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Executive Summary

The U.S. Environmental Protection Agency’s curigpéciation Trends Network (STN) covers most major
U.S. metropolitan areas and a wide range of paatieumatter (PM) constituents and gaseous co-pwoitat
However, using filter-based methods, most PM ctuestits are not measured daily and the lack of daily
quality data complicates epidemiologic analysesthaf potential adverse health effects of these PM
constituents.

Possible criteria for the identification of metrdipan areas with the greatest epidemiologic valoe f
enhanced monitoring are population, mean levels wadation of criteria air pollutants and PM
constituents, correlations among these pollutaats] the relationship of these correlations to the
coefficient of variation.

Using a review of air quality measurements fromSAN monitors for 2001-2005 as an illustration aéth
criteria, we selected metropolitan areas that hael appropriate population size, sufficient M
concentration levels, variability for most pollutanand appropriate correlations between pollutants

Once these criteria had been met, the geograptistibution of the selected cities was furtherrexzed.
Due to an over-representation on Northeasternscéi®d an under-respresentation of Western cities, t
final list was adjusted to include western sites

Thus, as an example the list of candidatemetrtzpolireas of greatest epidemiologic interest fbaaned
air quality monitoring area,:

Sacramento, CA
San Diego, CA
Atlanta, GA
Baltimore, MD
Boston, MA
Newark, NJ
Cleveland, OH
Pittsburgh, PA
Providence, RI
Salt Lake City, UT
Milwaukee, WI

Using the presented methodology daily monitoringtieé widest range of particulate matter (PM)

constituents and gaseous co-pollutants at theseatidms would be of great advantage for future
epidemiologic time series studies.
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Chapter 1
Introduction

Background

Epidemiologic studies of daily mortality and hosfi#ation
(time series studies) have previously demonstratkerse
human health effects of particulate matter (PM}hbo the
fine fraction (PMs) and in the coarse fraction (R4 .9,

and gaseous criteria air pollutants,
monoxide (CO), nitrogen dioxide (NI sulfur dioxide

(SG), and ozone (§ (United States Environmental

Protection Agency 2009c). Although the epidemioldgs
been supported by recent toxicological studies @thb

humans and animals, the identification of the djeci

etiologic agents responsible for the observed hezffects
remains a major uncertainty in the science undaglythe
current National Ambient Air Quality Standards (N@8&).
Furthermore, the specific constituents of PM vanyoag
the different major air pollution sources with ceqaences

including oarb

2003), PM ;s (Franklin et al. 2007), and ozone (Bell et al.
2005; Bell et al. 2004; Levy et al. 2005; Ito et 2005) as
well as with the effects of PM on hospital admissions
(Bell et al. 2006).

The various constituents of PM probably exert theiverse
effects through different modes of action and alifferent
time scales (National Research Council 2004). Liengt
exposures to spatial gradients, primarily driverrdxgional-
scale air pollutants, have been associated witliedsed
survival in well-defined cohorts (Puett et al. 2008den et
al. 2006) and decreases in city-specific life expecy
(Pope et al. 2009). Short-term exposures to tenhpora
gradients, driven by more local-scale air pollusaritave
been associated with increased hospitalizationnaadality
both at very prompt effects (Zanobetti and Schwaf9;

for control strategies (United States Environmental Bell et al. 2006; Franklin et al. 2008) and overreno

Protection Agency 2009c). The Environmental Prabect
Agency’s (EPA’s) Multi-Year Plan for Clean Air inded a
commitment to the investigation of multipollutangatth
effects (United States Environmental Protection mgye
2008b). The EPA's current Strategic Research AcH@n
for Air, Climate and Energy continues this commitrh&
the investigation of multipollutant health effects.

extended periods (Zanobetti et al. 2003). Usindobical
indicators of early adverse effects, investigattiave
recently reported very immediate adverse effectsardiac
and endothelial function (Schneider et al. 20083 an
delayed inflammatory effects (Mann et al. 2010).

The current air quality monitoring network coverosn
major U.S. metropolitan areas and a wide range Mf P

The evaluation of the health effects of specific PM constituents and gaseous co-pollutants. Howeveingus

constituents has been the focus of many
epidemiologic and clinical studies. Using singldlytant
models, several studies have observed associdi@ngen
various PM constituents and mortality (Mar et a00@,;
Burnett et al. 2000; Ostro et al. 2007). An alt¢iv@ato the
constituent-by-constituent approach is the conatitam of
major sources as characterized by multiple coresitss For
example, previous time-series analyses indicate tfidhe

recenflilter-based methods, most PM constituents are ureds

not daily, but only 1 in 3 days or 1 in 6 days. Thek of
daily monitoring of PM constituents complicates &im
series analyses (Franklin et al. 2008). At a 200BAE
workshop, epidemiologists raised the lack of daily
monitoring data as a major impediment to futuralistsi of

PM constituents and requested enhanced monitoring a
selected metropolitan areas (United States Envieorah

sources of PM, motor vehicle exhaust usually has th Protection Agency 2008a). Because monitoring resssir

strongest associations with all non-accidental
cardiovascular mortality (Mar et al. 2000; Laden att
2000; Janssen et al. 2002).

Time series studies have also shown that certaémutal
species significantly modify the association betw&dvh 5
and mortality (Franklin and Schwartz 2008), whilders
have examined the role of gaseous pollutants ssi¢h; as
either potential confounders or
exposures (Sarnat et al. 2001). The degree ofadpati
temporal variability can differ by pollutant, hagin
implications for epidemiologic research. Heterodggne

city-specific and seasonal-specific estimates haeen

demonstrated in P) (Peng et al. 2005; Dominici et al.

1

surrogates to ,PM

or are constrained, identifying the most importanatans for

daily monitoring is critical.

This report focuses on ambient air quality monitgriin
support of epidemiologic time series studies. ©the
longitudinal study designs, such as repeated dlinic
measures in a small closed cohort, have made sitiadta
contributions to our understanding of PM healtheetf$.
Some of the design criteria, such as populationthef
metropolitan area, are simply not relevant to #dedion of

a study location for a clinical panel, which is gelly
limited by the clinic location.



Design Criteria

To maximize the research potential,

Through the standard setting process, EPA has dyirea

the enhancegdetermined that air pollutant levels in excesshef ¢urrent

monitoring frequency should be conducted in rnajor NAAQS are hazardous to human health. Further stualie

metropolitan areas with short-term variations iitecia air
pollutants in the vicinity of the current NAAQS. Aability
to distinguish between various PM constituents ol
enhanced by independent variation in these cosstituas
characterized by low pair-wise correlations. Howevew
correlations between pairs of constituents may e tod a
variety of factors, including a lack of variatiorfi one or
both constituents.

The five criteria for the identification of metrdgan areas

levels far above the NAAQS cannot address issues of

uncertainty in the science underlying the curréahdards.
One such uncertainty in the city-to-city variation PM, 5
health effect estimates. Therefore, ambient comatohs
in the vicinity of the current standard provide moelevant
information. Ideally, the metropolitan areas idéeti for
daily speciation monitoring would experience a &ofjair
pollution levels at or below the current NAAQS.

In the vicinity of the current NAAQS, greater temalo

with the greatest epiderniok)gic value for enhancedvariation in the measured levels of criteria a.il'“lﬂants

monitoring frequency are:

1. Population of the metropolitan area (Chapter 4);
2. Mean levels of criteria air pollutants (Chagdgr

3. Variation in levels of criteria air pollutantsné
particulate matter constituents (Chapter 6);

4. Correlation among criteria air pollutants andipalate
matter constituents (Chapters 7 and 8); and

5. Relationship of correlations to the -coefficienf
variation (Chapter 9).

The population of the metropolitan area largelyed®ines
the daily number of clinical events, such as miytand
hospitalizations, and thus the statistical powerdadect
potential adverse health effects of air pollutaatsreflected
in the confidence intervals around their effectineates.
Small cities with relatively few daily events wilave more
uncertainty for their city-specific effect estimatand less
statistical power to detect potential adverse hesfiects of
air pollutants. Metropolitan areas of more than ,000
people with an average of more than three clingsants
per day will have smaller confidence intervals andre
power to detect potential adverse effects. Sinatistital
power increases only as the square root of samipé s
further increases in population provide much
improvement in the confidence intervals. Geograghjic
extensive metropolitan areas of more than 1,000p@@ple

may also enter the summary analysis of effects sacro

multiple areas with extreme influence and may Iss leell
characterized by a single, central-site monitoruslhthe
most populated metropolitan areas are not necbsshe
most critical areas for daily speciation monitoring

enhance the statistical power to detect potentiderse
health effects of criteria air pollutants and PMstituents.
Metropolitan areas with greater variation will beonm
informative than areas with little variation in aieiht
concentrations.

Since recent and future epidemiologic and clingtaldies
are focused on resolving the relative independadtjaint
effects of PM constituents and co-pollutants in
multipollutant context, the ability to detect paiahadverse
health effects will be enhanced by low correlatiamsong
the various pollutants. Observational studies canesnlve
the independent effects of highly correlated aillupants.
So, low correlations among criteria air pollutaatsd PM
constituents are an important factor in the idéatfon of
metropolitan areas for daily speciation monitoring.

However, a low correlation between a pair of aillytants
(criteria 4) may also indicate a lack of temporatiability
in one or both pollutants (criteria 3). So, a firaiterion
concerns the relationship pair-wise correlations aif
pollutants to the temporal variation in each palhit The
ideal city for daily speciation monitoring would \eboth
low pair-wise correlations and high temporal vaoiatin air
pollutants.

less This report analyzes existing air quality monitgridata

from a selection of major U.S. metropolitan areastifiese
five major criteria with the goal of identifying faw areas
for daily speciation monitoring from these metratzol
areas. This report also examined the spatial amgpdeal
patterns of selected air pollutants as a guide he t
interpretation of results from recent and future
epidemiologic and clinical studies.



Chapter 2
Methods

chosen for such as future epidemiologic study midfgrd
slightly depending on the STN monitoring area anedly

Creation of Database

Ambient concentrations of the criteria pollutantse a
measured at more than 4,000 air quality monitositagions
operated by state, local, and tribal environmeag#ncies All of the STN monitors were collocated with
and compiled by the EPA’s Aerometric Information measurements of total BM mass. Where available,
Retrieval Service (AIRS) Database (United Statesmeasurements of Piand the gaseous co-pollutants were
Environmental Protection Agency 2009b). Since 2a0#, obtained from collocated monitors, otherwise thextne
EPA’'s Speciation Trends Network (STN) has beennearest non-STN monitor was used (Table 2-1). For
measuring fine particle components at 174 sites: 54comparability with the 24-hour filter-based measueets
permanent sites intended to Capture |0ng-term Fert of PM Constituents, hOUrIy measurements of gaseous
120 additional locations identified as “suppleménta Pollutants (CO, N@ Os;, and SQ) were combined into 24-

speciation.”

hour averages.

These STN monitors are a subset of the ChemicaMeteorologic data were generally obtained from ozi

Speciation Network (CSN) that also includes Statel a
Local Monitoring Stations (SLAMS). As of January 1
2011, the National Core (NCore) Multipollutant Mtaring
Network became operational consisting of 80 sitg3;
urban sites and 17 rural sites. NCore integrate®rae

Weather Service stations, except in two cases wheles.
Air Force weather station was much closer thamgerest
National Weather Service Station. Data from mositor
located more than 20 miles (32 kilometers) from SN
monitors were excluded from this analysis. Sitenidiers

advanced measurement systems for particles, polluta for the monitors used in this report are provided i
gases and meteorology. Most of the STN monitors (26 Appendix A, Table A-1.

described in this report have been included as qfathe
NCore network design. For an additional 16 STMssithe
additional platform requirements of NCore necessitaa
shift of the monitor location within the same counOnly
7 STN monitors were not included in the NCore nekwo

For this analysis, the focus is on metropolitanaarwith
STN monitors during 2062005. Four monitors that were
not operational for the entire 2001-2005 time kreere

The precise locations of these selected STN manit@re
verified using aerial photography and are availaddea
keyhole markup language (kml) file (United States
Environmental Protection Agency 2010).

The definitions for the 49 multi-county metropofitareas
in this report are based on the Core-Based Statishreas
(CBSA) of the White House Office of Management and

excluded: New Haven County, CT (New Haven); Monroe Budget (Appendix A). While the division of metrofiah

County, NY (Rochester); Henrico County, VA (Richndgn
and Kanawha County, WV (Charleston). Monitors ledat

areas across multiple county-level jurisdictionslasgely
unrelated to air quality considerations, the seafieg of

in Cass County, ND (background site) and Guaynabothe population into urban core and suburban ringstone

County, Puerto Rico (outside the continental Unistdtes)
were also excluded. Following common practice, utzan
speciation site in Washington, DC that is part bé t
EPA/National Park Service Visibility (IMPROVE) progm
was included as an STN-equivalent monitor. Th@sSZN
monitors (or STN-equivalent) were included in this
analysis.

The 49 STN monitors selected for this analysis vibose
that had data from 2001-2005. The purpose of #pent is
to illustrate the selection criteria. The metrotasii areas

metropolitan areas may introduce an air quality
relationship. Sacrificing precision to readabiligBSAs in
this report will be referenced by the name of Hrgést city

in the CBSA (shortened name underlined in Apperflix
Table A-2).

Mortality data for 2001 through 2005 at the coulgyel
was obtained from the National Center for HealtdtiStics
under a restricted data use agreement.



Table 2-1. Distance in Miles from the STN Monitort o the Nearest PM ;0 and Gaseous Monitor and to the Nearest Weather Sta  tion:
49 STN Monitors, 2001 =2005

Clty CcO NO, O3 SO, PMyo Weather
Birmingham, AL 1 >100° 3 7 -2 3
Phoenix, AZ - - - - - 7
Bakersfield, CA - - - 82° - 5
Fresno, CA - - - >100" - 3
Oxnard, CA - - - 22° - 8
Riverside, CA - - - - - 4
Sacramento, CA - - - - - 7
San Diego, CA 13 - - 13 - 3
San Jose, CA - - - 28° - 2
Denver, CO 1 1 1 1 - 6
Washington, DC 2 - - 4 4 5
Miami, FL <1 <1 5 13 - 5
Tampa, FL 6 15 15 9 14 6
Atlanta, GA - - - 8 7 8
Boise City, ID 1 >100°" 17 >100° 1 9
Chicago, IL 7 - - - 5 4
Indianapolis, IN 3 3 3 6 3 5
Baton Rouge, LA - - - - 3 5
Baltimore, MD - - - - - 8
Boston, MA - - - - - 4
Springfield, MA 6 - - 6 13 1
Detroit, Ml - 11 - 7 - 7
Minneapolis, MN 2 16 13 2 2 5
Gulfport, MS 68° 33° - 31° 31° 1
Kansas City, MO - - - - - 2
St Louis, MO - 3 - 2 - 10
Missoula, MT 2 >100" >100" >100" - 6
Omaha, NE 4 >100" 3 4 - 5
Reno, NV - - - >100° - 3
Rockingham, NH 36" - - - - 3
Edison, NJ - - - - - 0
Newark, NJ 2 - 5 - - 3
New York, NY - - - - 11 3
Charlotte, NC - - - - 2 9
Cleveland, OH 5 - 5 - - 10
Tulsa, OK 4 - - 4 4 5
Portland, OR 6 6 6 >100" - 6
Philadelphia, PA 6
Pittsburgh, PA 5 - - 3 2 7
Providence, RI 1 4 4 1 - 6
Charleston, SC <1 6 14 6 4 9
Memphis, TN 4 6 3 8 4 8
Dallas, TX - - - - 3 3
El Paso, TX - - - <1 - 5
Houston, TX - - - - - 9
Salt Lake City, UT - - - 6 - 6
Burlington, VT - - - - - 3
Seattle, WA - - - - - 8
Milwaukee, WI - - - - 3 8

Measurements that were collocated with STN monitor are indicated by a hyphen.
Monitors more than 20 miles (32 kilometers) from the STN monitor were excluded.



Data Analysis
A database of concentrations for 19 pMomponents,
PM, s mass, PN, CO, NQ, O;, and SQ was developed

For the maps with mean concentrations, the monitor-
specific mean concentrations are expressed by fitlars
representing the proportion of a fixed reference

based on data obtained from the EPA's Technologyconcentration. Aside from selenium where a sioglehad

Transfer Network’s Air Quality System Data Mart (téa
States Environmental Protection Agency 2009d). &hes

an extreme mean concentration (Pittsburgh, PA &t 6.
ng/n?), the reference concentration was fixed at arggrte

PM, s species were chosen based on their potential to b&alue slightly greater than the highest city-specif

markers for a particular source. $§&0, and Se can be
markers for coal combustion and Mn, Ni, and V can b
markers of residual oil fly ash (Kim and Hopke 2D08
Biomass combustion can consist of K, Br, Ca (Watsoal.
2001; Maykut et al. 2003). Mobile sources can Emiiied
by concentrations of Cu, Zn, NONH,;, EC, and OC as
well as CO and N@ (Maykut et al. 2003; Lough et al.
2005) Finally, Al, Fe, Si, and Ti are considered crustal
elements, and Na and Cl can be markers for seg spich
road salt (United States Environmental Protectigemrcy
2009b).

The mean and variability of the pollutants werecakdted
for each site during the 2062005 time period and
seasonally. The variability was
coefficient of variation, a dimensionless numbeattts a
normalized measure of dispersion, defined as the d
the standard deviation to the mean pollutant canagon.
The overall and seasonal spearman correlationseeetw
selected pollutants were also calculated.

represented by the

concentration.

For maps with correlations, the monitor-specificai?en
correlations (0-1) are expressed by filled barshwit
completely filled bar representing a perfect catieh.
Aside from winter ozone correlations with PMhat were
always negative for all STN monitors, all corredas with
PM, s or inter-correlations among PM constituents were
either positive or small, that is less than=R0.1.

For maps with coefficients of determination, thenibar-
specific coefficients (0-1) are expressed by fillbdrs
representing the proportion of the variation in godutant
explained by the variation in the other pollutant.

Limitations

Limitations of these data and analyses include oreasent
error and detection limits. In general sampling hoes
were improved after 2007 so future work may include
applying these criteria to data collected after 20t
addition sulfate, followed by crustal materials,shthe

Seasons were based on 3-month periods, with Degemb&mallest uncertainty associated with its measuremen

through February as winter season, March through &

among the components, while uncertainties for dogan

spring, June through August as summer, and Septembearbon, elemental carbon, and nitrate are larganit¢d

through November as fall.

For the site selection, epidemiologists are interksn
identifying cities with low bi-pollutant correlatis for each

of the two pollutants. However, the low correlasanay be
due to a low coefficient of variation for one ofeth
pollutants. Therefore interest was in cities thad How
correlations between pollutants that still had high
coefficients of variation for those pollutants. Egamine
these three dimensions, bubble plots were creatqulot
two pollutant coefficients of variations againsteaanother

States Environmental Protection Agency 1996). The
organic carbon data provided by the EPA are notbksla
corrected and thus have a positive bias due to lgagnp
artifacts. Blank concentrations were not availabiél 2003
so the organic carbon concentrations presentedhim t
analysis are not blank-corrected. The EPA did nolude a
method detection limit (MDL) with each PM species
concentration recorded until July 2003. Therefoad,
reported concentrations were included. Additionally
order to interpret these results, each pollutarg assigned
to only one source category ignoring the fact tlaat

with the areas of those circles proportional to the pollutant could be generated from multiple sourdest

correlations.  Although informative, the interptteda of
these numerous bubble plots was tedious and thetsegre
not presented in this report.

Interpretation of Figures

For all box plots, the shaded box provides therintartile
range with a solid line indicating the median, Weis
indicating the 18 and 98" percentiles, and dots indicating
outliers beyond the tenth and ninetieth percentiles

example, iron could reflect crustal componentsoaidr dust
re-suspended by vehicles, or particles generatathglu
combustion in engines (Gotschi et al. 2005). Sili¢pad
dust) and bromine can also represent traffic emissi
(Martuzevicius et al. 2004). To examine the potnti
overlap, the correlation within source categoriesisw
studied and the finding indicates that they diftere
depending on the city.



Chapter 3
Existing Speciation Trends Network (STN) Monitors, 2001-2005

Location of Current Monitors Number of Monitoring Days
The 49 selected Speciation Trends Network (STN)Not all air pollutants are measured daily so theam of
monitors are most densely located in the northeaste information on air quality varies by pollutant aletation.
metropolitan corridor from Washington, DC through By design, the filter-based samples for Monstituents at
Rockingham, NH and in California from San Diegootigh most STN sites were collected on a schedule oéetthin-
San Jose (Figure 3-1). In four cities (San Jose, TAnpa, 3 day, with 67 percent missing by design, or 1-id#y,
FL; Missoula, MT; and Portland, OR), the locatiohtloe with 83 percent missing by design (Table 3-1). Clentgby
STN monitors were shifted slightly sometime wittime (100%) missing data for a gaseous pollutant and,,PM
2001-2005 time period. indicates that the nearest alternative air quatipnitor was
more than 20 miles away. In addition, 17 STN shesl
measurements of {dnly during the warmer months, when
Os levels are the highest, resulting in higher petages of
missing values. Finally, the monitoring frequenmay
have changed during the study period. The purpse
Table 3-1 is to describe the information availafade this
report and not to thoroughly describe monitoriregfrency.
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Figure 3-1.  Map of selected Speciation Trends Netwo  rk (STN) monitor sites: 49 STN monitors, 2001  -2005.



Table 3-1.

Percent of Days with Missing Values: 49

STN Monitors, 2001 -2005

PM. s Species

PMays SO, NO; EC oC Other PMyg CO NO, SO, O3
Birmingham, AL 2 67 67 68 68 67 0 3 100 2 3
Phoenix, AZ 55 66 66 67 69 67 53 0 1 4 0
Bakersfield, CA 14 75 75 75 75 75 65 3 2 100 2
Fresno, CA 9 72 72 69 69 69 82 0 1 100 0
Oxnard, CA 69 87 87 87 87 87 83 1 2 100 1
Riverside, CA 8 71 71 71 71 71 68 1 2 3 2
Sacramento, CA 49 70 70 70 70 69 7 9 20 2 2
San Diego, CA 11 76 76 76 76 76 84 0 1 0 0
San Jose, CA 46 76 76 76 76 76 85 12 10 100 10
Denver, CO 65 74 74 74 74 74 3 2 11 1 1
Washington, DC 5 75 75 75 75 75 87 0 0 2 0
Miami, FL 11 74 74 74 74 74 84 2 5 9 3
Tampa, FL 5 68 68 68 68 68 20 1 2 1 0
Atlanta, GA 11 69 69 69 70 69 84 11 6 1 35
Boise City, ID 67 73 73 73 73 73 5 1 100 100 a7
Chicago, IL 69 22 17 19 19 73 84 0 20 60 60
Indianapolis, IN 26 73 73 73 73 73 84 1 8 18 50
Baton Rouge, LA 2 79 79 78 78 79 84 1 0 1 0
Baltimore, MD 7 76 76 76 76 76 53 0 2 1 17
Boston, MA 41 73 73 73 73 73 90 8 4 3 2
Springfield, MA 40 80 80 77 77 81 84 1 4 0 16
Detroit, Ml 11 69 69 70 70 69 84 3 9 7 51
Minneapolis, MN 46 73 73 73 73 73 90 1 1 2 27
Gulfport, MS 66 77 77 77 77 72 100 100 100 100 37
Kansas City, MO 68 76 76 77 77 77 90 5 3 3 0
St. Louis, MO 2 68 68 68 68 68 92 0 0 0 41
Missoula, MT 69 69 69 69 69 69 10 53 100 100 100
Omaha, NE 10 80 80 78 78 78 83 1 100 7 44
Reno, NV 66 70 70 70 70 70 84 0 20 100 0
Rockingham, NH 71 72 72 73 73 73 91 100 49 48 73
Edison, NJ 71 73 73 73 89 73 85 1 1 0 1
Newark, NJ 11 76 76 76 76 75 94 80 1 2 80
New York, NY 67 68 68 68 68 68 88 1 6 1 1
Charlotte, NC 8 73 73 73 73 73 85 2 2 2 42
Cleveland, OH 68 72 72 73 73 73 9 2 1 0 43
Tulsa, OK 36 70 70 70 70 70 84 2 16 1 1
Portland, OR 40 69 69 67 67 67 74 50 60 100 62
Philadelphia, PA 13 71 71 70 70 70 86 1 5 4 1
Pittsburgh, PA 4 71 71 72 73 72 4 5 0 1 1
Providence, RI 9 86 86 86 86 86 85 1 3 1 51
Charleston, SC 9 69 69 69 69 69 70 4 6 2 2
Memphis, TN 7 73 73 74 74 73 84 3 23 0 33
Dallas, TX 6 70 70 70 70 70 84 3 2 1 0
El Paso, TX 56 71 71 70 70 71 99 1 5 81 1
Houston, TX 4 71 71 71 84 71 85 2 5 3 2
Salt Lake City, UT 3 68 68 68 68 68 8 0 0 2 58
Burlington, VT 67 69 69 69 69 69 94 2 19 1 1
Seattle, WA 3 27 22 11 19 67 91 1 8 3 62
Milwaukee, WI 52 68 68 68 68 68 88 0 28 21 30




Chapter 4
Metropolitan Characteristics

Most previous observational studies of mortalityd an
hospitalization have examined daily counts of Healtents
aggregated across single or multiple counties.stagstical
power of such studies is determined, in part, leyaherage
number of daily events, and thus is proportionalttie
population of the study area. A study area withaadr
population will have greater statistical power amdnore
precise effect estimate.

For time-series models, the analytic choice betwaan
entire multi-county metropolitan area and the fngpunty
with the Speciation Trends Network (STN) monitor
involves several competing factors. Restricting dhalysis
to the STN-monitored county may improve the assessm
of population exposure by a single, central-siteqaiality
monitor, but the restriction may dramatically reeuthe
average number of daily deaths, decrease the ecd
the subsequent point estimate and alter the relatieight
of that metropolitan area in subsequent pooledyaral

Small numbers of daily deaths will have a majotistiaal
impact on any time-series analysis. The daily coohion-
accidental deaths are expected to follow a Poisson
distribution with the probabilities of discrete avecounts

(N) as a function of the average daily number cétde
(Figure 4-1). For an average daily deaths of ttmeenore
deaths per day, 80 percent or more of the days dvbal
expected to have two or more deaths. Converselyafo
mean of one or less death per day, at least 7®ipieof the
days would be expected to have a count of oneror ze

Since time-series models evaluate the impact ofingrair
quality on the day-to-day variation in mortalityhet
relatively modest contribution of air pollution tesk may

be difficult to determine in time-series with a hig
proportion of days with one or zero events. While n
decision rule can be formulated regarding a minimum
average number of events per day, the fitting efsgecific
temporal smoothing functions may be very probleengr
metropolitan areas with low populations and avedegths
per day, especially for specific causes of death.

Poisson Distribution of Mortality Counts
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Figure 4-1.  Probabilities of specified event counts

(N) as a function of average daily deaths for Pois

son distributed counts.



Population As expected, the monitored county within the CBSAsw
The population in 2000 (U.S. Census Bureau 2016pga  ©often much less populous than the CBSA as a witaridy
greatly across these 49 metropolitan areas (Figuge seven CBSAs with an STN monitor were comprised of a
Table 4-1). The two most populous Core Based $tatis single county. For most CBSAs, the monitored county
Areas (CBSAs), New York City, NY (11,298,122) and comprised less than two-thirds of the CBSA popatati
Chicago, IL (7,628,496), were not included in tigufe so ~ The population of the monitored county comprisess lihan
that the lower portion of the distribution would beore 20 percent of the entire CBSA for five metropolitareas:
legible. While most of the CBSAs with STN monitdrad ~ Washington, DC (District of Columbia with 15%); Atita,
populations of more than 750,000, populations ke ~ GA (Fulton County with 19%); Kansas City, MO-KS
250,000 were present for three metropolitan areasWyandotte County with 9%); St. Louis, MO-IL (Stouis
(Gulfport, MS; Missoula, MT; and Burlington, VT) drfor ~ City with 13%); and New York, NY (Bronx Borough Wit
the monitored county of one additional metropolitmea 12%).

(Kansas City, MO-KS).
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Figure 4-2.  Population on April 1, 2000 of Core Bas ed Statistical Areas (CBSA) with an STN monitor and the percentage of the
CBSA population in the monitor county: 49 STN monit  ors, 2001 -2005 (presented data excludes New York City and
Chicago).



Table 4-1. Population on April 1, 2000 of Core Base

CBSA

d Statistical Areas (CBSA) with an STN Monitor: 49

2000 Population Monitor County

STN Monitors, 2001 -2005

2000 Population

Birmingham-Hoover, AL
Phoenix-Mesa-Scottsdale, AZ

Bakersfield, CA

Fresno-Madera, CA

Oxnard-Thousand Oaks-Ventura, CA
Riverside-San Bernardino-Ontario, CA
Sacramento-Arden-Arcade-Roseville, CA
San Diego-Carlsbad-San Marcos, CA

San Jose-Sunnyvale-Santa Clara, CA
Denver-Aurora, CO
Washington-Arlington-Alexandria, DC-VA-MD-WV
Miami-Miami Beach-Kendall, FL
Tampa-St. Petersburg-Clearwater, FL
Atlanta-Sandy Springs-Marietta, GA

Boise City-Boise City, ID
Chicago-Naperville-Joliet, 1L
Indianapolis-Carmel, IN

Baton Rouge, LA

Baltimore-Towson, MD

Boston-Quincy, MA - Metropolitan Division
Springfield, MA

Detroit-Livonia-Dearborn, Ml
Minneapolis-St. Paul-Bloomington, MN-WI
Gulfport-Biloxi-Pascagoula, MS

Kansas City, MO-KS

St. Louis, MO-IL

Missoula, MT

Omaha-Council Bluffs, NE-IA
Reno-Sparks, NV

Rockingham-Strafford, NH Division
Edison-New Brunswick, NJ Division
Newark-Union, NJ-PA Division

New York-White Plains-Wayne, NY-NJ Division
Charlotte-Gastonia-Concord, NC-SC
Cleveland-Elyria-Mentor, OH

Tulsa, OK

Portland-Vancouver-Beaverton, OR-WA
Philadelphia-Camden-Wilmington, PA-NJ-DE-MD
Pittsburgh, PA

Providence-New Bedford-Fall River, RI-MA
Charleston-North Charleston-Summerville, SC
Memphis, TN-MS-AR

Dallas-Plano-Irving, TX

El Paso, TX

Houston-Sugar Land-Baytown, TX

Salt Lake City, UT

Burlington-South Burlington, VT
Seattle-Tacoma-Bellevue, WA
Milwaukee-Wauksha-West Allis, WI

1,051,300 Jefferson, AL
3,251,888 Maricopa, AZ
661,649 Kern, CA
921,930 Fresno, CA
753,186 Ventura, CA
3,254,817 Riverside, CA
1,796,852 Sacramento, CA
2,813,834 San Diego, CA
1,735,818 Santa Clara, CA
2,179,343 Denver, CO
3,727,452 District of Columbia
2,253,786 Miami-Dade, DL
2,396,014 Hillsborough, FL
4,248,021 Fulton, GA
464,842 Ada, ID
7,628,496 Cook, IL
1,525,103 Marion, IN
705,962 East Baton Rouge, LA
2,553,022 Baltimore City, MD
1,812,937 Suffolk, MA
680,016 Hampden, MA
2,061,161 Wayne, Ml
2,968,812 Hennepin, MN
246,197 Harrison, MS
1,836,425 Wyandotte, KS
2,698,664 St. Louis City
95,799 Missoula, MT
767,144 Douglas, NE
342,885 Washoe, NV
389,595 Rockingham, NH
2,173,876 Middlesex, MD
2,097,523 Baltimore, MD
11,298,122 Bronx, NY
1,330,552 Mecklenburg, NC
2,148,017 Cuyahoga, OH
859,533 Tulsa, OK
1,927,883 Multnomah, OR
5,687,158 Philadelphia, PA
2,431,086 Alleghany, PA
1,582,997 Providence, RI
548,974 Charleston, SC
1,205,196 Shelby, TN
3,451,204 Dallas, TX
679,622 El Paso, TX
4,715,417 Harris, TX
968,883 Salt Lake, UT
198,892 Chittenden, VT
3,043,897 King, WA
1,490,743 Milwaukee, WI

662,062
3,072,168
661,649
798,821
753,186
1,545,374
1,223,497
2,813,834
1,682,584
553,691
572,055
2,253,786
998,943
815,827
300,906
5,376,837
860,457
412,854
651,154
689,809
456,226
2,061,161
1,116,037
189,606
157,882
348,189
95,799
463,585
339,486
277,357
749,167
792,313
1,332,652
913,639
1,393,848
563,302
660,486
1,517,542
1,281,665
621,595
310,099
897,472
2,218,792
679,622
3,400,590
898,412
146,572
1,737,047
940,165

10



Mortality

Across all age groups, the average daily countstdtal
non-accidental deaths were sufficient (great thanfos
time-series analyses across all of the CBSA witiNST
monitors (Figure 4-3). Only the CBSAs of MissoulMT
and Burlington, VT have average daily numbers délto

Many CBSAs have low average counts for age andecaus
subgroups, especially for respiratory deaths andthde
below age 75 vyears (Figure 4-3, Table 4-2). For
cardiovascular mortality, 36 of the CBSAs have ages of
more than one death per day in all three age groups
Conversely, for respiratory mortality, only the €4go, IL

non-accidental deaths for all ages of 1.7 and 3.3,2nd New York, NY CBSAs have averages of more then o

respectively. Both of these areas were selected foideath per day in all three age groups. For timeser
monitoring to provide measurements of fine particle Models of respiratory mortality, the estimation age-

characteristics far from local sources.

80

specific temporal functions for the baseline hazaal be
problematic for all but the two most populous CBSAg
to the very large proportion of days with only Oloevent.
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Table 4-2. Average Daily Deaths by Cause and Age Gr oups in CBSA with an STN Monitor: 49 STN Monitors, 2001-2005
All Non-Accidental Cardiovascular Respiratory
CBSA <65 65-74 75+ <65 65-74 75+ <65 65-74 75+
Birmingham, AL 7.0 5.1 14.8 21 1.7 6.3 0.3 0.5 1.5
Phoenix, AZ 14.1 10.8 36.3 3.6 35 155 0.8 1.2 4.2
Bakersfield, CA 3.1 2.3 6.5 0.9 0.8 33 0.2 0.3 0.9
Fresno, CA 4.0 2.8 9.2 1.0 1.0 4.6 0.2 0.3 11
Oxnard, CA 2.2 1.7 6.9 0.5 0.6 3.2 0.1 0.2 0.8
Riverside, CA 14.7 11.2 33.9 4.1 4.1 16.8 0.8 1.3 4.2
Sacramento, CA 8.1 6.1 20.7 21 2.0 9.6 0.4 0.7 2.7
San Diego, CA 10.4 8.0 31.0 25 2.7 14.3 0.4 0.8 35
San Jose, CA 4.8 3.6 13.2 11 11 6.1 0.2 0.3 1.6
Denver, CO 8.4 5.6 19.1 2.0 1.6 7.8 0.5 0.7 2.2
Washington, DC 16.1 9.4 275 4.3 3.2 11.8 0.5 0.6 25
Miami, FL 10.4 8.0 27.2 3.0 31 13.7 0.3 0.5 24
Tampa, FL 13.8 121 45.2 3.7 4.0 19.0 0.7 1.2 4.1
Atlanta, GA 211 12.0 33.2 6.1 4.1 13.8 0.9 1.2 3.3
Boise City, ID 17 13 51 0.4 0.4 2.0 0.1 0.1 0.6
Chicago, IL 35.3 24.7 83.3 10.7 8.4 37.3 1.4 1.8 8.0
Indianapolis, IN 7.6 5.8 17.7 21 18 7.5 0.5 0.6 21
Baton Rouge, LA 4.1 25 7.2 1.3 0.9 3.0 0.2 0.2 0.7
Baltimore, MD 14.8 10.0 31.9 4.2 33 13.8 0.7 0.8 3.3
Boston, MA 7.1 5.9 22.4 17 18 8.6 0.3 0.5 2.7
Springfield, MA 3.0 2.4 10.2 0.8 0.8 4.0 0.2 0.2 1.1
Detroit, Ml 12.6 7.4 223 45 31 11.3 0.6 0.5 1.9
Minneapolis, MN 9.8 7.3 29.4 2.2 1.8 10.2 0.4 0.7 2.8
Gulfport, MS 2.3 19 4.4 0.8 0.7 21 0.1 0.2 0.4
Kansas City, MO 8.6 6.6 22.9 2.3 21 10.1 0.4 0.7 24
St. Louis, MO 13.7 11.2 38.2 4.2 3.9 175 0.7 1.0 4.0
Missoula, MT 0.3 0.3 11 0.1 0.1 0.4 0.0 0.0 0.2
Omaha, NE 3.3 2.8 8.6 0.9 0.8 3.6 0.2 0.3 11
Reno, NV 1.8 14 3.8 0.5 0.5 1.8 0.1 0.2 0.5
Rockingham, NH 1.1 1.0 35 0.3 0.3 15 0.0 0.1 0.3
Edison, NJ 7.7 7.6 30.3 2.0 2.4 13.9 0.3 0.6 2.6
Newark, NJ 9.3 6.4 22.9 2.3 21 10.3 0.3 0.4 2.0
New York, NY 49.9 34.9 120.5 14.1 14.4 67.9 2.2 24 115
Charlotte, NC 6.7 4.6 135 1.9 15 5.4 0.3 0.5 1.4
Cleveland, OH 10.8 9.2 33.8 3.4 33 15.7 0.4 0.6 2.8
Tulsa, OK 4.7 3.6 111 15 13 5.3 0.3 0.4 11
Portland, OR-WA 8.0 5.8 22.9 1.8 1.7 9.6 0.4 0.6 21
Philadelphia, PA 7.9 7.9 33.7 1.9 23 14.7 0.3 0.7 35
Pittsburgh, PA 12.0 121 47.8 3.6 4.1 21.1 0.5 1.0 4.6
Providence, RI 6.5 5.7 25.0 1.8 1.8 11.3 0.3 0.5 2.7
Charleston, SC 3.1 21 5.7 0.9 0.7 2.4 0.1 0.2 0.5
Memphis, TN 8.3 4.9 13.1 2.7 19 6.2 0.4 0.4 13
Dallas, TX 14.9 8.8 25.4 4.4 31 11.2 0.6 0.8 2.6
El Paso, TX 2.6 22 5.8 0.6 0.7 2.4 0.1 0.1 0.6
Houston, TX 23.2 13.8 35.9 6.6 4.9 16.2 0.9 1.1 3.2
Salt Lake City, UT 3.2 21 7.8 0.7 0.6 2.9 0.2 0.3 0.8
Burlington, VT 0.7 0.6 2.0 0.2 0.2 0.8 0.0 0.1 0.2
Seattle, WA 8.1 5.9 24.0 2.0 18 10.1 0.4 0.6 25
Milwaukee, WI 6.6 5.3 20.3 1.8 1.7 8.8 0.3 0.4 2.0
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Chapter 5
Mean Concentrations of Total PM Mass and Selected P M, s Species

In order to address issues of scientific uncernaint
underlying current standards, observational studis
ambient concentrations far above current standaiiiide
less informative than studies of ambient concelotnatat or
below current standards. Conversely, observatishalies
of very low ambient concentrations may lack suéfiti
statistical power to correctly assess adverselheéfcts.

Relative to National Ambient Air Quality

Standards
The 24-hour average PM concentrations measured by

National Ambient Air Quality Standard (NAAQS) of 35
pg/m®) on most days, three CBSAs in Southern California
had more than 10 percent of days above |RBm™:
Bakersfield, Fresno, and Riverside. For the assoaoia
between air quality and health, these three CBSAg not

be as informative regarding the remaining healfaot$ of
PM,s concentrations at or below the current 24-hour
NAAQS since the Ilinear concentration-response
relationship may be largely determined by days abtive
the current standard. Similarly, the nine CBSAshwii0
percent or fewer days above 1g/m® may also contribute

STN monitors varied greatly across the 49 Core 8ase less information to the analysis.

Statistical Areas (CBSAs) (Figure 5-1). While many
CBSAs were well below 17/g/m® (half the 24-hour

100%

24-Hour NAAQS for PM, . (35 pg/m3)

50%

Percent of 24-Hour PM, s NAAQS

Figure 5-1.  Distribution of monitor-specific 24-hou

monitors, 2001 —-2005.
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The annual average BMconcentrations measured by STN concentrations also had high annual average camtiemnts.
monitors for the 5 years from 2001 through 20050 als At the lower end of the distribution, 13 CBSAs cstently

varied greatly across the 49 CBSAs (Figure 5-2m@ared
with the daily concentrations, a greater proportafnthe
CBSAs appeared to have at least one annual avataye
the NAAQS for PM s of 15 ug/m® during 200£2005. The
three California CBSAs with high 24-hour BM

had average Pp concentrations below 105g/m® (75%
of the annual NAAQS). Five of these CBSAs also had
percent or fewer individual days above 1jggm®: Denver,
CO; Miami, FL; Rockingham, NH; El Paso, TX; and
Seattle, WA (Figure 5-1).

Figure 5-2.  Percent of the annual NAAQS (15 pg/m?®) for each mon

2001-2005. (Circles = single year average).

14

U) *

€ 200% -

<( .

% .

o 150% - . . 3

= «® o Annual NAAQS for PM, . (15 pg/m-)

2.5

o 8 o ° .

] [ [ ] * ® . .

g 100% i + 2 2 $ 3¢ - ) ' H 3! bl |

£ LA NS LN L P
S - — e — — S — el s __s_ _ _s__°* _ _ 3.

by =2 -—— ';——. A —:—;.!3- 4 -+ T, 3

"'6 50 ] [ ] . ..g ] [ t

0 L ]

-

o

[0}

[&)

f -

& 00/0 rrr oo o oo 11— 1r—.&v.. 1. r— 1~ o~ 171 1~ 1 1 1.1 1 ‘1. 1. 1 1.1 1T 1. 1.7 1 1. °. 17T 17 1. ©° T 1 T ©= T 1= T™T
INCICCAICLCLCLC00O A IO IZ<COCICI=ZN0O0EWLWSIDOD>OIXEICILAGy OZXXXEHFEF<S
{<ooooooooo%%@ﬁdﬁ{§22?2§§§§zzz;;ZZOOOQQ¥mF5553>;§
EXCCT 0SS0 cESGEOL S CoEdE XS BOESELYTgolE8cIg8gE25549

2S5 Ho O oS o208t 0= oOs= & ) SHoE02 0
eGP0 228088552985 58533508 2308556505865 0B0BEX
DB R SR G Sy sRE SR s SR EE ST B L 0FE0aC0EA 3 0ES R
EfourO025c50c FIgO05 - 2me $F30 20 cWW=ZZ283 S6T83To WPETH=
E rgoswm % @ 558 & £-2Hh= . 202 asEQLFS Jg =
= = Sn o e o £ 5 B o E0a 5 = =
m » = - @ S ¥ x o g

itor-specific annual mean PM ;5 concentration: 49 STN monitors,



Overall Mean Concentrations The Speciation Trends Network (STN) monitors in
The inter-comparison across all pollutants of the Southern California (Riverside, Fresno, and Bakelcf
distributions  of  monitor-specific mean  pollutant had the highest concentrations of f\nd traffic-related
concentrations is complicated by varying units of Pollutants (OC, and N¢p. The Pittsburgh, PA STN monitor
measurement and by great differences in the mearad the highest concentrations of pollutants rdlabecoal
concentrations (Table 5-1). Gaseous pollutants arecombustion (Se, SO'S, and Sg). The Birmingham, AL
measured in parts per hundred million (CO) or paes STN monitor h_ad the highest concentrations of Zah lsim.
billion (O3, NO,, SQ). Particle mass (PM, PMy), the The STN monitors in the northeastern urban corr{theaw
major ions (NH, NOs;, SQ), and carbonaceous material York, NY; Providence, RI) had the highest concetrires
(elemental carbon [EC], organic carbon [OC]) ar@sueed ~ for residual oil fly ash (Ni and V). The highest
in pug/m?. The elemental constituents of PM are measured irconcentrations  of wood smoke pollutants and motor
ng/nt. Even for pollutants measured in the same urits, t vehicles were not consistent in a particular STNitao or
grand mean concentrations can vary by orders ofS€t of monitors. Many of the crustal elements (8j,Ti,
magnitude, for example, sulfur at 1011.4 njfmselenium  and Ca) were highest in Phoenix, AZ and El Pasa, TX

at 1.5 ng/m

Table 5-1. STN Monitors with the Highest Pollutant ~ Concentrations Overall and by Season: 49 STN Monito  rs, 2001-2005

Mean STN Monitor with Highest Concentration

Pollutant Concentration -
Overall Winter Summer

Fine particulate matter PMzs 13.1 pg/m® Riverside Bakersfield Riverside
Coarse particulate matter PMio 26.6 pg/m® El Paso El Paso Riverside
Ozone O3 26.0 ppb Burlington Burlington Fresno
Sulfate SO, 3.1 ug/m3 Pittsburgh Pittsburgh Pittsburgh
Sulfur dioxide SO, 4.0 ppb New York New York Pittsburgh
Selenium Se 1.5 ng/m® Pittsburgh Pittsburgh Pittsburgh
Nitrogen dioxide NO, 17.6 ppb Newark Salt Lake City Newark
Nitrate NO3 2.0 pg/m® Riverside Bakersfield Riverside
Elemental carbon EC 0.7 pg/m° Newark Riverside Newark
Organic carbon ocC 4.5 ug/m3 Fresno Fresno Missoula
Carbon monoxide CO 6.3 pphm Missoula Phoenix Boise City
Manganese Mn 3.3 ng/m® Birmingham Birmingham Birmingham
Nickel Ni 2.7 ng/m® New York New York New York
Vanadium \% 2.8 ng/m® Providence New York Newark
Potassium K 82.4 ng/m® Missoula Missoula Indianapolis
Bromine Br 3.3 ng/m® Riverside Salt Lake City Riverside
Silicon Si 133.8 ng/m® Phoenix El Paso Houston
Aluminum Al 36.7 ng/m® Phoenix Phoenix Miami
Titanium Ti 6.6 ng/m® Phoenix Reno Miami
Calcium Ca 70.9 ng/m? El Paso El Paso Omaha
Iron Fe 101.3 ng/m® Cleveland Phoenix Cleveland
Copper Cu 5.1 ng/m® St Louis St Louis Bakersfield
Zinc Zn 16.2 ng/m? Birmingham Birmingham Birmingham
Sodium Na 100.4 ng/m® San Jose Miami San Jose
Chlorine Cl 42.3 ng/m® Miami Miami Miami
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The inter-comparison across all pollutants of the show less monitor-specific variation around the ralle
distributions of  monitor-specific  mean pollutant STN grand mean than most PM constituents, whicmate
concentrations is facilitated by scaling each galitito the  specifically regulated. Certain PM constituents, (SE€, Br,
pollutant-specific overall STN network grand mean and K) also show relatively tighter distributionshile
concentration for 2001-2005 (Figure 5-3). Critetddr Nickel (Ni) and chlorine (Cl) had the greatest a#idn in
pollutants (PMs, PM;e, CO, NQ, O;, SQy), for which EPA monitor-specific means.

has set a National Ambient Air Quality Standard (NZS),

500% . .

200%

100%

50%

20% *

Percent of Overall STN Network
Grand Mean for 2001 - 2005

Figure 5-3.
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Regional and Seasonal Patterns Seasonally, PMs concentrations were higher during the
Over this 5-year period, mean fine particulate eratt Winter months (December — February) in California’s
(PM,5) concentrations were higher in the Eastern UnitedCentral valley and in Salt Lake City, UT, but highiiring
States and in California, and lower in the Northweéise  the summer months (June — August) in southern @ald
inter-mountain West, and the Central United Staféigure ~ and in the Eastern United States. (Figure 5-5).

5-4).

Figure 5-4.  Mean fine particulate matter (PM ,s) concentrations as proportions of 25 pg/m3: 49 STN monitors, 2001 -2005.

Figure 5-5.  Mean winter and summer fine particulate  matter (PM ,5) concentrations as a proportion of 35 pg/m?®: 49 STN monitors,
2001-2005.
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PM constituents and gaseous co-pollutants showadug
patterns of seasonal means concentrations (Figee 5
Ozone and oxidation products (sulfate and orgaarban)
were all higher in the summer, while sulfur dioxidbe
precursor to sulfate particles, was higher in thatev.
Elements associated with wind-blown dust (Si, Al, and
Ca) (United States Environmental
2009c) were also generally higher

Conversely, higher winter concentrations were oleskfor
PM constituents and gaseous co-pollutants assdcigith
mobile source emissions (NOCO, NQ, and elemental
carbon) and for chlorine and bromine (possibly frooad
salt) (Gao et al. 2006). Zinc (possibly an indicatd tire
wear) (Davis et al. 2001) also showed higher winter

Protection Agency concentrations. The remaining PM constituents dad n
in the summer.show strong seasonal ratios, including elementscéed

with residual-fuel oil (Mn, V, and Ni) and with cba
combustion (Se).
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Figure 5-6.  Distributions of monitor-specific ratio s of mean concentrations in the summer (June — Augu st) and the winter

(December — February): 49 STN monitors, 2001
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Sulfate (SQ) concentrations were higher in the Eastern Nitrate (NQ) concentrations show a different spatial
United States, reflecting the major contribution safifur distribution more reflective of mobile source eross

oxides from fossil fuel combustion (Figure 5-7)m8arly, with the highest concentrations in California (Figub-9).
the highest S© concentrations were also found in the In the Eastern United States, the north-south gradof
Northeast. nitrate concentrations may reflect the temperature

dependence of the partition of nitrate into the gagarticle
phase (Lee and Hopke 2006).
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Figure 5-7.  Mean sulfate (SO 4) concentrations as a Figure 5-9.  Mean nitrate (NO 3) concentrations as a
proportion of 10 pg/m?®: 49 STN monitors, 2001- proportion of 10 pg/m?®: 49 STN monitors, 2001-
2005. 2005.

Selenium (Se) concentrations, probably related @al ¢  Silicon (Si) concentrations are much higher in #rid
combustion and coking process (Gildemeister eR@D7), Southwestern United States and other locationsdiegdeby
were highest in CBSAs with steel manufacturing wind-blown sandy soils (Figure 5-10). Since the itwn
(Pittsburgh, PA at 6.7 ngh(not mapped) and Cleveland, specific means for aluminum and silicon are highly
OH at 2.8 ng/M) and higher than average in the Midwest correlated (r = 0.96), the geographic pattern fananum

and in the Northeastern United States (Figure 5-8). concentrations was essentially identical to thasficon.
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Figure 5-8.  Mean selenium (Se) c03ncentrations asa Figure 5-10. Mean silicon (Si) concentrationsasa  proportion
gg%%ortlon of 3ng/m *: 49 STN monitors, 2001- of 5 pg/m 3. 49 STN monitors, 2001-2005.
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Iron (Fe) concentrations reflect the presenceaf in both Elemental carbon (EC) concentrations show a more
sandy and clay soils and the additional contrimgifrom uniform distribution across the United States (Fégh-13).
manufacturing processes, such as steel productiomhis lack of a strong geographic pattern refledte t
(Gildemeister et al. 2007), with the highest levéts contributions of many combustion sources to elealent

Cleveland, OH and Birmingham, AL (Figure 5-11).

E="

Figure 5-11. Mean iron (Fe) concentrations as a pro

portion of
300 ng/m* 49 STN monitors, 2001-2005.

Zinc (Zn) concentrations, in contrast to Fe, armoet

entirely related to manufacturing processes (Kimakt

2007), such as steel production, with the highegels in

Birmingham, AL and Cleveland, OH (Figure 5-12).

Figure 5-12. Mean zinc (Zn) concentrations as a pro

A _ portion of
120 ng/m*; 49 STN monitors, 2001-2005.
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carbon concentrations.

Mean elemental carbon concentrationsa sa
proportion of 2 ug/m3: 49 STN monitors, 2001-
2005.

Figure 5-13.

Organic carbon (OC) concentrations also show divelst
uniform distribution across the United States, ith
higher concentrations in California’s central vallé~igure
5-8).

Figure 5-14. Mean organic carbon concentrations as a
proportion of 10 pg/m % 49 STN monitors, 2001-
2005.



Vanadium (V) concentrations were high in seapotiegi  Nickel (Ni) concentrations were similarly high wd major

and in the northeastern metropolitan areas refigcti seaports: New York, NY with 22 nghand San Jose, CA

vanadium in residual fuel oil used for shipping afid with 12 ng/m. Excluding these two cities, nickel

domestic heating (Figure 5-15). concentrations were very low throughout the Unistdtes
(Figure 5-16).
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Figure 5-15. Mean vanadium (V) concentrations as a Figure 5-16. Mean nickel (Ni) concentrationsasap roportion
proportion of 10 ng/m % 49 STN monitors, 2001- of 25 ng/m 3 49 STN monitors, 2001-2005.
2005.
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Conclusions Regarding Mean

Concentrations

Through the NAAQS process, EPA has already detexanin
unhealthy levels of total fine particle mass (RN 35
pg/m® for a 24-hour average and 1&/m® for an annual
average. Further studies of the adverse healttcteffef
human exposures to ambient PMconcentrations above
these levels will not address the scientific uraiattes
underlying the current standards. Five CBSAs hademo
than 10 percent of days above @§m’: three in Southern
California (Bakersfield, Fresno, and Riverside)jded, NJ;
and Houston, TX (Figure 5-1).

Conversely, some metropolitan areas may have teo fe
days with air quality near the current standardaddress
key scientific uncertainties. Seven CBSAs had bbth
percent or fewer individual days above 1jfign? (half the
current 24-hour NAAQS for PM) and 5-year average
concentrations below 10.;g/m® (75% of the annual
NAAQS for PM,5): Phoenix, AZ; Denver, CO; Miami, FL;
Tampa, FL; Rockingham, NH; El Paso, TX; and Seattle
WA (Figures 5-1 and 5-2).

PM, s and most key constituents of RMare present within
a four-fold range of concentrations throughout thated
States. (Figure 5-3). Elemental carbon (EC) anchminy
carbon (OC) were widely distributed across the Wvih
little regional pattern (Figures 5-13 and 5-14).hét

22

constituents showed regional patterns: vanadium (V)
concentrations were highest in the northeastern
metropolitan corridor (Figure 5-15), nitrate (RO

concentrations were highest in southern CalifoRigure
5-9), and sulfate (Sfp concentrations were highest in the
Eastern United States. (Figure 5-7). For thesetitoests,
epidemiologic studies would benefit from the setetof a
few characteristic metropolitan areas in each afs¢h
regions.

In the extreme, some PM constituents have distributions
skewed by extreme levels in only one or two metlitgro
areas (Table 5-1 and Figure 5-3). Nickel (Ni)
concentrations are extraordinarily high in two majo
seaports: New York, NY and San Jose, CA (Figuréb-1
Silicon (Si) concentrations are extraordinarily Him the
desert southwest: El Paso, TX and Phoenix, AZ (feidi
10). Metals, such as iron (Fe) and zinc (Zn), haxteeme
concentrations in manufacturing and refining center
Cleveland, OH; Phoenix, AZ; and Birmingham, AL
(Figures 5-11 and 5-12). Selenium (Se) concentiatare
extraordinarily high in steel manufacturing centers
(Pittsburgh, PA and Cleveland, OH), but still had
considerable variation across the remaining metitapo
areas (Figure 5-8). These metropolitan areas wiauiid to
dominate any epidemiologic analyses of these dpecif
constituents.



Chapter 6
Variability in Concentrations of Criteria
Pollutants and Selected PM , 5 Species

Indicators of Monitor-Specific Variability

For time-series and case-crossover studies of -tvont
exposures, greater day-to-day variability in ambieir
pollutant concentrations tends to increase theisttal
power of such studies. Locations with greater \mlitst

will be more

influential in the determination of

concentration-response relationships. However, abt
variations are equally useful; variations due tfreiquent ther 1n
extreme events are less useful than frequent negulaOxnard, CA, reflects the episodic impact of the Los

variation.

For total fine particle mass (PN, the city-specific
interquartile ranges vary closely with the city-cifie

30

Interquartile Range (pg/m3)

Figure 6-1.

Distributions of monitor-specific inter

1|0 1|5 2|0 2|5
Mean (pg/m3)

49 STN monitors, 2001 —-2005.
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quartile range and coefficients of variation by mon

means (r = 0.82), while city-specific coefficients of
variation, the monitor-specific variance divided Mblye
monitor-specific mean expressed as a percentage, ar
independently distributed around the grand mear6af
percent (Figure 6-1).

Extreme variability generally reflects episodic rexhe
events. For example, the outlier interquartile eang

Angeles area. The three most extreme coefficierits o
variation (Salt Lake City, UT; Missoula, MT; and iBe
City, ID) reflect infrequent extreme pollution ewenin
normally low particle areas.
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Variability Relative to the Mean

For most pollutants, the monitor-specific coeffitie of

The distributions of coefficients of variation show Variation fell within a tight range from 40 to 1@ercent of

considerable differences across the criteria petitst and
the components of PM (Figure 6-2).
monitor-specific coefficients of variation greatdan 100
percent have substantially variability relativetheir means
than pollutants with monitor-specific coefficientsf
variations less than 100 percent. Pollutants wifvelr
coefficients of variation generally have relativedyable
source contributions, such as those pollutantste@ldo
local mobile source emissions in these urban areas.

the pollutant-specific means. Even pollutants witie

Pollutants with lowest coefficients of variation, ozone and NChave

shown sufficient variation for epidemiologic stuslie
Pollutants with higher coefficients of variation ynhave
strong seasonal patterns, for example, nitrate jJNOr
episodic source events, for example, chlorine (Cl).
Potassium (K) is associated with seasonal burningood
and other plant materials. Other PM constituenis A§
and Ti) may be related to wind-blown dusts. Sinegssnal
patterns in pollutants are generally removed by etingd or

by design, the useful variation for an epidemiotogfudy is
the within season variation.
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Figure 6-2.  Distributions of monitor-specific coeff icients of variation for various pollutants over th e entire year: 49 STN monitors,

2001-2005.
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Seasonal Differences in Coefficient of

Variation
Season-specific  distributions of

the monitor-sgecif

coefficients of variation provide insights into teeurces of

these pollutants (Figure 6-3). For example, ch®r{cl)
showed higher coefficients of variation in boths®e with
the highest summer values in Tulsa, OK and SalelGiky,
UT suggestive of wind-blown salt and the highesntei
values in Baltimore, MD; Charleston, SC, and Honsto
TX. Conversely, for sulfate (SQ the high coefficients of
variation disappeared with seasonal adjustment.

Potassium (K) had greater coefficients of variatiorthe

uncontrolled combustion of plant materials, withghni
values in mid-western cities. In the summer, higtugs
were observed for Indianapolis, IN (470%) and
Minneapolis, MN (386%); while, in the winter, higlalues
were observed for Miami, FL (622%) and Charlesis@,
(379%).

Aluminum (Al) had greater summer coefficients of
variation in mid-western cities, such as St. LoUu4Q
(405%) and Indianapolis, IN (352%), and greatertevin
values in the southern cities, such as Miami, RR9¢2); El
Paso, TX (272%); and Houston, TX (237%), perhaps
related to episodic dust events involving windboohay
soils rich in kaolin.
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Figure 6-3.  Distributions of monitor-specific coeff icients of variation for various pollutants for win ter and for summer days: 49

STN monitors, 2001 —-2005.
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The increased summer-time coefficients of variafionK
and Al are particularly evident with monitor-spécifatios

of the summer and winter coefficients of variation
(Figure 6-4).
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Figure 6-4.  Monitor-specific ratios of summer/winte

Conclusions Regarding Coefficients of

Variation

For most metropolitan areas with Speciation Trends
Network (STN) monitors, total fine particle massv(i})

and most PMs constituents had modest coefficients of
variation between 50 percent and 100 percent of the
monitor specific means reflecting a regular patterth
small daily variations (Figure 6-2). This generattprn was
present in both the winter and summer months (Eigu8).

A few constituents had skewed distributions of oieits
of variation, indicating a pattern of isolated extre
concentrations (Figure 6-1). The constituents shgwhe
most skewed distributions were nickel (Ni), potassi(K),
aluminum (Al), and chlorine (Cl).
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Chapter 7

Correlations with Total Fine Particle Mass (PM

Since the association between total fine particlassn
(PM,5) and mortality has already been well establislies,
specific PM s constituents most likely to explain this
association should show strong associations witi RV, 5
mass. The monitor-specific coefficient of deterntimas
(the square of the correlation coefficienf) Between PMs
and other pollutants vary greatly across pollutaatsl
seasons (Figures 7-1 to 7-15). Horizontal refereimes
indicate strong correlations {Rreater than 49%), moderate
correlations (R between 25% and 49%), and weak
correlations (R less than 10%). City-specific correlations
are presented in Tables A-5 and A-8 in the Appendix

2.5)

Particulate matter that is less than 10um in aerachc
diameter (PMg) was strong-to-moderately correlated with
total PM,s mass in the majority of cities, while moderate
correlations with ozone ( were observed in the majority
of cities (Figure 7-1)Not fully reflected by the unsigned
coefficient of determination, the overall relatibigs
between PMs and Q varied widely across cities,
exhibiting both negative and positive correlatioksich of
this variation appeared to be due to seasonalrpatt&or
every monitor, @and PM s had weak-to-moderate inverse
correlations during the winter. In contrast, duritige
summer the correlations were all positive or wdakthe
winter the strongest inverse correlations were oleskin
California and in the Northeast while in the sumniee
strongest positive correlations were found in tbatBeast.
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Figure 7-1.  Distributions of the monitor-specific p

for all days, winter days, and summer days: 49 STN
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Fossil Fuel Combustion (Se), a more specific marker for coal combustiad lower

Sulfate (SQ) from fossil fuel combustion had the highest correlations in most cities, but was strongest astington,
R? with total PMys mass of any single PM constituent, ~DC; Chicago, IL; Baton Rouge, LA; Baltimore, MD;
with summertime Rabove 70 percent in most Core Based Detroit, MI; and Pittsburgh, PA. The seasonal défees
Statistical Areas (CBSAs) (Figure 7-2). For theirenyear, for SO, and SQ reflect seasonal differences in the
SO, was highly correlated with total P mass for most ~ conversion of gaseous $@to particulate S©

CBSAs east of the Mississippi River (Figure 7-3le®ium
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Figure 7-2.  Distributions of the monitor-specific p ercentage of the daily variation in PM 5 determined by the variation in selected
markers of coal combustion for all days, winter day s, and summer days: 49 STN monitors, 2001 -2005.

Figure 7-3.  Monitor-specific correlations between P M5 and sulfate: 49 STN monitors, 2001 -2005.
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Mobile Sources

Potential markers of mobile sources N®IO; EC, OC,
and CO) were moderate-to-strongly correlated witalt
PM, s mass in many cities, especially in the winter (&g

States (Figure 7-5). For nitrogen dioxide NOthe
strongest correlations with total BMmass were observed
in the Northeast, while, for nitrate (N)JQ the strongest
correlations were observed in California and theifiRa

7-4). Total PMs mass was moderately or strongly Northwest.
correlated with organic carbon (OC) throughout theted
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Residual-Oil Fly Ash between PMs and these three metals (Figure 7-7). During
Residual-oil fly ash may be indicated by mangar(&4e), the summer, only weak correlations were observédden
nickel (N|) or vanadium (V), depending on the s@uot the these pO”UtantS and FEMln the majority of cities with no
fuel oil . During the winter, a few cities, espelyian the  real geographic pattern (Figure 7-6).

Northeastern United States, had moderate corratatio
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Figure 7-6.  Distributions of the monitor-specific p ercentage of the daily variation in total PM ;5 mass determined by the variation
in selected markers of residual-oil fly ash for all days, winter days, and summer days: 49 STN monitor s, 2001-2005.

Figure 7-7.  Monitor-specific correlations betweent  otal PM ;5 mass and vanadium during the winter months (Decemb  er —
February): 49 STN monitors, 2001 -2005.
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Biomass Combustion located in the western part of the United Statepgeeially

Potential markers for biomass combustion, potasgikjn N the Northwest, but were still moderate in the
and bromine (Br), had moderate to strong corretatinith ~ Northeastern United States and California (Figug.7

total PM,.s mass in many cities, especially during the winter Tampa, FL is an exception to the national patteenhaps
(Figure 7-8). During the winter, the strongest etations due to local agricultural burning in central Flaid

were for Speciation Trends Network (STN) monitors
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Figure 7-8.  Distributions of the monitor-specific p ercentage of the daily variation in total PM .5 mass determined by the variation
in selected markers of biomass combustion for all d ays, winter days, and summer days: 49 STN monitors, 2001-2005.

Figure 7-9.  Monitor-specific correlations betweent  otal PM ;s mass and potassium (K) during winter: 49 STN monit  ors, 2001 -2005.
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Crustal Materials be related to transoceanic transportation of samdngl
Elements common in wind-blown crustal materials, €xtreme desert dust events. Overall for the otmastal

aluminum (Al) and silicon (Si), appeared to onlyweakly ~ €lements, calcium (Ca) and titanium (Ti) produced
correlated with total PhMs mass (Figure 7-10). In the moderate correlations in only a few cities. Foafd Ti, the
summer, silicon was weakly correlated aside frora th monitor-specific averages were similar regardigsseason
desert southwest and agricultural Midwest (Figur&ly. or region.

The higher correlations in Seattle, WA and Tampanfay
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Figure 7-10. Distributions of the monitor-specific percentage of the daily variation in total PM ;5 mass determined by the variation
in selected markers of crustal elements for all day s, winter days, and summer days: 49 STN monitors, 2  001-2005.

Figure 7-11. Monitor-specific correlations between total PM ;5 mass and silicon (Si) during summer: 49 STN monito  rs, 2001 -2005.
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Metallic Elements of cities, with stronger correlations in the win{&igure 7-

Metallic elements represent a complex pattern duéh¢  12). The strongest year-round correlations weremodes! in
wide Variety of sources: windblown crustal matesjal Northern Callfornla, the Northwest, and the Norgtea

emissions from manufacturing processes, and emissio (Figure 7-13).
from the use of manufactured products. Iron (Fek wa
moderately correlated with total BMmass in the majority
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Figure 7-12. Distributions of the monitor-specific percentage of the daily variation in total PM ;5 mass determined by the variation
in selected metals for all days, winter days, and s  ummer days: 49 STN monitors, 2001 -2005.

Figure 7-13. Monitor-specific correlations between total PM ;5 mass and iron (Fe): 49 STN monitors, 2001 -2005.
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Sea Spray/Road Salt (Figure 7-14). During the winter, chlorine (Cl) was
Potential markers of sea Spray/road salt, SOdiUHD @hd mOderater correlated in some cities in the Westand
chlorine (Cl), had only weak to moderate correfagiovith ~ Northern parts of the country (Figure 7-15).

total PM,s mass regardless of location or season
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Figure 7-14. Distributions of the monitor-specific percentage of the daily variation in PM 5 determined by the variation in selected
markers of sea spray/road salt for all days, winter days, and summer days: 49 STN monitors, 2001  —2005.

Figure 7-15. Monitor-specific correlations between total PM ;5 mass and chlorine (Cl) during winter: 49 STN monit  ors, 2001 -2005.
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Conclusions Regarding Correlations with

PMz s

Since previous epidemiologic studies in many medlitgm
areas throughout the world have already well-eistiadxi
the association between total fine particle mass,@dp and
increased mortality and hospitalizations, the exatin of
associations with specific PM constituents shouédjit
with those constituents that covary with PMFor this
report, the key PM constituents associated wital tBivh, 5
mass are sulfate, nitrate during the winter, eldaien
carbon, and organic carbon. These constituents tierxe

35

ones that are associated with significant healtteces
estimates possibly explaining the association @l tBM, 5
mass with mortality and hospitalization. Howeveaeious
studies have observed associations between copper,
potassium, zinc, titanium, aluminum, chlorine, iraickel,
silicon, and vanadium and adverse health effectsitéd
States Environmental Protection Agency 2009a).
Aluminum, chlorine, silicon, and titanium had low
correlations with total PMy mass while correlations
between PMs mass and the other constituents were source
and therefore city dependent.



Chapter 8
Inter-Correlations Between Selected PM Constituents

Recent and future epidemiologic and clinical stadége  \Within-Source Category

focused on resolving the relative independent asidtj The monitor-specific coefficient of determinatiorfthe
effects of PM constituents and co-pollutants in a square of the correlation coefficient?)Roetween PMs
multipollutant context. Observational studies camegolve constituents vary greatly across pollutants andseea
the independent effects of highly correlated aillupants. Figures 8-1 through 8-3 present within source aaieg, as
Therefore, the ability to distinguish between vasoPM identified in Chapter 7, annually and in the wintend
constituents would be enhanced by independenttiarian  summer seasons. Horizontal reference lines indistatmg
these constituents as characterized by low paiewis correlations (R greater than 49%), moderate correlations
correlations. (R? between 25% and 49%), and weak correlatiofdd&s
than 10%). City-specific coefficients of determionat are

In this chapter correlation within previously defthsource  presented in Tables A-9 to A-17 in the Appendix.
categories is first examined to determine the @ffeness

of these commonly used groupings. In the seconiibseaf
this chapter correlations between selected coestitufrom
different source categories are presented. Thetituarss
selected are those shown to be associated withrsslve
health effects.
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Figure 8-1.  Distributions of monitor-specific of co efficients of determination for constituents within -source category for all days:
49 STN monitors, 2001 —-2005.
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Fossil Fuel Combustion

Sulfate and selenium were moderately correlatednly
Baltimore, MD, Cleveland, OH, Detroit, MI, and Chgo,
IL. These correlations are higher in the summen thathe
winter.

Mobile Sources
Correlations between nitrate and elemental carbdrate

Crustal Materials

Correlations between all of the crustal materialeren
higher in the summer than during the winter. Siicand
aluminum, the major elemental constituents of saadg
clay soils (United States Environmental Protectigency
2009c), are highly correlated in the summer througthe
Eastern United States, but in the winter the morspecific
correlations are high only in the desert Southw@ste

and Organic Carbon, and elemental carbon and mganiinﬂuence of wind-blown dust ariSing from arid catmmhs

carbon were on average higher in the winter thamduhe
summer. The lower summer correlations possibleotfihe
independent sources of secondary organic aerosbise
the higher winter correlations
combustion sources of both elemental carbon andapyi
organic aerosols. In the majority of cities moderab

and agricultural operations is apparent from theesgsonal
correlations. Silicon is also highly correlated witalcium
in the majority of cities, and with titanium durinthe

reflect the common Summer. In the winter high correlations betweeantitm

and silicon were only observed in the Western Uhite
States. Aluminum was poorly correlated with bothartium

strong correaltions were observed between elementa@nd calcium in the majority of cities regardlesssefson.
carbon and organic carbon regardless of season, andihe exceptions were a few cities in California; iem CO;
between nitrate and organic carbon during the winte and Phoenix, AZ.

During the winter nitrate and elemental carbon kadng
correlations in San Jose, CA and Springfield, MA.

Residual-Oil Fly Ash

Nickel and vanadium had high correlations during th source. A . . |
corridor; manufacturing do show moderate winter-time coriees,

winter in the Northeastern metropolitan

Metallic Elements

High correlations in the winter for zinc and ir@specially

in northern metropolitan areas, may reflect a commo
Although  metropolitan areas with steel

Minneapolis, MN; and Seattle, WA; but low in other the common source for zinc and iron appears torbsept

metropolitan areas. These correlations also apgdarée
higher in the winter compared with the summer. %irtyj,

in less industrialized metropolitan such as Pod]a@R,
Chicago, IL, and New York City, NY. One possible

there were higher correlations between manganese ancommon source might be dusts from mobile souragsh s

nickel and manganese and vanadium during the wimtes
higher winter correlations are possibly due tohilgher use
of oil heating during the colder months.

Biomass Combustion

Potassium and bromine exhibited higher winter dati@ns
with the strongest correlations occurring in SeattVA and
Northeastern metropolitan areas.
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as tire and engine wear (Majestic et al. 2009; S8emdt al.
2003). Zinc and copper had low seasonal correlation
most metropolitan areas, but rose to moderate lations
in the densely populated, and high traffic, midatic
areas during the winter months. Similarly, iron amgbper
had higher correlations during the winter; howeubgre
did not appear to be a spatial pattern to theseletions.

Sea Spray/Road Salt

Sodium and chlorine were not well correlated in the
majority of metropolitan areas. The exceptions wibiese
cities along bodies of water such as San Jose, CA,
Providence, RI, Miami, FL, and Gulfport, MS.



Between-Source Categories

In order to summarize the results, cities were gealuinto

four regions (Northeast, South, Midwest, and Wess)
defined by the U.S. Census Bureau. In Figures &dugh

8-7 horizontal reference lines indicate strong eations
(R? greater than 49%), moderate correlation$ §Btween
25% and 49%), and weak correlations (&s than 10%).
The constituents were selected based on their fisigni

associations with morbidity and mortality as wedl their

significant modification of these health effectieTselected
elements include elemental carbon, organic carbopper,

potassium, zinc, titanium, aluminum, chlorine, atié,

sulfate, iron, nickel, silicon, and vanadium (UditStates
Environmental Protection Agency 2009a). Inter-cibusht

correlations presented in the previous section, (ivghin-

source category) will not be discussed in thisisactCity-

specific correlations are presented in Tables A-8417 in

the Appendix.

and Milwaukee, WI. Organic carbon was moderately
correlated with potassium in all Midwestern citi€serall
organic carbon was moderately correlated with esoept

in Detroit, MI, Omaha, NE, and St. Louis, MO. Modtxr
correlations were observed between potassium amdifr

all Midwestern cities except St. Louis, MO. Potassiwas
moderately correlated with silicon except in Indipalis,

IN, Kansas City, MO, and Minneapolis, MN.

Seasonal differences were noted in the above ediost.
Moderate correlations between elemental carbon
potassium were observed in the winter but not tharser.
Some correlations were not significant overall ldre
significant during certain seasons. During the aint
organic carbon was moderately correlated with znd
nitrate, potassium was moderately correlated wiith,zand
nitrate was moderately correlated with sulfaterdig was
also moderated correlated with sulfate during theareer
months. Moderate correlations were observed between

and

Midwest organic carbon and sulfate, zinc, and nitrate; iaod and
Elemental carbon was moderately correlated with titanium in the summer. Only weak _correlations were
potassium, zinc, and iron. Average correlationswbeh observed for the other inter-constituent correfatio
these constituents were mainly driven by IndianapoN, ~ compinations
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Figure 8-4.  Distributions of monitor-specific of co
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Northeast

Moderate correlations between elemental carbonzamg
organic carbon and iron, and organic carbon andgsaim
were observed in all Northeastern cities. Elemecéabon
was also moderately correlated with iron except
Burlington, VT. Over this region, elemental carbosms
moderately correlated with nickel; however, the rage
correlation was mainly driven by New York City, Nahd
Philadelphia, PA. Moderate correlations with iroare also
observed with titanium, sulfate, nickel, silicomdazinc.
Iron was moderately correlated with titanium in all
Northeastern cities except Burlington, VT whereag t
moderate correlations observed between iron anfhtsul
were driven by New York City, NY, Rockingham, NHych
Springfield, MA. Iron and silicon were moderately
correlated in most cities in this region with theeption of
Edison, NJ and Springfield, MA.

100%

The moderate correlations observed between nickdl a
zinc, and organic carbon and sulfate were heavily
influenced by the strong correlations in New YoikyCNY

(R? = .59). Overall, nitrate had moderate correlatiwiith

in zinc and sulfate, but was poorly correlated in BdjsNJ,

Philadelphia, PA, and Pittsburgh, PA. Potassium was
moderately correlated with zinc in all Northeasteities
except Boston, MA. Seasonally, correlations of eletal
carbon, iron, and zinc with nickel were only obgshin the
winter. The overall moderate correlations obseivetiveen
potassium and zinc also were driven by the wintentims.
Significant correlations between organic carbon aod,
organic carbon and sulfate, and nitrate and zinewgeen
during the summer but not during the winter. Onlgak
correlations were observed for the other inter-tihrent
correlation combinations.

90%

80%

70%

60% -

50%

NORTHEAST

40% A
30%

20% A

Coefficient of Determination (%)

10% +—

0% ~

EC/Ni EC/Zn EC/Fe FelTi Fe/SO, Fe/Ni

Fe/Si OC/IFe OC/K OC/SO, NiiZn NO,zn NO,/so, KizZn

Interconstituent Correlations

Figure 8-5.  Distributions of monitor-specific of co

Northeastern cities for all days: 49 STN monitors,

40

efficients of determination for constituents betwee
2001-2005.

n-source categories in



South For the region zinc was moderately correlated witanic

Moderate correlations were observed between elehent carbon, with strong correlations in Houston, TX. décate
carbon and iron and titanium. Strong correlatioaneen  correlations between elemental carbon and iron ieoml
these constituents were observed in Atlanta, Gén lwas  and potassium were observed during the winter ot n
also moderately correlated with silicon except aitBnore, ~ during the summer. In contrast, significant cottiefzs
MD and Memphis, TN. The overall moderate correfatio between iron and silicon were seen during the suname
observed between iron and zinc were driven by theng not the winter. Only weak correlations were obsériar
correlation seen in Atlanta, GA, Baltimore, MD, the other inter-constituent correlation combinagion

Birmingham, AL, and Washington, DC.
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Figure 8-6.  Distributions of monitor-specific of co efficients of determination for constituents betwee n-source categories in
Southern cities for all days: 49 STN monitors, 2001  -2005.
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West
As with the other regions, elemental carbon waseretely

Moderate correlations were observed between patassi
and organic carbon, with the strongest correlatsgen

correlated with iron and zinc. The overall moderate @long the west coast cities. The overall moderate
correlations between elemental carbon and iron werecorrelations between potassium and zinc were mainly

heavily influenced by the strong correlations ofedrin
Denver, CO, Riverside, CA, and Seattle, WA. Strtmg-
moderate correlations between elemental carbonzard
were observed in all western cities as well as betwiron
and silicon, and iron and titanium. Iron was alsoderately
correlated with aluminum and organic carbon. Overah
was moderately correlated with potassium, with regro
correlations in Boise City, ID, Denver, CO, and Ehig,
AZ.

100%

driven by a few cities: Fresno, CA; Missoula, MTgriland,
OR; and Sacramento, CA. As with the other regidres t
correlation between elemental carbon and zinc wdexen
by the winter months. Stronger correlations betwien
and aluminum, organic carbon and iron, and potassind
zinc were observed in the winter compared to thranser.
Only weak correlations were observed for the othtar-
constituent correlation combinations.

90%
80%

70%

60% ~ —|_ —_
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Figure 8-7.  Distributions of monitor-specific of co efficients of determination for constituents betwee n-source categories in
Western cities for all days: 49 STN monitors, 2001  -2005.
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Conclusions Regarding Interconstituent The second section of this chapter focused on lestwe
Correlations source categories. Previous studies have identified

associations between several RMonstituents and adverse
health effects. In metropolitan areas where these
constituents are highly correlated, observationalies will
have difficulties in determining the causal constiit. More
significant interconstituent correlations were seén
Northeastern cities compared to the other regidesoss

all regions strong-to-moderate correlations wereeoled
between elemental carbon and zinc, and elementhba
and iron. Significant correlations were seen betwee
organic carbon and potassium in the Midwest, Nasghe
and West. Iron and potassium had strong-to-moderate
correlations in all regions except the Northeast. |
Midwestern and Northeastern cities, iron was stiotmy
moderately correlated with organic carbon. Iron \eéso
strongly-to-moderately correlated with both titamitand
silicon on all regions except the Midwest.

A common approach for estimating the total heatict of
multiple pollutant exposures is to use the indicafgproach
where the concentration of one pollutant is used to
represent the combined exposure to several potkiamto
an emissions source (Dominici et al. 2010). In finst
section of this chapter, the strength of the irdeedations
among constituents assigned to the same sourcgocgate
was examined. Selenium, a constituent of coal caidiy
is not well correlated with the other constituetygically
associated with fossil fuel combustion. For molsiteirces
and crustal materials, elemental carbon and silicould
serve as indicators, respectively. Potential indica of
residual oil fly ash, biomass combustion, and geay¢road
salt appear to be geographically and seasonal depén
The correlations between the metallic elements apjmebe
source dependent, varying based on either manuiiagtor
dusts from mobile sources.
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Chapter 9

Relationships Between Coefficients of Variation and

Low correlation between a pair of air pollutantsymze

caused by a lack of temporal variability in one kmth

pollutants rather than simply an absence of aioglship.

The purpose of this chapter is to determine wheltbwer

correlations between pairs of pollutants were dudotv

coefficient of variations of either pollutant. Only few

pollutants had monitor-specific coefficients of ieéions

less than 50 percent. These include ,;pPMzone, carbon
monoxide, nitrogen dioxide, sulfur dioxide, selemiju
sulfate, elemental carbon, and organic carbon.

Low Correlations with PM 55

Correlations

Table 9-1 lists those cities with both correlatidretween
the pollutant and Pl in lowest 18 percentile and
coefficient of variations less than 50 percent &ther
pollutant. PM, was strong-to-moderately correlated with
PM, 5 in all of the cities therefore it was not includéebr
the majority of these cities the low correlatiordvieen the
pollutants and Plk may have been caused by the low
coefficients of variation of that pollutant. Howeyen
Baton Rouge, LA, Charlotte, NC, and Dallas, TX low
coefficients of variation for Pik were also observed.

Table 9-1. Cities with PM ,5 Correlations in the Lowest 10 ™ Percentile and Coefficients of Variations Less Tha  n 50 Percent for
Either PM ;5 or the Other Pollutant
O3 CO NO; SO, Se SO, EC ocC
Portland, OR Omaha, NE Charlotte, NC San Jose, CA San Diego, CA Phoenix, AZ Baton Rouge, LA Omaha, NE
Houston, TX Dallas, TX Miami, FL Reno, NV Charlotte, NC
Oxnard, CA

Kansas City, MO

Low Interconstituent Correlations

Those pollutants with high interconstituent cortielas in
all cities were not further examined since
relationships are unlikely to have been greathe@#d by
low coefficient of variations. In the previous seatthose

cities were presented in which both the correlation

between the pollutants were in the lowest 10th qraiie
and the coefficients of variation were less thanpg@cent
for either pollutant. Elemental carbon was pooudyrelated
with organic carbon, potassium, and zinc in Bataudge,

LA possibly due to low coefficients of variation of

elemental carbon. Other poor correlations potdptdile to
low coefficients of variation of elemental carbamclude

correlation between elemental carbon and zinc itrdite
MI and between elemental carbon and vanadium isal ul

these OK. In Phoenix, AZ, we observed low coefficients of

variation for sulfate possibly leading to weak etations
between sulfate and vanadium and sulfate and argani
carbon. For other correlations with organic carbiable 9-

2 list those cities with both correlations betwethe
pollutants lowest 10th percentile and coefficienf o
variations less than 50 percent for either pollutdm all
cities weak correlations between organic carbon #ed
other constituent may have been caused by a low
coefficient of variation of organic carbon.

Table 9-2. Cities with Between Pollutant Correlatio  ns in the Lowest 10 ™ Percentile and Coefficients of Variations Less Tha  n 50
Percent for Either PM 5 Constituent
Cu K Zn Cl NO3 Fe Ni Si \%
Omaha, NE Miami, FL Omaha, NE St. Louis, MO Indianapolis, ID Tampa, FL Miami, FL Miami, FL Tampa, FL
Tulsa, OK Tampa, FL  Charleston, SC Omaha, NE Kansas City, MO Charleston, SC St Louis, MO Tampa, FL Indianapolis, IN
Memphis, TN Memphis, TN  St. Louis, MO Kansas City, MO Minneapolis, MN

Tulsa, OK Memphis, TN Tulsa, OK
Memphis, TN
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Conclusions Regarding Relationships
Between Coefficients of Variations and

Correlations

Only PMyo ozone, carbon monoxide, nitrogen dioxide,
sulfur dioxide, selenium, sulfate, elemental carbamd
organic carbon had monitor-specific coefficients of
variations less than 50 percent. Low correlatioith WM, 5
due to low coefficients of variations were only gibge in a
handful of cities. Many of these cities were aldentified
when examining interconstituent correlations. Gitighat
were listed for multiple pollutants include OmahdE,
Miami, FL, Tampa, FL, Charlotte, NC, Charleston,,SC
Tulsa, OK, Memphis, TN, St Louis, MO; Kansas CMQ,
and Indianapolis, IN.
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Chapter 10
Potential Monitors for Increased Frequency

Summary of Results

This analysis illustrates that criteria pollutastsd PM s
species concentrations, variability, and relatigmshwith
PM, s can differ both temporally and spatially. For ¢ho
pollutants exhibiting a geographic pattern, the hbif
concentrations were observed in the Northeast (5, &d
S0O,), California (NQ), or both (PM;s and V). Examining
all of the selected sites, RMO;, Ca, K, Zn, V, Al, Si, Ti,
Na, and S@ were significantly higher in the summer
compared to the winter, whereas the opposite wees for
CO, NGO, SO, Br, NG;, EC, OC, Mn, Ni, and CI. A few of
the pollutants (PMs, PM;o, OC, V, and NG@) also exhibited
seasonal patterns that differed regionally.

In comparison with the Pp4 NAAQS for all cities, the
majority of days were below the daily standard 5{.8/n?*
while a few cities had annual concentrations eitivetl
above or well below the annual standard of 15 [ig/m
Additionally, in approximately half of the cities,
coefficients of variation of less than 49 percemt PM,

Se, CO, N@, and OC were observed whereas only a few
are below 49 percent for B EC, NQ, SQ, and SG.

Regardless of season or region fglind SQ were strong-
to-moderately correlated with PMwhile Se showed weak
correlations and SQexhibited both seasonal and regional
patterns. The correlations between RMand Q were
negative in the winter and positive in the sumnaard
showed some regional differences. Strong correlatigith
markers of wood smoke (K, Br, and Ca) were seesoime
cities, usually in the winter in the Western pafttbe
United States. Elements associated with mobile casur
were well correlated with PM in most cities, with the
exception of Cu, which exhibited different geogriapand
seasonal patterns. Of the crustal elements (Al,Steand
Ti) only Fe was moderately correlated with PMn the
majority of cities, with the strongest correlationisserved
in the winter. Finally, markers of residual-oil fgsh and
sea spray were at best moderately correlated Withsfh a
small percentage of cities.
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Next, correlations within and between selected @®ur
groups were examined. Although used as a markeopalf
combustion, selenium was not well correlated witlie t
other fossil fuel constituents (i.e., sulfur andfate). For
mobile sources, elemental carbon and organic were
moderately correlated and correlations with nitratere
stronger in the winter. Correlations between nicked
vanadium were only significant in a few cities withe
strongest correlations observed in the winter. Biryi,
potassium and bromine (markers for biomass conmtmjsti
were also more highly correlated in the winter. I€lations
between all of the crustal materials were higherthp
summer than during the winter. Silicon was sigaifitty
correlated with other crustal materials in the mgjoof the
cities whereas correlations between aluminum aadther
crustal elements were generally weak. Elements ased
markers for seas spray/road salt were not welletated
and correlations between the metallic elementsapjoebe
source dependent, varying based on either manuiiagtor
dusts from mobile sources.

To examine between source groups, elements that hav
previously been associated with adverse healtittsfigere
selected. Strong-to-moderate correlations were robde
across all regions between elemental carbon argj aimd
elemental carbon and iron. Iron was also correlatét
elements associated with mobile sources, crust&tmas,
and biomass combustion in all regions. Correlatmrch as
those between elemental carbon and zinc in thehdast
were mainly driven by a few cities (e.g., New YdCiy,
NY) while others such as iron and silicon were preésn
all cities across a region.

Some of the observed low correlations between {zoits
in certain cities may have been due to a low coiefiit of
variation for either one or both pollutants. Citi¢isat
appeared frequently were Omaha, NE; Miami, FL; Tamp
FL; Charlotte, NC; Charleston, SC; Tulsa, OK; Meisph
TN; St Louis, MO; Kansas City, MO; and Indianapplis.



Selection of Cities

Using the analyses of air quality measurements fism

An increasing number of studies are examining theSTN monitors for 2001-2005 of the previous chapteasly
associations between gaseous pollutants and PMespec Monitoring would be of greatest epidemiologic ietrfor

and health effects, as well as their role as pitent
confounders in the PM-health effects associatidnmeta-
analysis of PM and gaseous pollutants showed that P

NO,, CO, and S all showed a positive and significant

mortality risk estimate (Stieb et al. 2002). Amotige
pollutants from the Speciation Trends Network (S;Tthig
strongest associations with mortality have beereies
for PM,s mass, EC, Ng) Cl, Cu, Fe, K, Ti, V, and Zn
(Ostro et al. 2007). Studies have also shown thabin
chemical species significantly modify the assooiati

between PMs and mortality (Franklin and Schwartz 2008),

while others have examined the role of gaseousifaoits

metropolitan areas that meet the following fivaeia:

1. Population of the metropolitan area;
Mean levels of criteria air pollutants;

3. Variation in levels of criteria air pollutantsnéa
particulate matter constituents;

4. Correlation among criteria air pollutants andipalate
matter constituents; and

5. Relationship of correlations to the -coefficienf
variation.

such as @as either potential confounders or surrogates to

PM, s exposures (Sarnat et al. 2001).

Although these studies have identified seriousthedks,
there is still uncertainty as to which components the
most harmful. Furthermore, the pollutant itself nreot be
the causal agent but rather a surrogate for acpéati
source. For example, previous time-series analiysksate
that, of the sources of P motor vehicle exhaust usually
has the strongest associations with all non-actiden
mortality and with cardiovascular mortality (Mar at.
2000; Laden et al. 2000; Janssen et al. 2002).

Various studies have documented significant hetreiy
among community-specific health effect estimate® b,
on mortality (Peng et al. 2005; Dominici et al. 3DOPM, 5
and mortality (Franklin et al. 2007), and Rdbn hospital
admissions (Bell et al. 2006). Heterogeneity ig-sipecific
and seasonal-specific estimates have also
demonstrated in ozone mortality studies (Bell et28i05;
Bell et al. 2004; Levy et al. 2005; Ito et al. 2D05
Differences in city-specific health effect estinmtenay
reflect variations in the air pollution mixture arnits
sources. These variations may be city-specific,irgddo
the complexity of focusing on a particular pollutan

Daily monitoring data would aid an epidemiologist i
determining the health effect of a particular p@lht. The
criteria for selecting cities for daily speciatiomonitoring
includes sufficient population size, sufficient centration
levels and variability, and low correlations betwee
pollutants independent of low variability.
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In Table 10-1, those cities that do not meet eaitbria» are
indicated by a bar shaded in gray.

Criterion 1: Adequate Population Levels

In Table 10-1, those cities with populations lessint
500,000 and greater than 5,000,000 are highligh@gties
with smaller populations may not have enough dadgths
to perform a time-series analysis. Conversely, Jarge
cities will have an adequate number of daily deéthisthe
monitor may not represent well the population’s asyre.
City-specific populations can be found on Table 4-1

Criterion 2: Mean Levels of PM; 5

The city-specific daily and/or annual BMin comparison
to NAAQS was examined. Concentrations were deemed t
high if more than 10 percent of days were abovedtiby

standard (35pg/fh and/or the 5-year annual average was
beemore than 10 percent above the annual standardy(tBp

Cities were identified as having too low PRM
concentrations when 10 percent or fewer days aligve

pg/m® (50% of the daily standard) and/or 5-year annual

average concentrations below 10uy{m5% of the annual
standard). These concentrations are presentedumesi 5-1
and 5-2.

Criterion 3: Adequate Level of Variability
Only 10 pollutants (PMs, PM;o, CO, NG, O SO, Se,
SO, EC, and OC) had coefficients of variation lesntis0
percent in any of the cities. NOQO; and Se had
coefficients of variations less than 50 percennist cities
so it would be difficult to eliminate a city based one low
coefficient of variation. Therefore, those citiesithw
coefficients of variation less than 50 percent fioe or
more pollutants were identified as having inadeguevels
of variation. City- and pollutant-specific coeffeits of
variation are presented in Tables A-4 and A-7 of th
Appendix.



Criterion 4: Correlation Among Criteria
Air Pollutants and Particulate Matter

Constituents

Ideally in a selected city correlations between ,RNnd
constituents and the other criteria pollutants doble
strong. In contrast, correlations among the padieu
matter constituents should be low. Some of pollistde.g.,
selenium and chlorine) will have low correlationsthw
PM, s in the majority of cities or be highly correlatézlg.,
elemental carbon and organic carbon) in the mgjaoft
cities. Therefore the following exclusion criteri@ere
developed: Strong correlations?(R 0.49) with PM s must

Criterion 5: Relationship of Correlations

to the Coefficient of Variation

As described in Chapter 9, low correlations between
pollutants may be caused by low coefficients ofatan of
either pollutant. In Table 10-1, those cities whédogv
correlations could be due to low variability ardicated by
bars shaded in gray.

Cities Meeting Criteria 1-5
According to Table 10-1, the 11 metropolitan ane&ting
the above criteria are:

be present with over 50 percent of the other patitg; and Atlanta, GA Baltimore, MD
R? > 0.49 can only occur between less than 10 permgnt Boston, MA Springfield, MA
the potential constituent combinations describe@hapter Edison, NJ Newark, NJ
8. These coefficients of determination are showi ables Cleveland, OH Pittsburgh, PA
A-8 through A-17 of the Appendix. Providence, RI Salt Lake City, UT
Milwaukee, WI
Table 10-1.  Selection Criteria for Identifying Metr  opolitan Areas for Enhanced PM Speciation Monitorin g, 49 STN Monitors, 2001-
2005
2 2
City Too High/Lo_w Too High/Low Cc_)ef_ficient of Rpaf:fng%m:n R?> 0.49 between Loivoszﬂlij:niooiow
Population Size PM,s Levels Variation < 50% . constituents o
pollutants variation
Birmingham, AL High
Phoenix, AZ Low
Bakersfield, CA High
Fresno, CA High
Oxnard, CA
Riverside, CA High
Sacramento, CA
San Diego, CA
San Jose, CA
Denver, CO Low
Washington, DC
Miami, FL Low
Tampa, FL Low
Boise City, ID Low
Chicago, IL

Indianapolis, IN
Baton Rouge, LA
Baltimore, MD
Boston, MA
Springfield, MA
Detroit, Ml
Minneapolis, MN
Gulfport, MS
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Table 10-1.  Continued

Too High/Low

City PM,s Levels

Population Size

Coefficient of
Variation < 50%

Low R? due to low
coefficient of
variation

R? < 0.49 between
PM.s and other
pollutants

R?> 0.49 between
constituents

Kansas City, MO
St. Louis, MO
Missoula, MT
Omaha, NE
Reno, NV
Rockingham, NH
Edison, NJ
Newark, NJ
New York, NY
Charlotte, NC
| Cleveland, OH |
Tulsa, OK
Portland, OR
Philadelphia, PA
Pittsburgh, PA
Providence, RI
Charleston, SC
Memphis, TN
Dallas, TX
El Paso, TX
Houston, TX
| salt Lake City, UT |
Burlington, VT
Seattle, WA
[ Milwaukee, WI |

Low
Low

Low

Low
Low

Low
Low

Geographical Distribution

An additional consideration not previously discusgethe
geographical distribution of selected cities. Thowe list
of cities does not represent well the Western pérthe
United States while Northeastern cities appeareto\erly
represented. In the West, San Diego, CA and Sacrtame
CA met four out of five criteria and was excludetdyoby
the low correlation between PMand selenium possibly
due to the minor contribution of coal combustiom the
Northeast, Springfield, MA and Edison, NJ may bepgred
in preference to their larger neighbors.
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Conclusion

In this report we developed a methodology for deigc
cities for daily speciation monitoring. As an iltcegtion of

this methodology we applied the 5 design critedathe
ambient air quality data from 2001-2005 of 49
meteropolitan areas. Based on these results and in
combination with consideration to geographical
distribution we generated the following list of potial

candidatemetropolitan areas for enhanced air qualit
monitoring;
San Diego, CA Atlanta, GA
Baltimore, MD Boston, MA
Newark, NJ Cleveland, OH
Pittsburgh, PA Providence, RI
Salt Lake City, UT Milwaukee, WI
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