended in a laboratory resuspension
chamber (Chow et al., 1994b) for both PM,s and PMy, size fractions, and submitted for the same
chemical speciation as those for ambient PM. Resuspended fly ash samples may be useful for in vitro
analysis in health assessment. Source profiles for fly ash can also be used in receptor modeling to
estimate coal-fired power plant source contributions.

Both optical and electron microscopy (SEM) can be applied to filter samples (Casuccio et al., 1983;
Gwaze et al., 2007; Kim, 2007; Ott et al., 2008; Watson et al., 2007; Zhao et al., 2006), but hundreds of
particles must be classified to obtain quantitative results. Microscopy has the advantage of identifying
unknown sources, but automated image recognition methods perform best with low particle densities (i.e.,
low flow rates of 1-2 Lpm) and a consistent background, such as that provided by flat polycarbonate
filters; this implies a separate filter channel for microscopic analysis.

Bioaerosols, including plant pollen and microorganisms (mold and bacteria) have been recognized as
potential health hazards (e.g., Heederik, 2003; Schulze et al., 2006; Steerenberg et al., 2003; Targonski et
al., 1995), but have not been widely studied (e.g., Heinrich et al., 2003; Menetrez et al., 2000; 2001,
2007b). If standard operating procedures (SOPs) can be established and target species determined, a
subset of PM, 5 and PMyg.05 samples (e.g., near agricultural fields, livestock, and vacant lands) should be
analyzed for fungi, endotoxins, and proteins.



9. Can the complication of particle size and absorption effects in XRF be resolved using absorption
correction factors? If not, what other method(s) should be considered?

Yes, corrections have been successfully devised and applied (Adams and Billiet, 1976; Adams and van
Grieken, 1975; Berry et al., 1969; Criss, 1976; Dzubay and Nelson, 1975; Hunter and Rhodes, 1972;
Jackson and Hampel, 1992; Rhodes and Hunter, 1972; Sewell et al., 1985; Wagman et al., 1978). Some
further work is needed to compare the different approaches and evaluate deviations from basic
assumptions (e.g., size distributions). The corrections are specific to the XRF configuration, so it would
be good to develop a software system that could be used by different analysis laboratories.

Self-absorption is most prominent for Al and Si, which have the least energetic absorption edges and
emitted x-rays. Table A shows an example of such correction factors for a specific analysis configuration
and particle size distribution.

Table A. Correction factors applied for PMyg., 5 or PMyg particles (after Dzubay and Nelson, 1974).

Element Correction Factor
Al 2.439
Si 2.083
P 1.724
S 1.563
Cl 1.429
K 1.282
Ca 1.235

ICP-MS presents its own difficulties in that Al, Si, and other elements are closely bound as oxides and
need extreme acid digestion to free them for analysis (Anzano and Ruiz-Gil, 2005; Herner et al., 2006; Lu
et al., 2003; Margui et al., 2005; Melaku et al., 2005). ICP-MS is not as precise as XRF for some key
elements, including Si, P, S, and ClI, although it has lower detection limits for some of the transition
metals. ICP-MS should be considered as complementary to, not as a replacement of, XRF.

10. Are metal oxides a significant source of interference in thermal-optical analysis (TOA) of PM10-2.5
for OC and EC given the large expected soil component? If so, how should this interference be
addressed?

Metal oxides and catalysts such as NaCl, if present in significant amounts, could be a source of
interference in thermal/optical analysis (Chow et al., 2001; 2006; Fung et al., 2004; Han et al., 2007a;
2007b; Lin and Friedlander, 1988a; 1988b; 1988c). Several effects occur: 1) mineral oxides provide
oxygen during the inert-atmosphere analysis phased (Fung and Wright, 1990); 2) the color of the minerals
interferes with transmittance and reflectance corrections (Fung et al., 2004); and 3) catalysts increase the
EC oxidation rate (Lin and Friedlander, 1988a; 1988b). More systematic study is needed to quantify the
uncertainties introduced by these effects and to determine thresholds below which they are tolerable.

Network Design

1. Are sites with high PMyg and low PM, 5 good candidate sites for PMyg., 5 speciation? Given that there
will be some urban and rural NCore monitoring sites with PMy,., 5 speciation, what other factors
should be considered in selecting the pilot monitoring and long-term sites or locations?



Sites with high PMy, and low PM;5 (e.g., Las Vegas, NV, during spring; Chow et al., 1999) or low PMyq
and high PM,s (e.g., wintertime in central California; Chow et al., 2005) are good candidates to test the
high and low PMyq.,5 mass and composition, respectively. The PM,s Ca from CSN sites can be used to
select sites for potential high carbonate concentrations. A combination of sites that are influenced by
paved and unpaved roads, agricultural activities, storage piles, and bioaerosols are ideal for pilot and
long-term monitoring to assess the impacts from specific sources.

2. If there is an opportunity to modify the NCore PMy4_,5 speciation monitoring requirements during a
future rulemaking, should changes to the network design be considered? For example, changing the
total number of required monitors and/or the required locations?

While there is a desire to collocate PMio and PM, 5 at sites for source attribution and for assessment of
health impacts, this may be an opportunity to modify the NCore sites to accommodate special needs of
more source-oriented PMq., 5 Sites.
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Mr. Henry (Dirk) Felton

PM .o 5 Speciation Measurement

1. Table 1 provides a list of proposed PMyq.» 5 species and analysis methods. Are there additional PMy,.
2.5 target species or methods that can be used to help identify the source of unidentified mass in order
to obtain better mass closure?

Organic Carbon, volatile species

2. Various sampling devices, including dichotomous samplers, MetOne SASS speciation monitors, PMg
and PM,s FRMs are potential sampling devices (with the appropriate filter types) for PMyg.5
speciation. Among these sampler types, which should be included or excluded from the pilot network
design? Are there other sampling devices not listed here that should be considered?

The SASS PM-10 inlet is not yet viable the SASS is the most appropriate choice if multiple filter media
are required for each sample.

Continuous instruments with appropriate inlets - Particle Mass spec?

3. What are the PMyy., 5 speciation sampling artifacts that may be encountered using the samplers
mentioned above and how should they be addressed? Is speciation by the difference method
problematic for PMyg., 5 speciation and if so what specific issues make it problematic?

Mathematical adjustments to Dicot concentrations are less attractive for component analysis More
volatile

4. The current and most widely used PM, s speciation sampler is the MetOne SASS and it has a flow rate
of 6.7 Liters per minute (Lpm) which is significantly lower than either the FRM for PMy,.,5 mass or
the dichotomous sampler (16.7 Lpm). If this sampler was configured for PMy,.,5 by difference, would
the 6.7 Lpm flow rate be problematic, especially with the need to compare reconstructed mass to the
mass collected by the PMyg.,5 FRM?

In Queens, NY typical 16.7 L/min FRM filter loadings are 260 ug for PM-2.5 and 480 ug for PM-10. Itis
expected that a 6.7 L/min sampler would have loadings of 104 ug and 192 ug respectively. These lower
loadings certainly increase the significance of the precision of the weighing procedure and the magnitude
of the filter blanks which are permitted to be as high as 30 ug.

During the recent FEM equivalency evaluations performed by ThermoFisher Scientific, Franklin, MA,
the vendor was required to run filter based low volume FRM PM-2.5 and PM-10 samplers in triplicate.
The average standard deviation of the three calculated PMc values over 44 sampling days was 0.8 ug/m3.
If we assume that the 6.7 L/min sampler performs as well as a carefully operated FRM during an
equivalency test, which should be considered a best case, 0.8 ug would indicate a standard deviation of
about 20 ug of filter loading on the 6.7 L/min sampler. That makes the precision of the method an issue
since the expected PMc by difference is only 88 ug for the 6.7 L/min sampler.
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5. Is the amount of particle mass collected on the dichotomous filters (especially the minor flow)
sufficient for speciation chemical analysis?

At sites in the Northeast the coarse mode filter most likely will not have enough material for some of the
component analysis.

PMo.25 Species or Components

1. Table 1 provides a list of proposed PMy,.» 5 species and analysis methods. Among these species,
which are most important? Are there important PMy., 5 species or components missing from this list?
Are there important analysis methods missing from this list?

This question is geographically, seasonally, health and urban/rural dependent. In the Northeast, the
concentrations of elements in PMc tend to be around 30% of the mass. From a Northeast perspective, the
only element missing from Table 1 is Vanadium which can have significant PMc concentrations in some
areas. Soluble ions may be the least important group of species on the table. S, Cl and K can be
estimated from the elemental data and ammonia data may be more accurate if the NATTS program
initiates the planned 24-hr denuder sampling for ammonia.

Carbon is probably the most important overall group of PM components because it includes many
compounds that are not well identified and are likely to be correlated with health effects. Continuous
Carbon monitoring is the most cost effective means of obtaining daily datasets. The Sunset Labs
instrument is available as a prototype in a configuration for PM-10. The pilot should establish a few sites
in different parts of the country with hourly OC/ECcoarse by difference.

2. In the consideration of potential ion measurements for PMq., 5 Species, what ions should be on the
target list? Are nitrate or ammonium ions important? If so, is an acid gas denuder and nylon filter
required for the proper collection of these species in PMyg»5?

This question is geographically, health and urban/rural dependent.

3. The 2004 CD included a list of important PMy4.,5 components which included biological materials
and fly ashes. If these species are important to characterize, what specific types of biological
materials and fly ashes should be included? Is scanning electron microscopy (SEM) on Teflon filters
sufficient to quantify and identify these species? Is the proposed total protein assay technique
important to obtain a quantitative indicator of the total biological material present?

As with all PMc data, the relative importance of one component over another is dependent on location
and sources. In and around industrial areas and large, older urban areas such as cities in the Midwest and
Northeast, fly ash and oil soot are found in significant concentrations in the air. Often the majority of
these particles are larger than 10 microns and are likely to be excluded in PMc measurements. Since
these particles may be correlated with health effects, the pilot monitoring program should consider
evaluating concentration differences in results between samples collected with PMc samplers and
samplers with low volume TSP inlets such as the URG-2000-30DG.

Teflon filters are suitable for SEM work but are not ideal. Their depth structure prevents reliable
guantitation and tends to hide the smaller particles.

Biological materials such as mold spores, insect parts and moth scales will partially be collected with
PMc samplers. It certainly is plausible that mold spores could have a correlation with health effects but it
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is unlikely that generalized assay tests would sufficiently identify specific components of PM that
probably affect only a limited portion of the population.

Pollen for the most part is too large to be included in PMc measurements. Specialized samplers such as
the Burkhard spore trap and Rotorod sampler are used for Pollen sampling and counting.

4. Can the complication of particle size and absorption effects in XRF be resolved using absorption
correction factors? If not, what other method(s) should be considered?

This is not much of a problem for sites in the Northeast. The XRF analysis for the more heavily loaded
PM-10 filters is modified by extending the count time for the detector. If there is concern that this issue is
becoming problematic at sites with heavier large particle loading, periodic digestive analysis should be
used to validate the XRF results.

5. Are metal oxides a significant source of interference in thermal-optical analysis (TOA) of PMy. 5 for
OC and EC given the large expected soil component? If so, how should this interference be
addressed?

The IMPROVE program should have some insight into this.

Network Design

1. Are sites with high PMy, and low PM, s good candidate sites for PMy., 5 Speciation? Given that there
will be some urban and rural NCore monitoring sites with PMyq., 5 Speciation, what other factors
should be considered in selecting the pilot monitoring and long-term sites or locations?

Yes, but these sites may not adequately challenge the sampling methodology. The sites for the pilot
should be chosen to represent a range of the components of PMc, not just the range of the concentration
of PMc. NCore sites are situated to represent large areas and generally will not have significant
contributions from known sources of larger particles.

There are no standards for components of PMc or for mass of PMc so the pilot as well as the initial longer
term deployment should be situated to help ascertain the highest concentrations of likely PMc compounds
associated with health effects. This strategy will help demonstrate the adequacy of the method as well as
assist health researchers by providing data that is most likely to be relevant for their work.

2. If there is an opportunity to modify the NCore PMyq.» 5 Speciation monitoring requirements during a
future rulemaking, should changes to the network design be considered? For example, changing the
total number of required monitors and/or the required locations?

It is more appropriate to tailor the PMc speciation program to the species which are prevalent and likely
to be related to health effects in specific regions of the country. In North-Eastern cities for instance, PMc
OCI/EC are likely to be much more important than PMc elements. In western cities, soil and nitrate are
likely to more relevant. Health researchers are continually stressing a preference for daily data
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Dr. Philip K. Hopke

PM .o 5 Speciation Measurement

3. Table 1 provides a list of proposed PM;q., 5 Species and analysis methods. Are there additional
PMyo.o 5 target species or methods that can be used to help identify the source of unidentified mass in
order to obtain better mass closure?

Part of the issue here is what sampling method is to be used. Is there really sufficient precision to be able
to use the difference method which unfortunately is still being put forth as the standard approach?

4. Various sampling devices, including dichotomous samplers, MetOne SASS speciation monitors,
PMy, and PM, s FRMs are potential sampling devices (with the appropriate filter types) for PMyg.25
speciation. Among these sampler types, which should be included or excluded from the pilot network
design? Are there other sampling devices not listed here that should be considered?

I strongly recommend against using the difference method. There is the potential for substantial
interactions between the fine and coarse particles on the PM10 filter. For example, fine NHANO3 can
dissociate to produce HNO3 that would react with alkaline coarse particles. This could produce an
overestimate of coarse NO3.

Dichotomous samplers complicate the analyses by putting about 10% of the fine particle mass onto the
coarse particle filter.

It probably makes more sense to develop an impactor system to collect specific coarse particle samples
where there would be little supercoarse or fine particle contamination. Such an impactor would have two
stages. The first would have as sharp as possible PM10 cut and the second would have a sharp PM2.5 cut.
The PM2.5 stage would be the one to be analyzed.

5. What are the PMyg.,5 speciation sampling artifacts that may be encountered using the samplers
mentioned above and how should they be addressed? Is speciation by the difference method
problematic for PMyq., 5 speciation and if so what specific issues make it problematic?

See above. One question is whether low volume systems provide sufficiently large samples for all of the
analyses envisioned. Clarkson is involved in an EPA CRADA to test a high volume (400 LPM)
dichotomous sampler that would provide greater mass for chemical characterization. However, it is still a
virtual impaction system that would still intermix some fine particles into the coarse particle sample.

6. The current and most widely used PM, s speciation sampler is the MetOne SASS and it has a flow
rate of 6.7 Liters per minute (Lpm) which is significantly lower than either the FRM for PMyg., 5 mass
or the dichotomous sampler (16.7 Lpm). If this sampler was configured for PMy,., 5 by difference,
would the 6.7 Lpm flow rate be problematic, especially with the need to compare reconstructed mass
to the mass collected by the PMyg.,5 FRM?

This is why they should develop a reasonable flow, simple impactor system to collect PM10-2.5. It
should be relatively easy to design and build such a system. It should have been done rather than spending
all of the money that has been spent on trying to justify the inherently flawed difference method and the
problematic dichotomous sampler.
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7. Is the amount of particle mass collected on the dichotomous filters (especially the minor flow)
sufficient for speciation chemical analysis?

Probably not.

PM.25 Species or Components

8. Table 1 provides a list of proposed PMyq., 5 Species and analysis methods. Among these species,
which are most important? Are there important PMyg., 5 Species or components missing from this list?
Are there important analysis methods missing from this list?

We know a lot less about the coarse fraction and what are critical species particularly for primary
biological species that are going to be more prevalent in coarse fraction samples compared to fine particle
samples. Is there sufficient resources available to perform CCSEM on enough filters for enough particles
to provide statistically valid numbers of particles to adequate quantify the particle types. Are they
envisioning automated analysis of the data? Will they collect secondary electron images as well as
backscatter images and x-ray spectra? One can envision automated image analysis software that could
sort the particles into various major categories, but there is no discussion of how the analyses are to be
conducted. Manual SEM and review of images will not be sufficient to provide support to a national
network of samplers.

9. In the consideration of potential ion measurements for PMyg., 5 species, what ions should be on
the target list? Are nitrate or ammonium ions important? If so, is an acid gas denuder and nylon filter
required for the proper collection of these species in PMi.,5?

Nitrate is important for the coarse sample as well as fine although the coarse particle nitrate is generally
present because of the reaction of gaseous HNO3 with the alkaline coarse particles. This problem also
supports the need for using devices that separate coarse and fine fractions and not using the difference
method.

10. The 2004 CD included a list of important PMyo., 5 components which included biological
materials and fly ashes. If these species are important to characterize, what specific types of
biological materials and fly ashes should be included? Is scanning electron microscopy (SEM) on
Teflon filters sufficient to quantify and identify these species? Is the proposed total protein assay
technique important to obtain a quantitative indicator of the total biological material present?

See answer to 1 above. Normally Teflon is not an ideal surface for CCSEM. It can be adequate for
manual SEM analysis, but it is not possible to have enough people on enough microscopes to do enough
particles on enough filters to be meaningful. Much of the biological species would be more
carbohydrates than protein so it is not clear that a total protein assay would suffice to provide an index of
total biological material. It may be more useful to look at specific species such as endotoxin or specific
aeroallergens. There are now easy to use kits at reasonable prices to perform ELIZA analyses. It is likely
that additional species tests could be developed for other identified allergens.

11. Can the complication of particle size and absorption effects in XRF be resolved using absorption
correction factors? If not, what other method(s) should be considered?

Again, this depends critically on what is collected. If you are still using the difference method, then it

makes the XRF analysis much more difficult than if there is a narrower range of particle sizes in just a
coarse particle sample.
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12. Are metal oxides a significant source of interference in thermal-optical analysis (TOA) of PMyg25
for OC and EC given the large expected soil component? If so, how should this interference be
addressed?

I am not sure that we really know enough to be able to develop quantitative relationships between
transition metal oxides and changes in relative OC/EC values. There is evidence for influence but not
clear relationships and it certainly will also depend on the nature of the carbonaceous material as well as
the nature of the oxides.

Network Design

13. Are sites with high PMy, and low PM, s good candidate sites for PMyq., 5 speciation? Given that
there will be some urban and rural NCore monitoring sites with PM., 5 speciation, what other
factors should be considered in selecting the pilot monitoring and long-term sites or locations?

Are we picking sites based on a criterion like this rather than on a good exposure science basis? Do we
want PM coarse samples for the sake of having a clean sample or are we sampling because there are
exposure, source identification, or transport issue to be solved? This question is very strange.

14. If there is an opportunity to modify the NCore PMy4.25 Speciation monitoring requirements during
a future rulemaking, should changes to the network design be considered? For example, changing the
total number of required monitors and/or the required locations?

Of course. At this point, when we have very limited knowledge of PM coarse, we are clearly going to
make judgment calls that subsequent data will almost certainly tell us that some of our choices were
wrong. We must always maintain flexibility in the network design. That was part of the NCore
philosophy.
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Dr. Kazuhiko Ito

PMo.25 Speciation Measurement

1. Table 1provides a list of proposed PMy.» 5 species and analysis methods. Are there additional
PMyo.25 target species or methods that can be used to help identify the source of unidentified mass in
order to obtain better mass closure?

Some of the non-exhaust traffic-related PM components may be either present in the coarse mode or
attached to the surface of coarse particles. A recent review (Thorpe and Harrison, 2008) suggests that Cu
and Sh may reliable tracers of the presence of brake wear particles in the urban environment. Schauer et
al.’s study (2006) also showed the presence of Zn, Mn, Cu, Cr, V, Sr, Mo, and Sb in brake and tire wears.

2. Various sampling devices, including dichotomous samplers, MetOne SASS speciation monitors, PMy,
and PM,s FRMs are potential sampling devices (with the appropriate filter types) for PMyg.5
speciation. Among these sampler types, which should be included or excluded from the pilot network
design? Are there other sampling devices not listed here that should be considered?

No comment for now.

3. What are the PMy., 5 Speciation sampling artifacts that may be encountered using the samplers
mentioned above and how should they be addressed? Is speciation by the difference method
problematic for PMyg., 5 speciation and if so what specific issues make it problematic?

No comment on the first part of question. Regarding the second part, the relative quantity of some PM
components in the two size fractions, depending on their detection limit, may be “problematic”. For the
coarse mass concentrations, | recall that the EPA showed that the difference method with low-flow
samplers did not result in negative values. For certain species whose levels are very low in the coarse
fraction, | imagine that the difference method may result in negative values. However, these negative
values (within the range of statistical fluctuations around zero) simply means low levels, and | am not too
concerned about them.

4. The current and most widely used PM, s speciation sampler is the MetOne SASS and it has a flow rate
of 6.7 Liters per minute (Lpm) which is significantly lower than either the FRM for PMy,., 5 mass or
the dichotomous sampler (16.7 Lpm). If this sampler was configured for PMy,.,5 by difference, would
the 6.7 Lpm flow rate be problematic, especially with the need to compare reconstructed mass to the
mass collected by the PMyg.,5 FRM?

I don’t know this area enough to answer this question.

5. Is the amount of particle mass collected on the dichotomous filters (especially the minor flow)
sufficient for speciation chemical analysis?

| don’t know the data enough to answer this question.
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PM .05 Species or Components

1. Table 1 provides a list of proposed PMy,., 5 species and analysis methods. Among these species,
which are most important? Are there important PMg., 5 Species or components missing from this list?
Are there important analysis methods missing from this list?

See my comment on Question 1 of PMyg.,5 Speciation Measurement section. In addition to the non-

exhaust traffic species, we should also be concerned about other species that may be deposited on the

surface of the coarse particles that are not of crustal origins. 1 may be wrong, but with XRF, don’t we get
all the species with not much more cost than that for just measuring those on Table 1? Why are we
restricted to the mostly crustal materials? It is possible that minute amount of what’s deposited on the

surface may be more toxic than the mass of the crustal material. Also, some of the elements on Table 1

have either generally bad signal-to-noise ratio (e.g., P, Mg, Cr) or poor spatial correlation (e.g., Cr, Mg),

so it would be difficult for these species to be “important.”

2. In the consideration of potential ion measurements for PMyq., 5 Species, what ions should be on the
target list? Are nitrate or ammonium ions important? If so, is an acid gas denuder and nylon filter
required for the proper collection of these species in PMig.,5?

We don’t know enough about possible effects of these species when they are on the surface of coarse
particles to judge if they are important or not, | think.

3. The 2004 CD included a list of important PMy4.,5 components which included biological materials
and fly ashes. If these species are important to characterize, what specific types of biological
materials and fly ashes should be included? Is scanning electron microscopy (SEM) on Teflon filters
sufficient to quantify and identify these species? Is the proposed total protein assay technique
important to obtain a quantitative indicator of the total biological material present?

I don’t know this area enough to answer this question.

4. Can the complication of particle size and absorption effects in XRF be resolved using absorption
correction factors? If not, what other method(s) should be considered?

I don’t know this area enough to answer this question.

5. Are metal oxides a significant source of interference in thermal-optical analysis (TOA) of PMy. 5 for
OC and EC given the large expected soil component? If so, how should this interference be
addressed?

I don’t know this area enough to answer this question.

Network Design

1. Are sites with high PMy, and low PM, s good candidate sites for PMy., 5 Speciation? Given that there
will be some urban and rural NCore monitoring sites with PMyq., 5 Speciation, what other factors
should be considered in selecting the pilot monitoring and long-term sites or locations?

I would be most concerned about the spatial variation of coarse species, which would be more variable
than that for fine mass species. The “spatial representation” of a coarse particle monitor may be different
depending on the coarse constituents of concern in that locale. Therefore, | would recommend pilot
monitoring in several different regions to uncover potential issues.
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2. If there is an opportunity to modify the NCore PMy, » 5 speciation monitoring requirements during a
future rulemaking, should changes to the network design be considered? For example, changing the
total number of required monitors and/or the required locations?

As far as | can tell, there are not many studies (aside from those mentioned in the white paper) that
examined spatial variation of coarse PM constituents using many multiple sites in different regions. It is
not coarse particles, but the NYC Dept of Health and Queens College is currently conducting multi-site
(up to 150 sites, not all simultaneously but with a continuosly operating reference site) within NYC to
monitor spatial variation of air pollutants including PM2.5 chemical species. Such results may be useful
input for possible future revisions of location design.
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Dr. Thomas Lumley

PM .05 Species or Components

1. Table 1 provides a list of proposed PMy,., 5 species and analysis methods. Among these species,
which are most important? Are there important PMy., 5 species or components missing from this list?
Are there important analysis methods missing from this list?

Distinguishing burning biomass (wood or grass) from other carbon sources with levoglucosan may be
useful and relatively inexpensive.

2. In the consideration of potential ion measurements for PMq., 5 Species, what ions should be on the
target list? Are nitrate or ammonium ions important? If so, is an acid gas denuder and nylon filter
required for the proper collection of these species in PMyg.55?

Not my field.

3. The 2004 CD included a list of important PMy4.,5 components which included biological materials
and fly ashes. If these species are important to characterize, what specific types of biological
materials and fly ashes should be included? Is scanning electron microscopy (SEM) on Teflon filters
sufficient to quantify and identify these species? Is the proposed total protein assay technique
important to obtain a quantitative indicator of the total biological material present?

In areas where wood is used for heating, wood smoke is important to distinguish as there are
straightforward ways to reduce emission. Specific allergenic pollen sources may be important when
studying health effects of the coarse fraction.

4. Can the complication of particle size and absorption effects in XRF be resolved using absorption
correction factors? If not, what other method(s) should be considered?

Not my field

5. Are metal oxides a significant source of interference in thermal-optical analysis (TOA) of PMy,., 5 for
OC and EC given the large expected soil component? If so, how should this interference be
addressed?

Not my field

Network Design

1. Are sites with high PMy and low PM, s good candidate sites for PMyo.» 5 Speciation? Given that there
will be some urban and rural NCore monitoring sites with PMy,., 5 Speciation, what other factors
should be considered in selecting the pilot monitoring and long-term sites or locations?

Speciation will be relatively straightforward, especially by the difference method, in sites with high PM10
and low PM2.5. The sources and species contributing to the coarse fraction may well be different in sites
with high PM10 and low PM2.5. If so, it would be important to also carry out speciation at other sites. It
is entirely conceivable that most of the health impact of coarse PM occurs at sites with moderate
coarse:fine ratios rather than at sites with high peak concentrations of wind-blown soil. The sites should
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be chosen to capture the range of types of coarse PM exposure in the population.

2. If there is an opportunity to modify the NCore PM,., 5 Speciation monitoring requirements during a
future rulemaking, should changes to the network design be considered? For example, changing the
total number of required monitors and/or the required locations?

It would be useful to add sites whose coarse-fraction composition is likely to be different from those
already in the network, especially if large numbers of people may be exposed. While it is true that local
sources have a larger contribution to coarse PM than fine PM, some of the highest levels of soil-based
coarse PM will affect fairly large areas (not necessarily at the same time). Expanding the network is most
useful when it captures qualitatively under-represented types of coarse PM. More monitoring in
populated areas California and the Southwest is likely to be useful for understanding the health effects of
coarse PM. Monitoring in areas with low population density may be informative about sources but is
unlikely to be useful for studying health effects.
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Dr. Peter H. McMurry

PMo.25 Speciation Measurement

1. Table 1 provides a list of proposed PMy,.» 5 species and analysis methods. Are there additional PMy,.
25 target species or methods that can be used to help identify the source of unidentified mass in order
to obtain better mass closure?

I do not understand the rationale behind a focus specifically on the analysis fly ash particles by SEM.
Perhaps there is some background | am not aware of. It seems arbitrary to identify fly ask as the sole
target of SEM analyses. Similarly, particles originate from many types of sources. It seems odd to
identify only fly ash as a type of particle to be analyzed.

Biological material is a poorly understood category of particulate matter that is likely to be significant.
Matthias-Maser and coworkers (2000) reported that during a complete year of sampling in the Lake
Baikal region, “20% of the number concentration and almost 30% of the volume concentration .. were
biological, with no seasonal variation.” While the carbon content of biological material ought to be
detected by OC/EC analyses, it is important to identify the extent to which bioaerosols contribute to
particulate mass if this is indeed such a major source. Fuzzi et al. (1997) reported that “the concentration
of airborne bacteria and yeasts is enriched in foggy conditions up to two orders of magnitude compared to
clear air conditions, while concentration of moulds is not influenced by the presence of fog,” suggesting
that fog droplets act as culture media for biological particles. Mohler et al. (2007) report that biological
particles may play an important role in cloud formation. Given the potential significance of biological
particles in coarse particles, an effort should be made to quantify their contribution to mass. | am not
sufficiently knowledgeable to provide useful input regarding suitable analytical methods.

I think some thought ought to be given to the analysis of water soluble organic carbon (WSOC). WSOC is
believed to be secondary in origin and can contribute significantly to OC mass (Hennigan et al. 2008;
Stone et al. 2008). Recent work suggests that the emissions of biogenic precursors may be correlated with
secondary WSOCs (Carlton et al. 2007; Hennigan et al. 2008). Work of Turpin and coworkers shows that
cloud processing may an important source of SOA, as it is for sulfates. The extent to which SOA is water
soluble will play a role in determining their environmental effects.

2. Various sampling devices, including dichotomous samplers, MetOne SASS speciation monitors, PMy,
and PM,s FRMs are potential sampling devices (with the appropriate filter types) for PMyg.25
speciation. Among these sampler types, which should be included or excluded from the pilot network
design? Are there other sampling devices not listed here that should be considered?

I would not favor the use of indirect methods such as the GRIMM optical detector. The correlations
between GRIMM mass and gravimetric mass shown by Prof. Eatough in his remarks are extremely
impressive. However, assumptions about shape, density, and refractive index must be made to convert
optical signals to mass. In my experience, those aerosol properties vary with sampling time and location
and will inevitably introduce uncertainties.

I agree with Prof. Eatough’s comments that chemical interactions between fine and coarse particles could
affect speciation measurements. This argues against using the PM10-2.5 FRM as the speciation sampler.
However, it is also true that if such artifacts occur with the FRM mass sampler, then it would not be
possible to achieve closure on mass and reconstructed mass based on speciation measurements. Thus, the
ideal sampler could lead to “true mass” that might not agree with FRM mass. Speciation measurements
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carried out on FRM samples could, in principle, produce mass closure. Is “truth” or “agreement” better. |
am inclined to agree with Prof. Eatough: If a dichotomous sampler produces results that are more nearly
“true,” then that is a preferable sampler. | am not certain that it does, however.

3. What are the PMy., 5 Speciation sampling artifacts that may be encountered using the samplers
mentioned above and how should they be addressed? Is speciation by the difference method
problematic for PMyg.,5 speciation and if so what specific issues make it problematic?

Volatilization and chemical reactions due to interactions of basic and acidic particles; inaccurate
determination of the fraction of collected mass that is water.

4. The current and most widely used PM, s speciation sampler is the MetOne SASS and it has a flow rate
of 6.7 Liters per minute (Lpm) which is significantly lower than either the FRM for PMy,., 5 mass or
the dichotomous sampler (16.7 Lpm). If this sampler was configured for PM,q., 5 by difference, would
the 6.7 Lpm flow rate be problematic, especially with the need to compare reconstructed mass to the
mass collected by the PM;y.,5 FRM?

5. Is the amount of particle mass collected on the dichotomous filters (especially the minor flow)
sufficient for speciation chemical analysis?

If the sampling rate into the dichot is 16.7 Ipm, then the sampling rate for coarse particles would be the
same as for the FRM. The dichot would offer the advantage that coarse and fine particles are not
combined to the same extent as occurs on the FRM.

PMo.,5 Species or Components

1. Table 1 provides a list of proposed PMyq.» 5 species and analysis methods. Among these species,
which are most important? Are there important PMg., 5 Species or components missing from this list?
Are there important analysis methods missing from this list?

Missing: WSOC?
Questions:
-Specifying SEM for fly ash.
-Suitable analytical method for biological aerosols

2. In the consideration of potential ion measurements for PMyq., 5 Species, what ions should be on the
target list? Are nitrate or ammonium ions important? If so, is an acid gas denuder and nylon filter
required for the proper collection of these species in PMyg55?

Nitrate and ammonium are important. Thought should be given to organic ions as well as WSOC. | will
defer to others regarding the use of denuders (I recognize they would add complexity to the network). If
needed to obtain accurate results, they should be included.

3. The 2004 CD included a list of important PMyq., 5 components which included biological materials
and fly ashes. If these species are important to characterize, what specific types of biological
materials and fly ashes should be included? Is scanning electron microscopy (SEM) on Teflon filters
sufficient to quantify and identify these species? Is the proposed total protein assay technique
important to obtain a quantitative indicator of the total biological material present?
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The contribution of biological species to aerosol particles is a poorly understood of potentially significant
importance. | am not knowledgeable about analytical methods, so do not know if it is appropriate to
mandate their measurement at this time. If a method is available, it would be desirable to measure them.

I do not see a clear reason for separating out fly ash as a source category.

4. Can the complication of particle size and absorption effects in XRF be resolved using absorption
correction factors? If not, what other method(s) should be considered?

| defer.

5. Are metal oxides a significant source of interference in thermal-optical analysis (TOA) of PMy,. 5 for
OC and EC given the large expected soil component? If so, how should this interference be
addressed?

| defer.

Network Design

1. Are sites with high PMyo and low PM, 5 good candidate sites for PMyg.25 Speciation? Given that there
will be some urban and rural NCore monitoring sites with PMy.» 5 speciation, what other factors
should be considered in selecting the pilot monitoring and long-term sites or locations?

Variability in likely sources of biogenic aerosols
Relative humidity

-impact on WSOC production

-impact on soil dust resuspension

2. If there is an opportunity to modify the NCore PMy,.» 5 Speciation monitoring requirements during a
future rulemaking, should changes to the network design be considered? For example, changing the
total number of required monitors and/or the required locations?

| defer.
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Dr. Warren H. White

General comments

Since my subsequent comments will be lacking in enthusiasm for this proposal, | will start by
recognizing, and commending, the Agency’s early consultation with this committee and its plan to start
with a pilot study. An eventual network of 75 sites sampling at least one day in every three will represent
a huge commitment of resources that might otherwise be devoted to more time-resolved measurements, or
biochemical assays and other new approaches to sample characterization, or nuclei counters and other
instruments more responsive to ultra-fine particles. It is not obvious to me that one or more of these or
other less-straightforward extensions of current PM measurements might not yield a much bigger payoff
in terms of understanding which particles should be of greatest concern to regulators.

“Since EPA is requiring PMyq » 5 speciation monitoring primarily for scientific purposes...”

It’s not at all clear to me what those scientific purposes would be — source attribution? Assessment of
hazardous components as called for by the NRC (2004)? The methods under discussion, largely derived
from the existing PM, 5 speciation network, don’t seem very well adapted to either of these.

Source attribution: We have considerable experience with source attribution using speciated PM, s data.
That experience has taught us that it is hard to distinguish between different carbonaceous sources using
EC and OC from thermal-optical analysis, and that it is hard to distinguish between different sources of
dust using elemental analysis. But organic and crustal materials make up the bulk of PMq., 5 nearly
everywhere. So what can the proposed level of speciation do? It can distinguish smoke from dust, but
how often do local agencies encounter high PMyq., 5 that they can’t easily associate with obvious local and
regional sources of smoke or dust?

Hazard assessment: Its 2005 assessment of the epidemiological evidence lead EPA to “consideration of
thoracic coarse urban particulate matter (UPMyq_,5) as an indicator for a thoracic coarse particle standard
... qualified so as to include any ambient mix of PMy, »5 that is dominated by resuspended dust from
high-density traffic on paved roads and PM generated by industrial sources and construction sources, and
to exclude any ambient mix of PMyo 5 that is dominated by rural windblown dust and soils and PM
generated by agricultural and mining sources.” In other words, the Agency judged that there were critical
differences between a mix of resuspended dusts from paved roads, construction, and factories, on the one
hand, and resuspended dusts from agricultural and mining operations on the other. | think that it will be
very hard to apportion PMq., 5 Samples among these closely related fractions on the basis of bulk
composition, particularly if the analyses themselves are performed on separate samples of PMy, and
PM_s.

Reference

NRC (2004) Research Priorities for Airborne Particulate Matter IV: Continuing Research Progress.
National Academies Press, Washington.
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Dr. Barbara Zielinska

PMo.25 Speciation Measurement

1. Table 1 provides a list of proposed PMy,.» 5 species and analysis methods. Are there additional PMy,.
25 target species or methods that can be used to help identify the source of unidentified mass in order
to obtain better mass closure?

In my opinion, Table 1 is missing the speciation of organic compounds that are present in coarse particles.
Taking into account that organic carbon (OC) constitutes significant portion of PMyg.,5 mass, it is
essential to have a general understanding what species comprise this organic mass. Are these species
mostly of biogenic origin, biological material, or perhaps also anthropogenic? This knowledge may have
important health implications and so far is missing. Since the primary objective for PMyg, 5 speciation
data is to support further research in understanding their chemical composition and source, the importance
of the organic mass speciation should not be overlooked. This speciation should be attempted in some
selected NCORE sites that are representative of urban and rural settings. The EPA should not specify
target organic compounds to be quantified (as it has been done so far), but require the identification of as
many organics as possible to get some knowledge of the organic mass composition in different locations.

2. Various sampling devices, including dichotomous samplers, MetOne SASS speciation monitors, PMq
and PM,s FRMs are potential sampling devices (with the appropriate filter types) for PMyg.5
speciation. Among these sampler types, which should be included or excluded from the pilot network
design? Are there other sampling devices not listed here that should be considered?

PMy and PM, s FRM may not be appropriate for speciation of PM;q., 5, since when the fine and coarse
particles are mixed together, their composition can be potentially altered. Also, the determination of
chemical composition by a difference method is inherently less precise. Although volatility issues are
likely less important for PMyq.,5, they are important for PM, s, which may bias the results of the
difference method. Dichotomous sampler (or equivalent), which provides a separate PMyq., 5 fraction
seems to be more appropriate for chemical speciation.

3. What are the PMy., 5 Speciation sampling artifacts that may be encountered using the samplers
mentioned above and how should they be addressed? Is speciation by the difference method
problematic for PMyg, 5 speciation and if so what specific issues make it problematic?

See my answer to Question #2.

4. The current and most widely used PM, s speciation sampler is the MetOne SASS and it has a flow rate
of 6.7 Liters per minute (Lpm) which is significantly lower than either the FRM for PMy,.,5 mass or
the dichotomous sampler (16.7 Lpm). If this sampler was configured for PMyq., 5 by difference, would
the 6.7 Lpm flow rate be problematic, especially with the need to compare reconstructed mass to the
mass collected by the PMyg,5 FRM?

In my opinion, 6.7 Lpm is rather low for detailed chemical speciation. Although some species can be
measured by combining multiple filters and extracting them together (i.e. ions, organic species), mass,
OC/EC and elements by XRF have to be done using separate filters. Thus, it is necessary to collect
sufficient PMyq., 5 mass for these analyses.
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5. Is the amount of particle mass collected on the dichotomous filters (especially the minor flow)
sufficient for speciation chemical analysis?

Since the total mass collected in the minor flow channel is a function of the inlet flow, this should not be
a problem.
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6 February 2009

Comments by: Delbert J. Eatough

On: Consultation on Coarse Particle Speciation
General:

The speciation of coarse particles being undertaken by EPA as part of the revisions to the
Ambient Air Monitoring Regulations in connection with the EPA final rule to revise the NAAQS
for PM is a new undertaking for the agency. EPA is to be commended for the commitment to
speciation of the PM,, s (coarse) particle fraction of PM,,, even though a NAAQS for coarse
particles has not been set by the agency. I encourage the agency to not be limited to the thinking
of the past 30+ years with respect to monitoring and speciation of fine particles. The speciation
program for fine particles has been necessarily tied to the PM, ;. sampling FRM because of the
requirement to understand the speciation of PM, , as traditionally sampled by conventional filter
pack techniques, the basis of the standard. This has lead to a disparity between our understanding
of sampling of fine particles, the optimization of the understanding of components of fine particles
which are not well sampled by the FRM and any subsequent improvement in our understanding of
the etiology of health effects related to fine particles to the extent that the mass and composition
have been inaccurately measured by these techniques. A coarse particle standard does not yet
exist. The health effects which may be associated with exposure to coarse particles are not
currently well understood. Therefore, I recommend that EPA include some aspects of improved
PM monitoring methods in the coarse particle speciation program to allow for a better tie of all
components to any observed health effects.

While many components of coarse particles will be unaffected by the sampling protocols
used, this is not true for all components. Thus, inattention to sampling artifacts in the program
will bias the results towards those components which are not affected by the sampling method.
There are at least two areas where this may be very important.

In the review of these two areas in the material to follow, I have relied mainly on our past
work. I have done this because of the short time available to provide comments and my not
having immediately available references to related work by others. However, it should be
recognized that the effects noted below have been observed by several investigators.

Alteration of the Mass and Chemical Composition of Coarse Particles During Sampling by
Mixing Both Fine and Coarse Particles Together.

The origins of fine and coarse particles in the atmosphere are very different, and as a result
their compositions are very different (U.S. EPA 2004). Fine particles are dominated by primary
and secondary material associated with anthropogenic emissions. Ammonium sulfate, ammonium
nitrate, organic material and elemental carbon are major components of these fine particles. Ifthe
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aerosol is acidic, the concentrations of ammonium nitrate are low. In contrast, coarse particles
are dominated by crustal material, some biogenic material and materials formed from abrasive
action, e.g. tire debris, etc. Sulfate concentrations are generally very low. Nitrate can be present
in these fine particles, but is generally there are a result of the conversion of sea salt to sodium
nitrate by the reaction with nitric acid (e.g., Ellis et al., 1983).

NaCl(s) + HNO,,, -~ NaNO,(s) + Hcl(g)

When fine and coarse particles are collected together reactions can occur in the collected mixture
because of the introduction of dissimilar compositions. The best documented of these changes is

the loss of coarse particulate nitrate by reaction with acidic salts in the fine particles when the two
size fractions are mixed on the filter (e.g. Eatough and Ellis, 1983),

NaNO,(s) + HN,HSO,(s) ~NaHN,SO,(s) + HNO,(g)

and similar reactions. In addition, changes in coarse particulate organic material can be expected
to occur from reaction with fine particulate reactive species. The presence of these artifacts
suggests that coarse particulate mass and composition is best determined if the fine and coarse
particles are collected and analyzed separately. This argues for the use of a dicot sampler or
similar device.

Such sampling should be done at at least some of the NCORE sites.

Alteration of the Mass and Chemical Composition of Coarse Particles During Sampling by
the Loss of Semi-volatile Material During Sampling.

Exposure to fine particulate matter (PM, s, particles with an aerodynamic diameter less
than 2.5 pm) has been implicated as a contributor to adverse human health effects including
increases in cardiovascular and pulmonary disease which leads to elevated human mortality and
morbidity (Pope and Dockery, 2007). The role coarse particulate matter (PM,,, s) may play in
exacerbating health problems is not as well understood. PM, . in the atmosphere is not composed
of a single pollutant but consists of both stable and semi-volatile species. Stable species in the
atmosphere include trace metals (including toxic, crustal, and transition metals), black carbon
(BC), and sulfate. Semi-volatile material (SVM) exists in dynamic equilibrium between the gas
and particle phase and includes ammonium nitrate (Finlayson-Pitts and Pitts, 2004) and low
molecular weight organic species (e.g., SVM that exists in the atmosphere in the particle phase
can be lost from particles during sampling making it difficult to measure). The composition of
coarse particles may also include semi-volatile material, however this semi-volatile material is less
well understood in coarse particles.

Several integrated samplers have been developed which accurately determine both

nonvolatile material (NVM) and SVM concentrations (Eatough et al., 2003). These techniques
could be applied to the chemical characterization of coarse particles. Although these samplers can
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accurately speciate PM, ;, including SVM, there are several drawbacks. Integrated samplers are
very labor and cost intensive. Collection of filter media and in-lab analysis are time consuming
and cost intensive, resulting in data interpretation weeks and months from the time of collection.
The potential for sample contamination is increased with collection, transport, and laboratory
analysis. Furthermore, 1-h time resolved data is usually not possible with integrated samplers
which inhibit the ability to temporally resolve short term changes in pollution levels that often
occur in urban environments.

To overcome these problems, the development of real-time or near real-time instruments
has been attempted. One of the widely used semi-continuous PM, ; measurement techniques is
the Tapered-Element Oscillating Microbalance (TEOM, Patashnick et al., 1991) developed by
Rupprecht & Patashnick Co., Inc. The TEOM does not accurately determine total PM, ; mass
because the particle collection filter is heated to 30-50°C to remove particle bound water, which
also results in loss of SVM. The Rupprecht & Patashnick Filter Dynamic Measuring System
(FDMS, Meyer et al., 2002), and GRIMM monitors (Grimm and Eatough, 2009) have been
developed to measure total PM, ; mass, including SVM. The GRIMM monitor will measure both
PM, ; and PM,,, ;. A dicot based FDMS has now been release by Thermo which will also
measure both PM, s and PM,,, s Real-time instruments have several advantages including,
reliability, cost effectiveness, ease of sampling and reduction in labor requirements. One
prominent advantage of real-time instruments is the ability to temporally resolve short term
episodes of PM, . that occur in urban environments that may be relevant to human health effects.
One-hour averaged semi-continuous data has also been shown to increase the performance (i.e.,
reduce uncertainty) of source apportionment techniques to determine sources, both primary and
secondary, of urban PM (Grover and Eatough, 2008; Eatough et al., 2008a).

Both the FDMS TEOM and GRIMM Technologies Inc. (Model 1.180) optical particle
monitor have Nafion dryers at the inlet to remove particulate water. PM, ; measurements with
these two instruments were compared during the winter of 2007 in Lindon, Utah. The excellent
agreement between these two instruments (Figure ,1 from Hansen et al., 2009) suggest that both
measure particulate SVM in a similar manner.
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The above referenced studies indicate that PM, ; mass and components, including the
semi-volatile material can be reliably determined with technology currently available
commercially. The ablility of the GRIMM monitor to measure the coarse particle fraction and the
recent introduction of the dicot FDMS TEOM should allow similar comparisons to be made for
PMIO-ZAS'

A measure of the amount of semi-volatile material in both fine and coarse particles can
also be using the conventional TEOM (30 °C), FDMS TEOM and GRIMM monitor data. This is
illustrated by results obtained during the study in Lindon (Hansen et al., 2009). Concentrations of
PM, ; mass were made with a conventional TEOM, and FDMS TEOM and the GRIMM monitor.
PM,, was measured with a convention TEOM and the GRIMM monitor. The conventional
TEOM does not measure the semi-volatile material. The differences between the conventional
TEOM and either the FDMS TEOM or GRIMM monitor give the total semi-volatile material in
the particles (Grover et al., 2008b). The calculated PM, ; and PM,, SVM concentrations
obtained from the FDMS TEOM, GRIMM and conventional TEOM monitor data are compared
in Figure 3 (from Hansen et al., 2009). Included in Figure 3 are error bars indicated the estimated
uncertainty in the comparison. As indicated, the data tend to scatter around the slope equals one
line, with some of the points showing a bias towards higher SVM concentrations for the PM,,,.
The SVM material will be composed of semi-volatile ammonium nitrate and organic material.
These secondary components would be expected to be concentrated in the fine particles. Thus
the results shown in Figure 3 are consistent with these expectations based on atmospheric
formation processes. However, a small, but significant amount of semi-volatile material is present
in the coarse particles. Chemical analysis of 24-h integrated filter samples confirmed that little
nitrate was present in the coarse particles, suggesting the coarse particle semi-volatile material is
organic.

60 L]
2 & I @
a 0
[n) @ %ﬂ A
&0 | o %) o
7 of
- Lo i G
£ a - ¢ %% Gc"”&@' Figure 3. Comparison of the
=2 o Sﬁ% %ﬁg o calculated concentrations of
= o O %{" 5 E‘%JD PM, ; and PM,, semi-volatile
= 30 o S o material at Lindon UT, see
n.n o8 %Go text.
E 20 R
w
10
{l 1 1 1 1 1
0 10 20 30 40 50 60

SVM, PM, ., ug/m?

38



Comparisons such as those shown here should be obtained in the EPA monitoring
program to determine if semi-volatile material is important in coarse particles in a variety of urban
areas. This will in turn, indicate if conventional filter pack sampling can be expected to give an
accurate picture of total coarse particle mass and composition. If significant semi-volatile material
is identified in an Urban environment then semi-continuous monitors which will measure the
expected semi-volatile components (e.g. ion chromatographic monitors such as the URG AIM
and carbon analyzers such as the Sunset Dual Oven monitor which determine both nonvolatile and
semi-volatile carbonaceous material) can help elucidate the sources of the semi-volatile material.
This will help to close a hole in the chemical speciation of coarse particles from the start which
has never been adequately addressed in fine particle research in past EPA monitoring programs.

Responses to Charge Questions.
PMio-2.5 Speciation Measurement

1. Table 1 provides a list of proposed PM10-2.5 species and analysis methods. Are there
additional PM10-2.5 target species or methods that can be used to help identify the source of
unidentified mass in order to obtain better mass closure?

Because of the probable alteration of PM,, , s composition and mass when fine and coarse
particles are mixed during sampling (see above discussion), all analyses should be done on a
PM,,, s discrete sample and not inferred by a PM,, - PM, ; difference measurement.

A significant problem with the protocols given in Table 1. is that they provide for the
determination of species retained on a filter in an integrated sample only. As I have outlined
above, EPA should take advantage of the requirement to characterize coarse particles for better
health effect assessment by insuring that semi-volatile particulate matter which is not retained in
the particles is quantified. This could first involve the semi-continuous determination of total
semi-volatile material by comparison of PM,, ; mass using a conventional TEOM to measure
nonvolatile and either a FDMS TEOM or a GRIMM monitor to measure total mass. The
difference between the two is a measure of semi-volatile mass. The 24-h average of the 1-h
conventional TEOM data would be compared to the 24-h integrated filter measured mass. If
these comparison indicates significant sem-volatile material is present in an air shed, then the
composition of the semi-volatile material could be determined using monitors such as the URG
AIM (for nitrate) of the Sunset Dual Oven monitor (for semi-volatile organic material). For the
reasons outlined above, it is important that all these measurements be done on a PM,, 5 collected
sample and not determined by difference.

Fly Ash. We have done extensive work on the analysis of fly ash in collect PM (e.g. Eatough et
al., 2000). SEM analysis is only practicable on Polycarbonate filters. If the data are intended to
be use in source apportionment, a PM,, sample should be analyzed. We found it best to pre-treat
the sample with an acid wash and firing before analysis to optimize detection of the fly ash
particles.
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2. Various sampling devices, including dichotomous samplers, MetOne SASS speciation
monitors, PM10 and PM2.5 FRMs are potential sampling devices (with the appropriate filter
types) for PM10-2.5 speciation. Among these sampler types, which should be included or
excluded from the pilot network design? Are there other sampling devices not listed here that
should be considered?

For reason outlined in 1. and discussed in more detail above, chemical speciation should only be
done on a dichotomous sampler (or equivalent device to provide a discrete PM,, , s sample). This
would rule out the use of PM,, FRM samplers.

3. What are the PM10-2.5 speciation sampling artifacts that may be encountered using the
samplers mentioned above and how should they be addressed? Is speciation by the difference
method problematic for PM10-2.5 speciation and if so what specific issues make it problematic?

Speciation by the difference method is problematical. Details on artifacts and the approach which
should be taken in speciation are discussed in detail above.

4. The current and most widely used PM2.5 speciation sampler is the MetOne SASS and it has a
flow rate of 6.7 Liters per minute (Lpm) which is significantly lower than either the FRM for
PM10-2.5 mass or the dichotomous sampler (16.7 Lpm). If this sampler was configured for
PM10-2.5 by difference, would the 6.7 Lpm flow rate be problematic, especially with the need to
compare reconstructed mass to the mass collected by the PM10-2.5 FRM?

It has been my experience, based on extensive work with diffusion denuder samplers, that in a 24-
h sample the results obtained are largely independent of flow rate. This is because the kinetics for
changes which occur during sampling are generally of the order of 10s of minutes or shorter.
However, a difference method suffers the problems discussed above at any flow rate.

5. Is the amount of particle mass collected on the dichotomous filters (especially the minor flow)
sufficient for speciation chemical analysis?

Since the total mass collected in the minor flow is a function of the inlet flow and not the minor
flow, I would not think this would be a problem.

PM10-2.5 Species or Components

1. Table 1 provides a list of proposed PM10-2.5 species and analysis methods. Among these
species, which are most important? Are there important PM10-2.5 species or components missing
from this list? Are there important analysis methods missing from this list?

If your goal is characterization for source apportionment and health effect etiology applications,

none of the components should be eliminated. The importance of quantifying semi-volatile
material in coarse particles has been discussed in the previous section and in the introductory
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material.

2. In the consideration of potential ion measurements for PM10-2.5 species, what ions should be
on the target list? Are nitrate or ammonium ions important? If so, is an acid gas denuder and
nylon filter required for the proper collection of these species in PM10-2.5?

Nitrate is expected to be present mainly as the sodium salt. But knowing both nitrate and
ammonium ion would be valuable. If, as we suspect, ammonium nitrate is negligible in most
Urban areas in coarse particles, it would not seem worth the effort if you also include monitoring
for semi-volatile material with conventional TEOM and either FDMS TEOM or GRIMM
monitors as outlined above. This would highlight the possible presence of ammonium nitrate and
followup with an AIMS would verify the ammonium nitrate presence. If however, you do not
monitor for semi-volatile species, then using a denuder system for the coarse particle collection is
advised. Do you have any data on the transfer of coarse particles through an annular denuder?

3. The 2004 CD included a list of important PM10-2.5 components which included biological
materials and fly ashes. If these species are important to characterize, what specific types of
biological materials and fly ashes should be included? Is scanning electron microscopy (SEM) on
Teflon filters sufficient to quantify and identify these species? Is the proposed total protein assay
technique important to obtain a quantitative indicator of the total biological material present?

I have commented on fly ash above. I am not familiar with monitoring for biological materials.

4. Can the complication of particle size and absorption effects in XRF be resolved using
absorption correction factors? If not, what other method(s) should be considered?

I will leave this to those who know.

5. Are metal oxides a significant source of interference in thermal-optical analysis (TOA) of
PM10-2.5 for OC and EC given the large expected soil component? If so, how should this
interference be addressed?

This is certainly a potential interference but I do not know to what extent.

Network Design

1. Are sites with high PM10 and low PM2.5 good candidate sites for PM10-2.5 speciation? Given
that there will be some urban and rural NCore monitoring sites with PM10-2.5 speciation, what
other factors should be considered in selecting the pilot monitoring and long-term sites or

locations?

This question seems to imply the use of difference methods. I have outlined why this is not a
good idea above.
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2. If there is an opportunity to modify the NCore PM10-2.5 speciation monitoring requirements
during a future rule making, should changes to the network design be considered? For example,
changing the total number of required monitors and/or the required locations?

I think the routine inclusion of monitoring for semi-volatile species using the sem-continuous mass
monitors I have mentioned above would be a valuable addition. This would proved input on both
PM,,, s mass and components as well as give diurnal data which would be very helpful in
understanding the effects of changing meteorology, emissions and atmospheric chemistry on the
observed concentrations and composition.
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