AE3
AORGA
AORGB
AORGPA
APLT

AU

BC

BEIS
BOTW

C

CAIR
CALPUFF
CASTNet

CBM-1V or CB-IV

CEM
CENRAP
CH,
CMAQ
CMAS
CO
D.C.or DC
DDM
DRI

EC

EDT
EMS
EPA

EPS

EST

FIPS
FRM

FT

List of Acronyms

Third generation modal CMAQ aerosol model
Anthropogenic secondary organic aerosol

Biogenic secondary organic aerosol

Primary organic matter

Appalachian Lee Trough

Analytical Uncertainty

Black Carbon (aerosol)

Biogenic Emissions Inventory System

Beyond On the Way (emission scenario)

Carbon

Clean Air Interstate Rule

California Puff Model

Clean Air Status and Trends Network

Carbon Bond Mechanism, Version 4, gas phase chemistry module
Continuous Emission Monitoring

Central Regional Air Planning Association
Methylene

Community Multiscale Air Quality modeling system
Community Modeling and Analysis System (modeling center)
Carbon Monoxide

District of Columbia

Direct Decoupled Method

Desert Research Institute Sequential Filter Sampler
Elemental Carbon

Eastern Daylight Time

Emissions Modeling System

U.S. Environmental Protection Agency

Emissions Preprocessor System

Eastern Standard Time

Federal Information Processing Standards

Federal Reference Method for PM2.5 Sampling
Free Troposphere
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GEOS-CHEM

GOCART

Hr
HY-SPLIT
1/0 API
1D

IMPROVE

ISORROPIA

LFT

LLJ
MACT
MANE-VU
MAQSIP
MARAMA

MCIP

MD
MDE
MM5
MODIS
MRPO
MSA
MSL
NAA
NAAQS
NADP
NEI
NESCAUM
NH
NH;

List of Acronyms

Goddard Earth Observing System with Chemistry (Global
Chemical Transport Model)

Goddard Chemistry Aerosol Radiation and Transport (GOCART)

model
Hour
HYDbrid Single-Particle Lagrangian Integrated Trajectory Model
Input/Output Applications Programming Interface
(site) Identifier

Interagency Monitoring of Protected Visual Environments (air
quality monitoring network)

Aerosol Thermodynamic Equilibrium Model (Note:
ISORROPIA, “equilibrium” in Greek)

Lower Free Troposphere

Nocturnal Low level Jet

Maximum Available Control Technology
Mid-Atlantic Northeast Visibility Union

Multiscale Air Quality Simulation Platform
Mid-Atlantic Regional Air Management Association

Meteorology-Chemistry Interface Processor—processes MM5
output for CMAQ

Maryland

Maryland Department of the Environment
Penn State-NCAR Mesoscale Model 5
MODerate Imaging Spectrometer
Midwest Regional Planning Organization
Metropolitan Statistical Area

Mean Sea Level

Non-Attainment Area

National Ambient Air Quality Standard
National Atmospheric Deposition Program
National Emissions Inventory

Northeast States for Coordinated Air Use Management
New Hampshire

Ammonia
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NH,
NJ
NJDEP
NO
NO,
NOs
NO,
NO,
NYSDEC
ocC
oM
OPP
oTB
oTC
OTR
PA
PAMS
PAVE
PBL
PBW
PM
PM2.5
PMF2
RACT

RAMMPP

REMSAD
RH

RMSc
RPO

RRF

SCC

SIC

List of Acronyms

Ammonium

New Jersey

New Jersey Department of Environmental Protection

Nitric Oxide

Nitrogen Dioxide

Nitrate

Reactive oxides of nitrogen, the sum of NO and NO,

Total reactive nitrogen oxides

New York State Department of Environmental Conservation
Organic Carbon

Organic Matter

Other inorganic Primary PM2.5, also Soil/Crustal Material
On the Books

Ozone Transport Commission

Ozone Transport Region

Pennsylvania

Photochemical Assessment Monitoring Stations

Package for Analysis and Visualization of Environmental data
Planetary Boundary Layer

Particle Bound Water

Particulate Matter

Particulate Mass of aerosols less than 2.5 microns in diameter
Positive Matrix Factorization model version 2

Reasonably Available Control Technology

Regional Atmospheric Measurement, Modeling and Prediction
Program

Regional Modeling System for Aerosols and Deposition
Relative Humidity

Root Mean Square error after Correcting for the bias
Regional Planning Organization

Relative Response Factor

Standard Classification Code

Standard Industrial Classification code
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SIP
SMOKE

SO,

SO,

SOA
SOIL
SORGAM
STN

STNr

STNs

SW
TEOM
UAM

g m®yr
UMBC
UMD
UNMIX
URM-1ATM
us

UTM

uv

VA
VADEQ

VISTAS

VOC
WNW
wv

List of Acronyms

State Implementation Plan

Sparse Matrix Operator Kernel Emissions modeling system, the
emissions preprocessor for CMAQ

Sulfur Dioxide

Sulfate

Secondary Organic Aerosols
Crustal Material

Secondary Organic Aerosol Model
Speciated Trends Network

Speciation Trends Network—Thermo Scientific Reference
Ambient Air Sampler

Speciation Trends Network—Met One Instruments Speciation Air
Sampling System

Southwest

Tapered Element Oscillating Microbalance instrument
Urban Airshed Model

Micrograms per cubic meter per year

University of Maryland Baltimore County

University of Maryland College Park

Multivariate receptor model to deduce aerosol sources
Urban-to-Regional Multiscale — One Atmosphere Model
United States

Universal Transverse Mercator projection

Ultraviolet

Virginia

Virginia Department of Environmental Quality

Visibility Improvement State and Tribal Association of the
Southeast

Volatile Organic Compounds
West Northwest
West Virginia
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Executive Summary

1. This report contains an analysis of Speciated Trends Network (STN) data
collected at Essex, Maryland for the period January, 2001-October, 2003. Data is
also available from the monitor located at Fort Meade, Maryland. However,
concentrations were measured only every 6 days at Fort Meade and, with a
relatively large number of missing data days, the data set was not sufficiently
robust to provide the statistical depth of analysis necessary for this study.

2. The STN monitor at Essex is located at 39.31°N, 76.47°W or approximately 10
miles E of Baltimore Inner Harbor. The local area is primarily residential and
light industrial but there are a number of significant interstate highways and large
arterial roads quite close to the monitor.

3. In addition to analyzing the entire data set at Essex, this analysis also investigated
several subsets of data. These subsets included monthly and seasonal averages,
the extremes of the distribution (10th and 90™ percentile), and a set of high PM; s
episodes. The episode analysis includes a study of the unique data set of daily
(rather than every third day) observations taken during July, 2002.

4. As is typical of observations from the eastern US, the major constituents of PM; s
at Essex are ammonium (NHy), sulfate (SO4), organic carbon (OC), elemental
carbon (EC), and nitrate (NO;3). The relative fraction of OC, whose primary
source is motor vehicle emissions, is uncertain. As measured by the STN
monitors, it accounts for 23% of total PM, s but its actual contribution is certainly
higher as carbon particles also contain additional elements not directly measured.
A correction factor (K) is typically applied to account for this additional amount of
material and varies with type of particle and age. The range of k ranges from 1.4
to as much as 2.4 depending on the type and age of air mass measured.

5. Essex, due to its near urban location, is expected to sample air masses with high
concentrations of OC. However, PM; s is most closely correlated with SOy (r =
0.78) and NH4 (r = 0.83). OC has a lower correlation (0.60) and its
concentrations in high PM; 5 cases (PM; 5 > 30 |,tgm'3 ) are highly variable.

6. In terms of the seasonal cycle, SO4 concentrations are highest in the summer
(JJA) and account for nearly 50% of the PM, s mass. Correlations for SO4 (0.95)
and NH4 (0.92) are extremely strong in the summer months. OC has a bimodal
seasonal signal with highest concentrations in both winter and summer seasons.
EC, mainly from primary emissions, shows little seasonal differences. NOs is
highest in the winter months but accounts for a small total fraction - ~ 12%.

7. Winter season PM; s is dominated by OC and NHy and appears to be driven by
local emissions. In winter, the correlation between OC and EC (0.77) is much
higher than in the summer months (0.26) suggesting that local, primary emissions
are important.
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The 90™ percentile of PM, 5 cases (> 30 pgm™) is strongly weighted (65%) to the
summer season and SOy is the most strongly correlated constituent in these cases
(0.78).

Toxic compounds measured at Essex are difficult to assess because a large
fraction of observations are below the method detection limit (MDL). There are
no clear correlations between toxic compounds and PM; s overall or in high PM; s
cases.

. Weather patterns associated with summer season high PM, s cases are, in many

respects, quite similar to high O; cases. A strong upper level ridge of high
pressure is typically located over or west of the mid-Atlantic in both PM; 5 and O;
cases. This alignment leads to consistent westerly transport of pollutants into the
region. On a daily basis, O3 and PM, 5 peaks often, but not always, coincide. The
main factor that limits peak O3 in summer — cloud cover and convection — has a
lesser impact on 24-hour average PM, s concentrations.

In the winter season high PM, s cases, a strong upper level ridge is also present
along with westerly transport aloft. However, winter season PM; 5 cases are more
likely to be characterized by significant stagnation near the surface and by a very
stable boundary layer — often enhanced by snow cover.

Low PM,; s cases are characterized by a weather pattern of an opposite phase as
high PM; 5 cases. Aloft, a trough of low pressure replaces the ridge, wind speed
are much higher, and the source of the air mass entering Maryland is from the
north and northwest - rural Canadian in origin.

A closer analysis of specific multi-day PM; s cases in summer shows that large
increases in PM,s are driven primarily by increases in SO, concentrations.
Although some episode days do include periods of stagnation, the longer range
sources of the stagnant air masses are to the west of the region.

Winter season multi-day episodes are characterized by stagnation and a very
stable boundary layer. This traps pollutants by limiting both vertical and
horizontal mixing. OC is the most dominant constituent in these cases.



Section 1. Introduction

Fine particulate matter with aerodynamic diameter of < 2.5 pm (PM;s) has been
measured on a routine basis across the United States beginning in 1999 — although
scattered locations, primarily through the EPA IMPROVE program, have measured PM; s
for more than a decade.

Total mass measurements are useful for determining the relative magnitude of the
public health problem posed by PM; s and the local and regional scale of the phenomena.
A previous study prepared for the Maryland Department of the Environment looked at
the overall concentrations of PM2.5.1

Total mass measurements cannot determine the relative importance of different
type and sources of pollution and so provides little guidance on optimal control strategies.
Data on specific constituents of PM; s are provided by Speciated Trends Network (STN)
monitors. This study looks at PM,s data from the STN monitors in Maryland and
focuses on the site operated by the Maryland Department of the Environment at Essex,
Maryland. The goal of this study is to determine the relative importance of various
constituents of PM;s to total mass. While an analysis of this dataset cannot identify
specific sources of pollution, it can provide detailed information on categories of sources
and therefore provide insight into preferred control strategies.

'Ryan, W.F., and P. Mangione, PM,s in Maryland: Visualization, Statistics and
Preliminary Conceptual Model, report prepared for the Maryland Department of the
Environment, December, 2003.



Section 2. The STN Monitor at Essex, Maryland

a. Location of Monitor and Characteristics

Our analysis focuses on data collected at the STN monitor at Essex, Maryland. Data
is also available from the monitor located at Fort Meade, Maryland. However,
concentrations were measured only every 6 days at Fort Meade and, with a relatively
large number of missing data days, the data set was not sufficiently robust to provide the
statistical depth of analysis necessary for this study.

The STN monitor at Essex is located at 39.31°N, 76.47°W or approximately 10 miles
E of Baltimore Inner Harbor (Figure 2.1). The neighborhood surrounding the monitor
site is primarily residential and light industrial (Figure 2.2). The monitor is on a quiet
side street although it is close to a busy arterial street (Eastern Avenue) with traffic flow
of ~ 30,000 vehicles per day (Figure 2.3). In addition to Eastern Avenue, a number of
large interstate routes encircle the area (within a radius of 1-2 miles) including the
Baltimore Beltway (I-695) (Figure 2.4). Large point sources associated with power
plants or heavy industrial sites are located at a greater distance (7-10 miles) but may also
impact the monitor. These include Bethlehem Steel at Sparrows Point and power plants
at Brandon Shores (Figure 2.5 and Figure 2.6).

The location of the Essex monitor suggests that it will be impacted primarily by
motor vehicle emissions with intermittent impacts of large point sources. The unknown
component is the impact of longer range, or regional, sources.

b. STN Sampler

The STN monitor located at Essex is one of a handful of STN monitors in the region.
The purpose of the monitor is to determine the relative contributions of various
constituents of PM; 5 to the total mass measured. The main constituents of PM, 5 include,
but are not limited to, sulfate (SO4), nitrate (NO;), ammonium (NH,), elemental carbon
(EC), and organic carbon (OC). EC is often referred to as “black” carbon.

The Essex monitor is a RAAS-401 sampler set up as a 4-stage filter system. The
sampler is more fully described in Appendix A. A short description is included here to
assist in understanding the later data analysis sections. The RAAS-401 operates by
directing a stream of ambient air into 4 distinct channels (Appendix A, Figure Al).
These channels, or stages, measure various groups of PM; s constituents.

Stage 1: EC and OC

The first stage captures sampled air particles on a quartz filter that is analyzed for
concentrations of EC and OC. Because carbon compounds are ubiquitous, the quartz
filters may already contain measurable concentrations of carbon compounds prior to
deployment at the field site. To account for this, measured values of carbon are adjusted
by subtracting an approximate value for the concentration of carbon found on clean



filters. To meet sampling protocol, the concentration of carbon was measured on
approximately 100 clean filters. An average concentration of pre-existing carbon was
calculated and then subtracted from each measured sample concentration. The resulting
values for OC and EC, as reported in this study, are considered to be “blank corrected”.
The adjustment for pre-existing carbon represents one of many uncertainties involved in
the measurement of carbon compounds (Turpin and Lim, 2001; Subramanian et al.,
2004). A brief discussion of other uncertainties is included in Appendix B.

Stage 2: Total PM, s Mass and Trace Elements

The second stage captures total particulate mass of particles less than 2.5 um in
diameter on a Teflon filter. The filter is weighed in the lab before deployment in the field
and again after collecting a 24-hour sample. The resulting difference in the weights of
the filter, combined with the 24-hour flow rate, yields the total concentration of
particulate mass. After weighing, the filter is subjected to x-ray analyses to generate the
concentrations of 48 trace elements®. A subset of elements, highlighted in bold in
Footnote 1, are considered toxic elements. The measured mass concentration of toxic

elements tends to be small; typically less than 0.01 pg m™.

Every measured element has a specified method detection limit (MDL) that is
calculated at the laboratory and is based on uncertainties and measurement limits in all
aspects of the measurement process, from the sample flow rate to the analysis conducted
in the lab. The MDL is unique to each element. For the toxic elements analyzed in this
report, 5 have well known MDL values. In a not insignificant number of cases, the
measured concentration of a specific toxic element is below its known MDL; therefore,
the measured value cannot be considered reliable. Table 2.1 lists the MDL of these 5
toxic elements and the percentage of cases which yielded concentrations below the MDL.
Clearly, there are a significant number of cases in which the measured concentration is
less than the MDL for a given toxic element. For lead (Pb), the measured value is below
the MDL in almost a quarter of the total cases. This leads to a lack of confidence in the
concentrations of the toxic compounds, and by extension, the trace elements as a whole.

Stage 3: Anion and cations

A Teflon filter on the third stage of the sampler is analyzed for specific anions
(negatively charged ions) and cations (positively charged ions) using ion
chromatography. The measured ions include sodium (Na), potassium (K), NH4 and SO,.
The confidence level in these measurements is high, in part because the measured

! Antimony, Arsenic, Aluminum, Barium, Bromine, Cadmium, Calcium, Chromium, Cobalt, Copper,
Chlorine, Cerium, Cesium, Europium, Gallium, Gold, Iron, Hafnium, Lead, Indium, Iridium, Lanthanum,
Manganese, Magnesium, Mercury, Nickel, Niobium, Phosphorous, Potassium, Rubidium, Selenium,
Samarium, Scandium, Selenium, Silicon, Silver, Sodium, Strontium, Sulfur, Tantalum, Terbium, Tin,

Titanium, Tungsten, Vanadium, Yttrium, Zinc, and Zirconium.

?An ion in this application refers to a molecule that has acquired an electric charge by the loss or gain of
one or more electron. An example of an anion is SO4>, which has gained two electrons, and an example of
a cation is NH,", which has lost one electron.



concentrations are well above the MDL for each element. For example, the MDL for
sulfate measured with the RAAS-401 is 0.011 pg m~ while the lowest measured
concentration found during this study period is 1 pgm™.

Stage 4: Nitrate

The fourth filter stage is set up to capture particulate NO; on a nylon filter. Nylon
is used because it has a special affinity for nitrate. NOs occurs in particulate form as
ammonium nitrate (NH4NOs3), which readily dissociates into nitric acid (HNO;) and
ammonia (NHs3) vapors. To avoid measuring gas-phase nitrate, the sampled air is passed
though a magnesium oxide (MgO) denuder to remove nitric acid.

Element MDL Percent of cases
(ug m™) < MDL

Arsenic 0.001 47.5

Chromium 0.0006 59.1

Lead 0.0022 20.2

Manganese 0.0009 20.2

Selenium 0.0009 31.0

Table 2.1 Method detection limits for toxic elements.



Figure 2.1. Location of Essex monitor relative to the City of Baltimore and surrounding
highways (Figure courtesy Google Earth).



Figure 2.2. Satellite image of location of Essex monitor (Google Earth).
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Figure 2.3. Street scale location of the Essex monitor



Figure 2.4. Larger scale satellite image of Essex monitor showing local highway system
(Google Earth).



Figure 2.5. Satellite image of Essex monitor location relative to the metropolitan
Baltimore region (Google Earth)



Figure 2.6. Location of large point sources near the Essex monitor, and insert shows the
Brandon Shores power plant at bottom left of main image (Google Earth).



Section 3. Data Set Description

The data from the Essex monitor analyzed for this report is available from the
EPA through the MARAMA website (http://www.marama.org/Projects). Measurements
have been taken at this site since October, 2000 and continue today. The dates used for
the analyses in this report are 1/31/2001 through 10/12/2003. As noted above, the dataset
from Fort Meade was significantly less comprehensive and not sufficient for the analysis
undertaken here. For details on previous measurements at Fort Meade, see Chen et al.,
2002.

While the standard STN dataset consists of data samples collected every three
days, samples were taken daily at Essex during July of 2002. For consistency, and so that
the daily sampling in 2002 did not unfairly bias the statistical calculations, we reduced
the July 2002 data so that every 31 day sampling was represented. We retained the data
which would have been captured using the standard, every 3-day sampling protocol, and
set the remaining July 2002 data aside. The daily observations in July 2002 are a unique
dataset and are separately analyzed as a case study in Appendix C. Additionally, we
discarded the data for July 7, 2002, because the organic carbon component was
overwhelmingly enhanced (ten times “normal” concentrations) by smoke advected into
the region from forest fires in Quebec (Debell et al., 2004). For consistency, we
eliminated the data for all species and PM, 5 for this date. There were a total of 89 cases
with no data reported, which represents approximately 27% of the total possible number
of cases for data capture.

In addition to analyzing the dataset in its entirety (i.e. 1/31/2001 — 10/12/2003),
we subdivided the data for three separate analyses. First, the data were aggregated into
seasons using standard meteorological conventions as shown in Table 3.1. Second, a
subset of very high and very low concentration cases were selected. Based on the
distribution of all PM, 5 values, the 9o percentile at Essex was chosen to define the high
PM, s cases, as shown in Figure 3.1. Because the dataset is skewed to the right (higher
PM,5), the selection of low PM; s cases is made more arbitrarily and were chosen so that
the total number of high and low PM,s cases are approximately the same. This
subdivision generated 17 low PM; s cases (PM,s < 6.5 ],Lgm'3 ) and 21 high PM, s cases
(PM,.5s > 30 pugm™). The third, and final, disaggregation of the dataset coincided with a
selection of MARAMA-defined “clean” and “dirty” regional scale episodes. (see
Appendix D for this list). For the time period of our study, MARAMA defined 6 “dirty”
episodes, where the average high PM,s concentration was 57 pg m~, and 5 “clean”
episodes where the average high PM, s concentration was 17 pug m>. These episodes
ranged in duration between 7 and 16 days. With our 3-day sampling protocol, we
generally have only a couple of data points in each episode. In one case we only had 1
data point to represent this episode and in another we had zero points. To amass a
reasonable dataset to describe the clean and dirty MARAMA episodes, one date on either
side of the beginning and end of the episodes was added, resulting in 24 dirty dates and
22 clean dates. For the episodes in which we had sufficient data capture to look at Essex
results versus the other MARAMA sites, we were able to conclude that the episodes had
a regional nature to them, as Essex values largely matched values found at other
MARAMA sites.


http://www.marama.org/Projects
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Figure 3.1 Frequency distribution of PM; s concentrations at Essex

Winter (48 cases) Spring (65 cases) Summer (72 cases) | Fall (58 cases)
December March June September
January April July October
February May August November

Table 3.1 Division of months and total number of cases for each season




Section 4. Statistical Summary

There are five constituents (or species) that account for more than 80% of the total
PM, s mass. These elements, their annual averages, and the annual averages of PM, s are
shown in Table 4.1. Figure 4.1 shows the breakdown, in percentages, of the annual
averages of the main constituents of PM,s. The biggest fraction of PM;s is SOy,
followed by OC. No correction factor for OC, discussed more fully below, is applied at
this stage of the analysis. The concentrations observed at Essex are nearly identical to
those measured during a study at Fort Meade in 1999-2000 (Chen et al., 2002). The only
significant difference is a higher percentage of NO3 (12% compared to 8%) measured at
Essex than Fort Meade. This difference may be due, in part, to a smaller frequency of
winter season measurements made in the Fort Meade study or to local emissions
differences between the two sites. The relative contribution of each main constituent
measured at Essex is also consistent with observations at urban and near urban locations
in New York State (Schwab et al., 2004).

Q) Organic carbon and reconstructed mass

The calculation of the concentration of PM,s is done gravimetrically, while the
concentrations of the key constituents are determined chemically. The gravimetric
calculation is simply the difference between the mass on the dirty filter versus the mass
on the clean filter. Summation of the chemically measured components should yield a
value comparable to the gravimetrically measured PM,s. However, this is often not the
case. Typically, the sum of the chemically measured constituents is less than the
gravimetric mass. As noted in Figure 4.1, this fraction (noted “Other”) is not
insignificant. One reason for the sum of the chemically measured components being less
than the total PM; s is the calculation of total organic aerosol (OA), which is a function of
the concentration of organic carbon,

[OA] =k * [OC],

where K represents the average molecular weight per carbon weight of a variety of carbon
compounds.

In other words, carbon compounds emitted from primary sources (e.g., motor
vehicle exhaust) contain atomic carbon chemically bound to other elements. Benzene
(C¢Hg), for example, contains carbon and hydrogen atoms. Atomic oxygen and nitrogen
are also commonly found, along with carbon, in emissions of this type. As the primary
emissions linger in the atmosphere, they undergo further reactions, most often oxidation
by the ubiquitous hydroxyl radical (OH), to form additional compounds. In the final step,
particles are formed from these compounds that can contain a very heterogeneous mix of
elements. As a result, the particles measured at the STN monitor, while containing
carbon, will also contain a highly variable mix of other elements. The exact nature of the
mixture, and hence the “correct” value for k, varies with a large number of factors,
including season, time of day, and location. The value of k can also be a representation
of the age of the air mass. Aged air masses are more likely to be subject to oxygenation
and thus become “heavier” — i.e., a larger k value is appropriate. In general, higher
values of k indicate a more aged air mass. Values for k used in previous studies (Tanner



et al., 2004; Turpin and Lim, 2001) have ranged between 1.4 and 2.4. The Essex site, in
close proximity to a number of highways, is likely subject to “fresh” carbon emissions
from auto exhaust. This suggests a low k value should be used. However, Essex may
also be impacted by regional scale (aged) air masses. The large fraction of SO, noted in
Table 4.1 and Figure 4.1 suggests a substantial, although likely highly varying, regional
impact. In fact, the mix of local motor vehicle exhaust and regional scale transport may
result in a value of k that changes significantly on a day-to-day basis and may even
change within a given day. For example, early morning measurements may include a
larger fraction of automobile exhaust, trapped in the nocturnal boundary layer, while
afternoon observations, sampling a well-mixed layer including transported air parcel in
the residual layer, and may be more regional in nature. In this work, a value in the
middle of the typical range of k (1.9) is applied when calculating the reconstructed mass
(RM),

RM =k * [OC] + [EC] + [NOs] + [SO4] + [NH,] + Trace + fi(Crust) + f»(Salt).

A thorough discussion of the k factor, its history, what is represents, and typical values
measured in laboratory work can be found in Turpin and Lim., 2001.

The ratio of the gravimetric mass to the reconstructed mass is given in Figure 4.2.
For the majority of cases in this study (76.44%), the reconstructed mass was larger than
the gravimetrically measured mass. There may be many possible reasons for the
difference in total mass measured and reconstructed. Two likely reasons are:

1. The gravimetric measurement of PM; s suffers from a loss of semi-volatile material.
The factor used to convert organic carbon concentration to organic aerosol
concentration is too high.

The difference in the ratio of gravimetric mass to the reconstructed mass using
different k values is shown in Table 4.2. As expected, the percentage of cases with an
RM value greater than the PM; 5 value increases along with k. An interesting feature of
Figure 4.2 is the seasonal cycle in the PM; 5:RM ratio. In winter, the ratio is consistently
< 1 (RM > PM;,s). The seasonal difference may reflect greater loss of semi-volatile
matter in the cooler winter season, perhaps due to volatilization of NOs which forms a
higher fraction of PM; s or differences in the structure of carbon compounds by season.

(i) Annual Average Concentrations

Using all of the data for the available time period (1/31/2001 — 10/12/2003),
correlations were calculated using simple linear regressions for each key constituent and
total PM,s. The complete sets of resulting correlation coefficients are listed in Appendix
E. As can be seen in Figure 4.3, NH, and SOy are highly correlated with PM; 5, which is
expected because a large fraction of the aerosol is composed of ammonium sulfate (see,
Figure 4.1). Figure 4.3 also illuminates the bimodal nature of the relationship between
sulfate and PM,s. While, in the majority of cases, SOy rises linearly with PM; s mass
there is also a subset of cases, also linearly organized, with a distinctly flatter slope. In
these cases PM,s can rise to near the Code Orange range (40.5 pg m™) with SO,
concentrations remaining below 10 ug m™. The flat sloped line of observations (i.e.,




PM,5 > 25 pg m™ and SO4 <10 pg m™) consists entirely of winter or late fall cases and
1llustrates the seasonal variations in PM, s constituents that will be discussed in more
detail below.

Overall, OC is also a large fraction of the total aerosol, and is relatively well
correlated with PM, s, while EC is not well correlated with PM,s. This is shown in
Figure 4.4. Concentrations of OC in Figure 4.4 are shown without application of the k
(correction) factor (see discussion of k above). The insertion of a k-factor will increase
the total concentrations of OC and vary the slope line but will not affect the correlation
coefficient or overall pattern of the plot. The lack of correlation between EC and PM; s
reflects, in part, the location of the Essex monitor. With major roadways situated nearby
on all sides, the influx of primary emissions from car exhausts — the main source of EC —
is expected to be nearly constant at Essex regardless of weather conditions and this
appears to be the case. Concentrations of OC are more variable, particularly in the higher
end of the PM, s distribution. In fact, 9 of the highest 10 OC cases occur in the winter
season (if November is included) as well as 70% of the top 20 cases.

Nitrate, on the other hand, is not well correlated with any other key constituent or
with PM,s. The absence of a correlation between PM; s and nitrate (or EC) most likely
reflects nearby emission sources from motor vehicles. Linear regression analysis applied
to the toxic components generated no relationships among the constituents or between the
toxic and the key constituents.

(iii) Monthly Averages

Figure 4.5 shows the monthly average concentrations for the 5 key constituents.
SO, exhibits a strong seasonal cycle with peak concentrations occurring during the
summer months. Elemental carbon does not have a strong seasonal cycle. EC is a
primary pollutant and strong nearby motor vehicle sources have little seasonal variation
in emissions rates.

OC shows both winter and summer season peaks with a minimum in spring and
fall. OC comes from a variety of sources. A large fraction is due to motor vehicle
emissions but there are also contributions from the combustion of oil products for
residential heating and industrial processes as well as natural sources. OC can be primary
(e.g., by-products of combustion) but a large, and highly variable fraction, is secondary in
nature. Secondary organic aerosols (SOA) form efficiently in a strongly oxidizing
atmosphere. This accounts for the summer season maximum. In the winter season, the
maximum in OC is likely dominated by primary emissions and the effects of strong low
level inversions trapping local emissions. Examples of these effects will be seen in the
case studies that follow.

Nitrate has a seasonal cycle with the highest values in the winter months and
lowest in the summer months. The cool and moist conditions in the winter months are
favorable for nitrate formation. There is also more ammonium available to form
ammonium nitrate in the winter when sulfate values are relatively low. NH4 bonds
preferentially with SO4 so that high sulfate concentrations found during the summer
months favor ammonium sulfate formation rather than ammonium nitrate formation.



(iv)  Seasonal Variations

The data was divided into 4 seasons defined as defined in Table 3.1. Using this
seasonal breakdown of data, linear regressions were applied and correlation coefficients
were calculated. The full set of correlation coefficients is in Appendix F. The best
correlations are found between total PM,s, sulfate, and ammonium, and the highest
correlation coefficients between these constituents are found in the summer months.
Figure 4.6 and Figure 4.7 illustrate this. The good correlations between PM; 5, SO, and
NH4" in the summer months echoes the correlations found using the entire dataset.

Correlations between organic and elemental carbon are shown in Figure 4.8. They
are not well correlated in the summer season when conditions are favorable for secondary
organic aerosol formation. In the winter, the formation mechanism for SOA is essentially
shut off so the main source of carbon is primary vehicle exhaust; thus a much tighter
correlation exists between the carbon components.

(v) Low and High PM,5 Cases

The full dataset was subdivided in order to look at the days with the highest PM; s
concentration values. The 90™ percentile was determined using the histogram shown in
Figure 3.1. The resulting datasets were analyzed using linear regression to see what
correlations may or may not exist between the species and PM,s. The resulting
correlation coefficients are shown in Appendix G.

The majority (13 out of 20) of the high PM,s cases occurred in the summer
months when meteorological conditions are ripe for secondary aerosol formation. The
resulting correlation coefficients from the high PM; s dataset show a strong relationship
between PM,s, NH4", and SO,, but, there is very little correlation between OC and
PM,s. This follows the pattern shown in Figure 4.4 where OC concentrations vary
considerably in high PM; s cases. This reflects the summer season bias of high PM; s in
Maryland. The relationship of winter and summer season cases and SOy is shown in
Figure 4.9. For this plot, five winter cases of high PM; s mass are indicated by a circle.
In these cases, PM; 5 is quite high but SO4 remains at low concentrations. When these 5
cases, along with the highest PM, s value (which may be an outlier), are removed, the
correlation coefficient between sulfate and PM, s is considerably improved, to 0.78.

The majority (12 out of 17) of the low PM; 5 cases occurred during the transitional
seasons of spring and fall. The resulting correlation coefficients from the low PM; s
dataset show a relationship between ammonium and nitrate, and ammonium and sulfate,
shown in Figure 4.10, while a weaker relationship exists between organic carbon and
sulfate (* = 0.517).

d. Toxic Compounds

The lists of toxic compounds that are measured from the Teflon filter were given
in Section 2. The sources of these toxic elements are both natural and anthropogenic.



Many of them are natural elements of the Earth’s crust (i.e. Arsenic, Cadmium, Mercury,
Chromium, Cobalt, Manganese, Nickel, Phosphorus, Selenium). Many of them are found
in auto exhaust (i.e. Lead, Nickel, Manganese). Most of them are the products of
industrial processes.
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Figure 4.6 Relationship between sulfate and ammonium ions and PM; s mass during the
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Table 4.1 Annual averages (ug m'3) of PM, s and its constituents. Note: No correction

Element 2001 2002 2003*
PM, 5 16.47 16.08 16.18
SO4 5.52 5.06 5.64
oC 4.04 391 3.10
NH4 2.09 1.91 2.15
NO3 1.99 1.77 1.87
EC 0.61 0.74 0.58
Trace 0.24 0.27 0.25

*2003 data is not a complete year (ends 10/12/2003)

factor (k) applied to OC at this stage.




k value Number cases <1 | Percent cases < 1
1.4 94 39 %
1.9 185 76 %
24 229 95 %

Table 4.2 Relationship between k-value and the number of cases where the reconstructed
mass is greater than the gravimetric PM2.5 mass

Section 5. Meteorology of High and Low PM, s Cases



Because the relative importance of the constituents of PM,s change season by
season (see, Appendix E), it is possible that the weather patterns conducive to high PM; s
also have seasonal differences. As a result, this section, presenting the meteorology of
high PM, s cases, will be separated by season with composite weather patterns for both
winter and summer high PM; s cases presented.

Q) Summer Season

The larger (synoptic scale) weather pattern for summer season high PM; 5 cases
are similar, in many respects to high Os cases (see, Ryan et al., 1998 and Chen et al.,
2003). In the upper troposphere, a strong ridge of high pressure is present. This ridge
is significantly stronger than average conditions (Figure 5.1). The presence of an
amplified upper level ridge means that vertical motion will be limited. In particular,
locations at or east of the ridge’s major axis will be characterized by subsidence, or
downward, motion.

The presence of an upper air ridge, and its attendant subsidence field, suppresses
cloud formation. Plots of average outgoing long wave radiation (OLR) measurements
during these cases (not shown) are near maximum values. High values of OLR mean
that there are few, or no, clouds to block the radiation emitted by the earth’s surface.
The lack of clouds is one of the reasons why this large scale pattern is conducive to
high O; concentrations. PM, s concentrations can also be enhanced under sunny
skies, for example, formation of secondary organic aerosols is enhanced in a highly
oxidizing (sunny) environment. Although the large scale weather pattern discussed
here is conducive to multi-pollutant episodes, high O; and PM; s do not always occur
simultaneously. For the thirteen highest summer season PM cases at Essex, only 4
were also Code Red O; cases in the Baltimore metropolitan area. A number of
factors can affect O; but not PM,s. For example, afternoon cloud cover, and
convection, can reduce 8-hour O3 concentrations markedly but have only a limited
impact on PM;s.

In addition to clear skies and a strong upper level ridge, high PM, 5 cases are also
characterized by moist conditions in the boundary layer. In Figure 5.2, relative
humidity at 850 mb (~ 1500 m) is shown. While relative humidity in these cases is
only slightly higher than normal for summer for this region, it is moist in an absolute
sense. Temperatures at this level are much higher than average, as is also consistent
with high O; cases (Figure 5.3).

The near surface wind and pressure fields are also quite similar to high O; cases.
With a strong upper level ridge just west of the region, surface high pressure tends to
form over the mid-Atlantic or just slightly west. Often a high pressure area of
continental origin will move west into the mid-Atlantic and then stall and become
absorbed into the large semi-permanent Bermuda high centered offshore. In Figure
5.4, mean sea level pressure fields associated with high PM, s episodes are shown.
The extension of the Bermuda high is slightly further south than is found in high O3
cases.



Back trajectories for the set of summer high PM, s cases are given in Figure 5.5.
These back trajectories show a generally westerly mean transport that is consistent
with previous field studies carried out in the region (Figure 5.6). In addition to the
westerly transport cases, there is a subset of cases of re-circulation along the
Baltimore-Washington Corridor. The transport pattern in the high PM,s is quite
similar to that seen in high Os; cases (Figure 5.7 and Figure 5.8). While O3
concentrations, on the regional scale, are sensitive to NOy concentrations, PM; s is
impacted both by NOx and SO, emissions. These compounds are typically emitted
together by large point sources burning coal. The coincidence of enhanced NOy and
sulfur compounds has previously been seen in this region (Figure 5.9).

(i)  Winter Season

Winter season cases are a smaller subset than summer season high PM; 5 cases but
share some factors in common. The upper air pattern has a strong ridge north and
west of Maryland (Figure 5.10, compare with Figure 5.1). Winds aloft are westerly
(Eigure 5.11) and, while stronger than the summer season cases, are only slightly
weaker than the average winds for this time of year (Figure 5.12). The back
trajectories aloft are very similar to summer cases (Figure 5.13).

There are some subtle differences as well. Surface high pressure is nearly
overhead during the winter cases (Figure 5.14) and suggests a strong stagnation
pattern than in summer season cases (Figure 5.4). The extent of stagnation is seen in
the near surface average winds (Figure 5.15). The light near surface winds, coupled
with westerly winds aloft, suggest a complex interaction of both regional and local
emissions in creating high PM; s in these winter cases.

(iii)  Clean Cases

At the other end of the distribution are cases with very low PM; s concentrations.
These cases occur in all seasons but are concentrated in the fall, winter and spring
seasons. In general, they represent the opposite phase of the weather pattern
associated with high PM,s. In the upper atmosphere, the “clean” cases are
characterized by a trough, or region of lower than normal pressure (Figure 5.16).
Large scale troughs are typically associated with stronger than normal winds and this
is certainly true for this subset of cases (Figure 5.17). The air mass associated with
the low PM; 5 cases is typically Canadian in origin. As example of a surface pressure
pattern typical of an outbreak of Canadian air is shown in Figure 5.18. These air
masses are typically quite dry which also tends to reduce particle formation.

(iv)  Analysis of High PM, s Multi-Day Episodes

The full analysis of a set of high PM; 5 episodes is contained in Appendix C. A
few general comments are included here.

In the summer season, PM; s concentrations are generally in the upper moderate
range (20-30 pugm™) for much of these episodes but increase rapidly to concentrations
above 30 pugm™ (90" percentile) only as the boundary layer transport pattern shifts
westerly. The bulk of the increase in these cases is due to rapid increases in SOy



concentrations (Figure 5.19). These increases are often coincident with increases in
low level humidity as moist conditions enhance conversion from gaseous SO, to
particulate sulfate. For episodes in June of 2003 and July of 2002, the increase of
SO4 from the onset (relatively clean day) to the mature phase (high PM,s) is on the
order of 22-28 pgm~>. The increase of SOy relative to other constituents has
previously been seen in other mid-Atlantic cases. Chen et al., 2003 reported a change
in OC: SOy ratio from 3:1 prior to the onset of a high PM, 5 episode to 1:3 at its peak.
A similar ratio was observed in the June 2003 episode. Short bursts of high PM; s
(e.g., June 29, 2003) can occur in stagnant summer weather but an analysis of back
trajectories of longer duration show preceding westerly transport. That is, the air
mass is “primed” for high PM; 5 before stagnation enhances the effect. This pattern
has been seen in winter season PM, s cases from 2001.

In the winter season, strong stability in the boundary layer is a critical issue.
During the episode of February, 2003, this stability was driven by a combination of
warm air arriving aloft over a snow covered surface. The cold surface, coupled with
warm air (arriving from the west), leads to a strong inversion trapping emissions. In
previous studies for cases prior to this dataset (see, Appendix C), the warmer air aloft
can be advected from the east, in association with a developing offshore low pressure
system, with re-circulation present over the mid-Atlantic as winds shift from west to
east. The onshore wind also adds considerably to the moisture content of the
atmosphere allowing for more efficient gas to particle conversion.
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Figure 5.1. 500 mb geopotential height differences from normal for high summer season
PM; s cases. Figure courtesy of NOAA-Climate Diagnostics Center (CDC).
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Figure 5.2. 850 mb mean relative humidity (%) for high summer season PM; s cases.
Figure courtesy of NOAA-Climate Diagnostics Center (CDC).
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Figure 5.3. 850 mb temperature differences (°C) from normal for high summer season
PM, 5 cases. Figure courtesy of NOAA-Climate Diagnostics Center (CDC).
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Figure 5.4. Mean sea level pressure field for high summer season PM; s cases. Figure
courtesy of NOAA-CDC.
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Vertical Profiles of Ozone, CO, NOy and S02: Central VA (July 15, 1995)
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courtesy of NARSTO-NE (see, Ryan et al., 1998).
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Figure 5.10. As in Figure 5.1 but for winter season high PM; 5 cases (Figure courtesy of
NOAA-CDC).
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Figure 5.11. Mean 850 mb winds (in m s") for winter season high PM, 5 cases (Figure
courtesy of NOAA-CDC).
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Figure 5.12. Difference from average of 850 mb winds (in m s™) for winter season high
PM, 5 cases (Figure courtesy of NOAA-CDC)
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Figure 5.13. As in Figure 5.5 but for winter season high PM; s cases
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Figure 5.14. Mean sea level pressure field for summer season PM;s cases. Figure
courtesy of NOAA-CDC.
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Figure 5.15. Mean 1000 mb (near surface) winds for high Mean sea level pressure field
for high summer season PM; 5 cases. (Figure courtesy of NOAA-CDC)
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Figure 5.17. Mean 850 mb winds (in ms™) for low PM,s cases (Figure courtesy of
NOAA-CDC).



Figure 5.18. Surface pressure analysis for 0000 UTC, April 4, 2002 (a low PM; 5 case)
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Figure 5.19. Speciated PM; s for Essex for the period July 11-26, 2002.



Section 6. Conclusion

This report contains an analysis of Speciated Trends Network (STN) data
collected at Essex, Maryland for the period January, 2001-October, 2003. The STN
monitor at Essex is located at 39.31°N, 76.47°W or approximately 10 miles E of
Baltimore Inner Harbor. The local area is primarily residential and light industrial but
there are a number of significant interstate highways and large arterial roads quite close
to the monitor.

As is typical of observations from the eastern US, the major constituents of PM; s
at Essex are ammonium (NHy), sulfate (SO4), organic carbon (OC), elemental carbon
(EC), and nitrate (NO3). The relative fraction of OC, whose primary source is motor
vehicle emissions, is uncertain. As measured by the STN monitors, it accounts for 23%
of total PM,s but its actual contribution is certainly higher as carbon particles also
contain additional elements not directly measured. A correction factor (K) is typically
applied to account for this additional amount of material and varies with type of particle
and age. The range of k ranges from 1.4 to as much as 2.4 depending on the type and age
of air mass measured.

The overall contributions of the various constituents to total PM, 5 are consistent
with recent observations at Fort Meade, Maryland and in urban and near urban sites in
New York.

An analysis of the correlations between total PM,s and its main constituents
shows that PM, 5 is most closely correlated with SO4 (r = 0.78) and NH4 (r = 0.83). OC
has a lower correlation (0.60) and its concentrations in high PM; s cases (PM,5 > 30 ugm’
%) are highly variable. In terms of the seasonal cycle, SO, concentrations are highest in
the summer (JJA) and account for nearly 50% of the PM, s mass. Correlations for SO4
(0.95) and NH4 (0.92) are extremely strong in the summer months. OC has a bimodal
seasonal signal with highest concentrations in both winter and summer seasons. EC,
mainly from primary emissions, shows little seasonal differences. NOs is highest in the
winter months but accounts for a small total fraction - ~ 12%. Wainter season PM; s is
dominated by OC and NHy4 and appears to be driven by local emissions. In winter, the
correlation between OC and EC (0.77) is much higher than in the summer months (0.26)
suggesting that local, primary emissions are important.

The 90" percentile of PM, s cases ( > 30 pgm™) is strongly weighted (65%) to the
summer season and SOy is the most strongly correlated constituent in these cases (0.78).
Toxic compounds measured at Essex are difficult to assess because a large fraction of
observations are below the method detection limit (MDL). There are no clear
correlations between toxic compounds and PM; s overall or in high PM; 5 cases.

Weather patterns associated with summer season high PM, s cases are, in many
respects, quite similar to high O3 cases. A strong upper level ridge of high pressure is
typically located over or west of the mid-Atlantic in both PM,s and O3 cases. This
alignment leads to consistent westerly transport of pollutants into the region. On a daily
basis, O3 and PM, 5 peaks often, but not always, coincide. The main factor that limits



peak Os in summer — cloud cover and convection — has a lesser impact on 24-hour
average PM, s concentrations.

In the winter season high PM, s cases, a strong upper level ridge is also present
along with westerly transport aloft. However, winter season PM, s cases are more likely
to be characterized by significant stagnation near the surface and by a very stable
boundary layer — often enhanced by snow cover.

Low PM,; 5 cases are characterized by a weather pattern of an opposite phase as
high PM,s cases. Aloft, a trough of low pressure replaces the ridge, wind speed are
much higher, and the source of the air mass entering Maryland is from the north and
northwest - rural Canadian in origin.

A closer analysis of specific multi-day PM; s cases in summer shows that large
increases in PM, s are driven primarily by increases in SO4 concentrations. Although
some episode days do include periods of stagnation, the longer range sources of the
stagnant air masses are to the west of the region. Winter season multi-day episodes are
characterized by stagnation and a very stable boundary layer. This traps pollutants by
limiting both vertical and horizontal mixing. OC is the most dominant constituent in
these cases.



Appendix A: Measurement and Analysis at the Essex, Maryland STN
site

1. Measurement

The data analyzed in this report were gathered with a chemical speciation sampler
(RAAS-401; Reference Ambient Air Sampler) manufactured by the Thermo-Electron
Corporation. A schematic of the airflow through the mechanism is shown in Figure 1.
Ambient air is collected by the inlet port which is insensitive to wind speed and
direction. Particles larger than 10 um in diameter do not pass through this main inlet.
The airflow is then divided into two separate airflows, each with a precise flow rate of 24
Liters per minute (Lpm). This is the flow rate required by the sampler so that 50% of the
sampled particles with diameters of 2.5 um penetrate the inlet. Each of these airflows
enters a cyclone fractionator which imparts a circular motion to the air and the particles
are thus directed to the walls of the collection tube via the centripetal force generated by
the circular motion. The airflow is then split again, resulting in a 7.3 Lpm flow rate and a
16.7 Lpm flow rate. Thus, there are four filters on which particles are gathered for
analysis. The first is a quartz-fiber filter which is analyzed for carbon constituents. The
second is a polytetrafluoroethylene (otherwise known as teflon) filter which is analyzed
for total particulate mass concentration and for the mass concentration of individual trace
elements. The third is also a teflon filter which is analyzed for anions (NH4, K, Na.) and
cations (SO4, Cl). Two separate teflon filters are used because the analysis process for
particulate elemental mass leads to a loss of volatile species. The fourth filter is a nylon
filter which is analyzed for particulate nitrate. The air impacting this filter is first passed
through an MgO denuder which removes nitric acid vapor (HNO;) so that only
particulate nitrate ends up on the nylon filter. The air flow rate through the sampler is
critically important and is monitored at numerous points along the air flow path.

I1.Analysis

The analysis of the particulate matter collected on the four filters is done at
Research Triangle Institute (RTI). The quartz-fiber filter is analyzed for elemental and
organic carbon using the Thermal Optical Reflectance Method (TOR). Using this
method, carbon compounds are liberated from the filter sample under various temperature
and oxidation environments. The details of the methods employed using TOR can be
found in the EPA document, 'Guideline on Speciated Particle Monitoring' (1998). There
are three different carbon compounds that are typically quantified from samples collected
on quartz-fiber filters. The three types are organic, elemental (or black), and carbonate
carbon. In this study, carbonate carbon was not separately analyzed for but is assumed to
be included in either the elemental or organic carbon component. (Acidification of a
section of the filter is required to analyze for carbonate carbon). The meaning of the
elemental and organic carbon concentrations is dependent upon the operation used to
analyze the filter. The TOR method can differentiate between four type of organic
carbon and 3 types of elemental carbon. Carbon concentrations as reported here do not



have the same operational meaning as those analyzed with an alternate operational
technique.

The first Teflon filter is analyzed using Photon-Induced X-ray Fluorescence (XRF).
Using this method, volatile compounds are evaporated when the filter is place in a
vacuum, thereby necessitating the second Teflon filter for which Ion Chromatography is
used to analyze for cations and anions. IC is also used to analyze the nylon filter for
particulate nitrate.

I1I1. Method Detection Limit

Each element which is analyzed for has a unique Method Detection Limit (MDL).
This limit is the minimum concentration that can be determined with 99% confidence that
the concentration is greater than zero. The MDL is a statistical calculation and is based
on everything involved in the sampling and analysis processes so it is unique to the
mechanism used to sample the air and the type of filter used to collect the particles.
Calculation of the MDL follows these steps:

Spike a solution with 1-5x the suspected DL for a given analyte
Measure the amount of analyte 7 times

Calculate the standard deviation and look up the t-value

Spike a new solution with a slightly different amount of analyte
Repeat steps 2 and 3

Determine that the 2 sample variances are statistically insignificant
Combine the two sample variances to get a std dev and tval

MDL = std dev * tval

0N N kW~

Some MDL values for the species in this report are shown in Table 1.

Species MDL (ng m™) Species MDL (ng m™)
PM2.5 300 Ca 1
OC 130 Fe 0.8
EC 130 Cr 0.6
SO, 11 Se 0.9
INO; 3 As 1
INH,4 15 Cu 0.5
S 3 Pb 2.2
Si 3 Mn 0.9
Zn 0.6

Appendix A. Table 1. Method Detection Limits using the RAAS-401
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Appendix A. Figure 1. Schematic of the Anderson RAAS-401




Appendix B. Semi-Volatile Carbon Compounds

Semi-volatile (SVOL) material is composed of a variety of organic aerosol
compounds (primarily carbon and hydrogen atoms) that have boiling points greater than
200° C. Measurement and analysis of the organic carbon component of PM, s is subject
to many uncertainties due to the SVOL portion of the aerosol.

The PM, s carbon measurement is taken on a quartz filter using the Andersen
RAAS-401. The quartz filter is subject to adsorption of gaseous OC which leads to
overestimation of the OC particulate concentration. The quartz filter is also subject to
volatilization of the collected particulate matter (due to extreme temperatures which the
filter is exposed to during analysis) which leads to an underestimation of the OC
particulate concentration.

The positive artifact can be almost eliminated by using a denuder ahead of the
quartz filter. The denuder removes gas-phase material from the air stream before it
reaches the filter. In another method, the amount of gas-phase material that is collected
on the filter can be estimated by placing a second quartz filter behind the main quartz
filter. This second filter will measure only the gas-phase OC material whose
concentration can be subtracted from the concentration measured on the main quartz
filter, yielding the resulting particulate OC concentration.

The negative artifact caused by volatilization of particulate material can be
handled by using an adsorbent filter downstream of the main quartz filter. The adsorbent
filter will capture the volatilized material. However, because the SVOL organic material
has various absorptive properties, one type of adsorbent filter may not work for all
compounds.

It should be noted that the methods described here to correct for positive and
negative artifacts encountered during measurement and analysis of the SVOL portion of
OC are capable of producing their own positive and negative artifacts.

Subramanian, et al.,(2004) (AS & T v. 38 suppl, 2004) found that, using a single
quartz filter to measure PM,s OC, the concentration of overestimated material was
almost constant in Pittsburgh at 0.5 pgm™. This value was found to not vary seasonally.
Simultaneous samples taken on a quartz filter with a denuder upstream (to remove the
gaseous phase carbon) produced only a small loss of volatilized carbon particulate matter
(as measured using a carbon-impregnated glass filter). Therefore, it was estimated that
the single quartz filter measurement suffered from only a small negative artifact.



Appendix C: Case Studies of High PM, 5 Cases

The case studies are available only on disc due to the size of the supporting images.

Episodes Discussed in Detail:

July 11-26, 2002 (Daily STN data available)
February 16-23, 2003
June 21-28, 2003

Other Episode Discussions Prior to STN Data base:

January 7-8, 2001
January 12-15. 2001
February 3-5, 2000
February 9-11, 2000
February 22-25, 2000
June 27-30, 2001
August 5-10, 2001

Appendix D: MARAMA Defined Episode List

Episode Duration Approximate | Approximate

Number Dates (Days) Year Season | Low (ug/m3) | High (ug/m3) | Type of Episode
1 2/8-12/00 5 2000 Winter 8 67 Dirty
2 5/29-6/6/00 9 2000 Summer 4 45 Dirty
3 10/9-19/00 11 2000 Fall 2 46 Dirty
4 1/9-16/01 8 2001 Winter 7 71 Dirty
5 1/21-25/01 5 2001 Winter 7 74 Dirty
6 6/24-7/2/01 9 2001 Summer 3 62 Dirty
7 7/12-7/20/01 9 2001 Summer 3 49 Dirty
8 3/30-4/11/02 13 2002 Spring 3 23 Clean
9 7/11-26/02 16 2002 Summer 2 57 Dirty
10 8/7-15/02 11 2002 Summer 3 54 Dirty
11 10/11-18/02 8 2002 Fall 2 13 Clean
12 12/20-26/02 7 2002 Fall 2 14 Clean
13 2/16-23/03 8 2003 Winter 5 49 Dirty
14 4/18-26/03 10 2003 Spring 3 21 Clean
15 6/21-28/03 8 2003 | Summer 4 71 Dirty
16 8/31-9/7/03 8 2003 Fall 2 14 Clean




Appendix E: Correlation Coefficients Calculated Using Linear
Regression
Analysis on the Entire Dataset

Correlation Coefficients Using the Entire Dataset
1 _
0.8 -
0.6 -
0.4 -
0.2 -
0- |
mPM2.5 0.251 | 0.118 | 0.605 | 0.755
ENH4 | 0.828 0.085 | 0.16 | 0.275 | 0.823
mEC 0.251 | 0.085 0.138 | 0.529 | 0.027
mNO3 | 0.118 | 0.16 | 0.139 0.12 0
ocC 0.605 | 0.275 | 0.529 | 0.12 0.202
OSO4 | 0.755 | 0.823 | 0.027 | 0 | 0.202

Appendix E, Table 1. Correlation coefficients for PM; s and key constituents using the
entire dataset



Appendix E, Table 2. As in Table 1 but for PM, s and toxic constituents

NH4 EC NO3 ocC S04
Arsenic 0.02 0.093 0.014 0.067 0.016
Cadmium 0 0.001 0.003 0 0
Chromium 0.002 0.058 0.005 0.023 0
Cobalt 0.002 0.008 0.007 0.004 0.004
Chlorine 0.019 0.166 0.23 0.144 0.004
Lead 0.107 0.161 0.122 0.232 0.06
Manganese 0.029 0.15 0.004 0.133 0.027
Mercury 0.024 0.004 0 0.03 0.027
Nickel 0.091 0.095 0.14 0.151 0.03
Phosphorus 0.004 0.015 0 0.003 0.007
Selenium 0.242 0.099 0.036 0.186 0.219

Appendix E, Table 3. As in Table 1 but for key and toxic constituents

Arsenic | Cadmium | Chromium | Cobalt | Chlorine | Lead | Manganese | Mercury
PM2.5 0.037 0.001 0.006 0 0.062 0.21 0.085 0.041
Arsenic 1 0.001 0.031 0 0.009 0.005 0.017 0.009
Cadmium 0.001 1 0.002 0.002 0.009 0.011 0.003 0
Chromium 0.031 0.002 1 0.016 0.004 0.011 0.003 0
Cobalt 0 0.002 0.016 1 0.002 0 0.006 0.001
Chlorine 0.009 0.009 0.004 0.002 1 0.131 0.008 0.016
Lead 0.005 0.011 0.001 0 0.131 1 0.078 0.007
Manganese 0.017 0.003 0.003 0.006 0.008 0.078 1 0
Mercury 0.009 0 0 0.001 0.016 0.007 0 1
Nickel 0.005 0 0 0.015 0.063 0.066 0.084 0.007
Phosphorus | 0.002 0.003 0.003 0.102 0.004 0.003 0.028 0.001
Selenium 0.005 0.003 0.003 0.008 0.019 0.061 0.049 0.011
Nickel Phosphorus Selenium
PM2.5 0.144 0.001 0.311
Arsenic 0.005 0.002 0.005
Cadmium 0 0.003 0.003
Chromium 0.006 0.031 0.006
Cobalt 0.015 0.102 0.008
Chlorine 0.063 0.004 0.019
Lead 0.066 0.003 0.061
Manganese 0.084 0.028 0.049
Mercury 0.007 0.001 0.011
Nickel 1 0.011 0.14
Phosphorus 0.011 1 0.002
Selenium 0.14 0.002 1




Appendix F: Seasonal Correlations

Species PM2.5 NH4 OCB NO3 ECB S04
PM2.5 1.000 0.781 0.764 0.672 0.636 0.550
NH4 0.781 1.000 0.332 0.722 0.263 0.766
OocCB 0.764 0.332 1.000 0.298 0.769 0.240
NO3 0.672 0.722 0.298 1.000 0.173 0.270
ECB 0.636 0.263 0.769 0.173 1.000 0.208
SO4 0.550 0.766 0.240 0.270 0.208 1.000

Appendix F, Table 1. Winter season correlation coefficients

Species PM2.5 NH4 OCB NO3 ECB S04
PM2.5 1.000 0.824 0.536 0.477 0.177 0.833
NH4 0.824 1.000 0.216 0.627 0.053 0.867
OocCB 0.536 0.216 1.000 0.149 0.256 0.237
NO3 0.477 0.627 0.149 1.000 0.002 0.306
ECB 0.177 0.053 0.256 0.002 1.000 0.101
SO4 0.833 0.867 0.237 0.306 0.101 1.000

Appendix F, Table 2. Spring season correlation coefficients

Species PM2.5 NH4 OCB NO3 ECB S04
PM2.5 1.000 0.919 0.668 0.048 0.313 0.948
NH4 0.919 1.000 0.487 0.109 0.249 0.956
OCB 0.668 0.487 1.000 0.015 0.256 0.489
NO3 0.048 0.109 0.015 1.000 0.077 0.042
ECB 0.313 0.249 0.256 0.077 1.000 0.227




SO4 0.948 0.956 0.489 0.042 0.227 1.000
Appendix F, Table 3. Summer season correlation coefficients

Species PM2.5 NH4 OCB NO3 ECB S04
PM2.5 1.000 0.649 0.771 0.319 0.574 0.547
NH4 0.649 1.000 0.248 0.272 0.200 0.861
OCB 0.771 0.248 1.000 0.244 0.701 0.188
NO3 0.319 0.272 0.244 1.000 0.264 0.051
ECB 0.574 0.200 0.701 0.264 1.000 0.108
S04 0.547 0.861 0.188 0.051 0.108 1.000

Appendix F, Table 4. Fall season correlation coefficients

Appendix G: Correlations for Low and High PM, s Cases

Species

PM2.5

NH4

OCB

NO3

ECB

SO4

Appendix G, Table 1. Correlation coefficients for low PM, s cases

PM2.5

1.000

0.061

0.080

0.157

0.126

0.004

NH4

0.061

1.000

0.237

0.648

0.092

0.697

oCB

0.080

0.237

1.000

0.008

0.010

0.517

NO3

0.157

0.648

0.008

1.000

0.054

0.216

ECB

0.126

0.092

0.010

0.054

1.000

0.037

SO4

0.004

0.697

0.517

0.216

0.037

1.000




Species

PM2.5

NH4

OoCB

NO3

ECB

S04

Appendix G, Table 2. Correlation coefficients for high PM; 5 cases

PM2.5

1.000

0.712

0.033

0.076

0.007

0.595

NH4

0.71

1.000

0.026

0.064

0.164

0.700

oCB

0.033

0.026

1.000

0.103

0.559

0.122

NO3

0.076

0.064

0.103

1.000

0.113

0.486

ECB

0.007

0.164

0.559

0.113

1.000

0.231

SO4

0.595

0.700

0.122

0.486

0.231

1.000
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Preface

State and local air quality agenciesin the MARAMA Region operate a variety of monitors that
measure particulate matter (PM) less than or equal to 2.5 micrometers in aerodynamic diameter.
These very small particles are referred to as PM,s. The measurement of PM» 5 is important
because scientific studies link PM2 s pollution to numerous health problems.

Some of the monitors that measure PM> s pollution in the MARAMA Region are speciation
monitors, monitors that measure the chemical composition of fine particles. This report provides
information about PM> 5 speciation monitors and the network of speciation monitors that has
been deployed in the MARAMA Region. The major focus of the report is an analysis of the
speciation data collected at eleven monitors from September 10, 2001 through October 12, 2003.
Comparisons are made between the eleven monitors. The comparisons provide insights as to
how the major components of PM, 5 mass vary across the region by location and season. The
report includes detailed site-by-site analyses of speciation data showing how the magjor species of
PM,5 mass varied over time. The site-by-site analyses also provide back trgjectories for periods
of high and low PM;5 concentration.
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1 Executive Summary

1.1 Background and Approach

The data collected in the PM2 5 speciation monitoring program isimportant to EPA, State and
local air quality agencies, and others who are trying to understand the nature and extent of fine
particle pollution at a specific site or in an entire region. Speciation dataisthe “grist” used in
source apportionment analyses and it will play an increasingly important role in the development
of strategies to control of fine particle pollution.

Given the importance of speciation data, MARAMA'’s Executive Board asked MARAMA staff
to analyze speciation datain the MARAMA Region and show member agencies how to
effectively use these data. In thisreport, MARAMA provides background information on the
Speciation monitoring program and analyzes speciation data for twelve sites across the
MARAMA Region. The report also provides information about how to access and process
speciation data. The data Methodology and Data Handling Techniques for Speciation Data
section of the report serves as a practical guide to analysts who wish to obtain and process PM,s
Speciation data.

This report makes regional comparisons between eleven monitoring sites from North Carolina to
New Jersey using 25 months of data from September 10, 2001 through October 12, 2003. The
regional comparisons show how the five major species that make up PM s mass — ammonium,
elemental carbon, organic carbon mass, nitrate, and sulfate — vary across the region and season to
Season.

In addition to the regional comparisons, the report provides detailed “site-specific” analyses for
the eleven sites analyzed regionally plus a site located in South Charleston, WV. Site-specific
analyses provide detailed information about the composition of PM, s mass over 2001-2003 and
the seasonal variation of PM;5 constituents. Site-specific analyses also include back trajectories
for the five percent “cleanest” and “dirtiest” days observed over the study period.

This analysis found that three of the five major contributors to PM2 s mass — ammonium, nitrate,
and sulfate — are routinely measured with reasonable certainty. The average percent error for
ammonium, nitrate, and sulfate measurements were 7.1, 11.8, and 8.6 respectively. Organic
carbon mass and elemental carbon measurements were much less certain, however. An
important source of error associated with the estimation of organic carbon mass was the
assignment of the organic carbon mass to organic carbon OM/OC ratio, afactor used to estimate
the mass of organic carbon aerosol collected in a speciation sample. Since OM/OC ratios have
not been empirically determined at monitoring sites in the region, estimates of organic carbon
mass are much less certain than other measurements.

To better understand how different OM/OC ratios affect organic carbon mass estimation,
MARAMA performed a sensitivity analysis using OM/OC ratios of 1.6 and 1.9. Better mass
closure, the comparison of reconstructed mass with gravimetric mass, was achieved using an
OM/OC ratio of 1.6 at most urban sites. An OM/OC ratio of 1.9 produced better mass closure at
rural sites, although even higher OM/OC ratios are probably appropriate for the most rural sites.
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1.2 Findings
The following paragraphs summarize the major findings of this analytical effort.

Speciation data is very vauable in understanding the nature and composition of fine
particle pollution. The analysis of these datawill help air quality planners develop
appropriate and effective air quality control programs for fine particle pollution.

The speciation monitoring network is producing data that will help assess the impacts of
programs such as CAIR that are expected to reduce the concentration of PM s precursors
between now, 2009, and thereafter.

The analysis of speciation data is complex and requires increased knowledge of the
nature and limitations of the data. State, local and regional air quality agencies will need
training and practice to reap the full benefits of these data.

Currently, a data analyst must gather information on how to process and anayze
speciation data from a wide range of sources including EPA, regional associations,
university researchers, contractors, etc.

The OM/OC ratios used to convert organic carbon measurements from the speciation
network into estimates of organic carbon mass have risen in recent years as research
scientists improve the measurement of organic carbon species in the atmosphere. Higher
OM/OC ratios increase the amount of mass attributed to organic carbon species.

Organic carbon mass and sulfate were the largest contributors to PM,s mass at all sites
for the period from September 10, 2001 through October 12, 2003.

0 Using an OM/OC ratio of 1.6, organic carbon mass was the largest contributor to
PM, 5 mass at seven of the eleven sites analyzed. Sulfate was the largest average
contributor to PM, 5 mass at the other four sites.

0 The average organic carbon mass concentration, averaged regionally over 2001-
2003 was 5.41 pg/m°. Average organic carbon mass levels ranged from a high of
6.93 ug/m” in Elizabeth, NJ to alow of 3.63 pg/m® in Dover, DE. At most sites,
organic carbon mass concentrations were highest in summer and lowest in the
spring.

o Empiricaly determined site-specific and/or site-specific and season-specific
OM/OC values would greatly improve estimates of organic carbon mass at
monitoring sitesin the MARAMA Region.

0 More needs to be known about organic carbon mass, since it congtitutes alarge
part of total PM2 s massin the MARAMA Region. More work is needed to
determine or better understand: which organic carbon species are present and in
what concentration, how do organic carbon mass species vary over time and
place, are the organic carbon mass species the result of anthropogenic or biogenic
emissions, and what constituents and processes are important to secondary
organic aerosol formation, etc.

Sulfate was a strong contributor to PM, s mass at all sites and was the largest contributor
to PM, 5 mass at four of the eleven sites analyzed.
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0 Sulfate concentrations were highest in summer, were often episodic in nature, and
were correlated well with ammonium concentrations.

o If the average concentrations of sulfate and ammonium are added together, the
combined concentration was the largest contributor to PM,s mass at all sites
averaged over 2001-2003.

0 Theaverage sulfate concentration, averaged regionally over 2001-2003 was 5.11
pg/m°. Average sulfate levels ranged from a high of 6.12 pg/m® in Arendtsville,
PA to alow of 4.11 ug/m® in Kinston, NC.

Nitrate species made a much smaller contribution to PM» s mass than organic carbon
mass and sulfate species. The average nitrate concentration, averaged regionally over
2001-2003 was 1.76 pg/m®. Average nitrate levels ranged from a high of 2.48 ug/m®in
Wilmington, DE to alow of 0.94 pg/m® in Charlotte, NC. Nitrate concentrations peaked
in the winter and were low in the summer. Nitrate concentrations appear linked to
winter/cold weather conditions that produce solid phase nitrate species (Wittig et al.,
2004). Lower average nitrate concentrations occurred in the southern part of the
MARAMA Region and higher average nitrate concentrations occurred in northern areas.

Ammonium species also made a much smaller contribution to PM, s mass than organic
carbon mass and sulfate species. The average ammonium concentration, averaged
regionally over 2001-2003 was 2.01 pg/m®. Average ammonium levels ranged from a
high of 2.36 pg/m® in Arendtsville, PA to alow of 1.51 pg/m® in Kinston, NC.
Ammonium concentrations were fairly uniform across the MARAMA Region. In many
cases, urban sites produced higher ammonium concentrations than rural sites.

Elementa carbon concentrations were generally small relative to other PM, s mass
constituents. Despite this, elemental carbon particles are important from a human health
perspective, since they are considered air toxins and are associated with increased risk of
cancer and other disease.

0 The average elemental carbon concentration, averaged regionally over 2001-2003
was 0.75 ug/m®. Average elemental carbon levels ranged from a high of 1.82
pg/m® in Elizabeth, NJto alow of 0.36 pg/m® in Kinston, NC.

o Elementa carbon concentration was strongly correlated with population; higher
concentrations occurred in urban sites and lower concentrations in rural areas.

Over the period studied, PM, 5 concentrations often rose and fell sympathetically over
wide areas of the MARAMA Region.

Many back trajectories for days when PM, s concentrations were low originated in
relatively “clean” areas in western or central Canada or northern states and moved
quickly over great distances to receptor sitesin the MARAMA Region. In contrast to
back trajectories associated with high PM 5 concentrations, these “clean day”
trgectories did not remain or re-circulate over air pollution source regions.

Many back tragjectories for days when PM, 5 concentrations were high were tracks of air
masses that spent the last five days over the continental U.S. In many cases, the air
circulated or re-circulated through air pollution source regions in the Midwest, Mid-
Atlantic, Northeast and South. Many “dirty day” trajectories passed through the Ohio
River Valley.
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Speciation data can be used to characterize air quality at a particular site aswell asto
provide information about regional conditions.

Speciation data can be used to analyze and confirm exceptional events like forest fires
and other phenomena.

The error/uncertainty of many trace el ement measurements in the speciation program is
poorly known.

Many trace element measurements in the speciation program are below the Method
Detection Limit (MDL) of the analytical equipment used to make these measurements.

The Future Directions section of this report provides alist of follow-up activities and analyses
that will improve the speciation monitoring program and the analysis of these data.
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2 Introduction

2.1 The PM,5 National Ambient Air Quality Standards

On July 17, 1997, the U.S. Environmental Protection Agency (EPA) revised the National
Ambient Air Quality Standards (NAAQS) for particulate matter (PM). After reviewing peer-
reviewed scientific studies, EPA determined that modifications to the existing PM standards
were necessary to protect public health and the environment. The new standards applied to air
borne particles with a mean aerometric diameter equal to or smaller than 2.5 nm. These small
particles, referred to as PM, 5, were deemed to be the particlesin the air that were of greatest
concern in terms of public health. EPA revised the primary, health-based standard by creating a
new annua PM s standard set at 15 ng/m® and a new 24-hour PM, 5 standard set at 65 ng/n°.

2.2 PM, s Nonattainment Areasin the MARAMA Region

At the same time that EPA promulgated the new PM s standards, EPA announced new
monitoring requirements to support the new standards. EPA established new Federal Reference
Methods (FRM) for measuring PM> 5 and put in place new criteriafor sitting monitors and new
procedures for operating monitoring networks and quality assuring the network’s data. Soon
after, states and local agencies began to establish PM2 s monitoring networks in conformance
with EPA requirements. The first PM,s FRM monitors were in place in 1998. Today, state and
local air quality agencies and other organizations operate large networks to monitor PM 5
concentrations in the atmosphere.

Using the data collected in the PM5 monitoring network, EPA designated areas in the United
States that do not meet the NAAQS for PM2 5 on December 17, 2004. The designations were
based on 2001-2003 data. Because EPA’s designations occurred close to the end of 2004, EPA
provided states an opportunity to have 2002-2004 data considered in the final designation
process. After reviewing certified, quality-assured data for 2002-2004, EPA found that eight
areas previoudly identified as not attaining the PM, 5 standards were attaining the standards.
Figure 2-1 depicts final designations for PMs in the MARAMA Region including the changes
that resulted from using 2002-2004 data.

2.3 EPA Region |11 Support for the Analysis of Speciated PM, 5 Data

Given that large areas of the MARAMA Region do not meet national standards fine particles, the
air quality agenciesin the MARAMA Region were eager to analyze data that would shed light
on the problem and provide information to help guide air pollution control strategy development.
Analyzing PM 5 speciation data offered an excellent opportunity to study the constituents of fine
particles and how particle composition varies season-to-season and place-to-place. It was hoped
that understanding the components of PM»s mass would provide important information about the
air pollution sources that contribute to the PM2 5 problem. Analysis of speciated PM. 5 data
could serve as an important part of a state’s “weight of evidence” analyses supporting their State
Implementation Plan (SIP). With all thisin mind, states asked EPA to provide funds to
MARAMA to facilitate regional data analysis.
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Figure 2-1 PM,s Nonattainment Areasin the MARAMA Region

On January 19, 2004, EPA Region |11 awarded MARAMA agrant to complete the development
of PM 5 forecasting tools, atask that was already well underway, and to analyze speciated data
to support regional efforts to control PM. 5 pollution. As grant deliverables, MARAMA
committed to:

Foster and develop analytical capabilitiesin MARAMA member agencies in order to
help agencies make use of their PM, 5 data, and

Analyze PM, 5 data to provide monitoring staff, air quality managers, decision makers,
and the public with a deeper understanding of PM s pollution.

This report provides information to assist MARAMA agenciesin analyzing PM, s dataand
represents MARAMA' s analysis of speciated PM, s datain the Mid-Atlantic Region, a
deliverable of EPA Region I11 grant number PM-983988-01-0.

2.4 The PM,5 Air Quality Monitoring Networ k
2.4.1 The State and Local Monitoring Network for Fine Particlesin the MARAMA Region

The largest monitoring network for fine particles in the MARAMA Region is operated by state
and local air quality agencies. These agencies run an extensive network of FRM monitors,
continuous monitors, and speciation monitors. FRM monitors are used to determine an area’s
compliance with the NAAQS. They collect a sample over 24-hours. They either take a sample

EEE————
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every day or operate on an intermittent schedule of one-in-three days or one-in-six days. Asthe
name implies, continuous monitors continuously measure PM- s concentration. Typically, they
report data on an hourly basis and are used for air quality mapping, reporting air quality levels,
air quality forecasting, and other “real-time” applications. Speciation monitors are used by air
quality agencies to determine the composition of fine particulate matter. Like FRM monitors,
speciation monitors collect a sample over 24-hours. Because of the expense and effort involved
in analyzing speciation samples, speciation monitors usually operate on a one-in-three or one-in-
six day schedule. Figure 2-2 shows the location of PM, 5 FRM and continuous monitors in the
MARAMA Region.

@ FRM Monitors
QO Conbnuous Monitors

Figure 2-2 FRM and Continuous PM, 5 Monitorsin the MARAMA Region

2.4.2 Other Fine Particle Monitoring Networksin the MARAMA Region

There are severa other monitoring networks in the MARAMA Region that measure fine
particles and fine particle species. The Interagency Monitoring of Protected Visual
Environments (IMPROVE) program operates monitors that measure visibility in federal Class|
areas, which include national parks greater than 6,000 acres, wilderness areas and national
memoria parks greater than 5,000 acres, and international parks that existed as of August 1977.
IMPROV E monitors identify the chemical species of particles that are responsible for visibility
impairment. Through photography, the measurement of optical extinction, and the measurement
of particle species, the IMPROVE network tracks regional haze. The IMPROVE program has
grown in recent years. Many “IMPROVE Protocol sites’ have been established that use

B
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IMPROV E measurement techniques but are not located in Class | areas. Figure 2-3 shows the
location of IMPROVE and IMPROVE Protocol sites in the MARAMA Region.

EPA’s Clean Air Status and Trends Network (CASTNET) also measures particle speciesin the
MARAMA Region. The CASTNET program is designed to monitor trendsin regional air
quality and atmospheric deposition, provide data and information on how atmospheric pollution
is affecting ecosystems, and provide measurements for validating and improving atmospheric
models.

In the past, the program was primarily focused on measuring dry acidic deposition and rural
ozone. The program is now moving into the continuous measurement of PM, 5 species. In
Beltsville, MD, CASTNET is testing a prototype instrument that will produce hourly
measurements of particle and gaseous species. The CASTNET network is shown in Figure 2-3.
While the National Atmospheric Deposition Program (NADP) does not directly measure fine
particles in the MARAMA Region, NADP does measure many of the major constituents of
particles that are “rained out” in precipitation. The monitoring sitesin the NADP program are
mapped in Figure 2-3.

A i 1 & NADP
® MPRCVE Protocol
MPROVE
@ CASTHat

Figure 2-3IMPROVE, IMPROVE Protocol, CASTNET, and NADP Monitoring Sitesin the
MARAMA Region
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2.5 The PM, 5 Speciation Monitoring Program
2.5.1 Objectives and Extent of the Speciation Monitoring Program

EPA established the speciation program after the new PM,5 NAAQS was promulgated to help
understand the chemical composition of fine particle pollution. The objectives of the program
areto:

Assess the effectiveness of emission reduction strategies through the characterization of
air quality trends,

Support the development of predictive modeling tools and the application of source
apportionment modeling for control strategy development,

Support programs to improve environmental welfare such as the Regional Haze program,
and

Support health effects and exposure research studies.

The original program called for the establishment of 50 speciation sites that would analyze for
various elements and ions. The program has grown and today there are 54 Speciation Trends
Network (STN) sites and about 185 supplemental State and Local Air Monitoring Sites
(SLAMS) sites. STN and SLAMS sites are very similar operating similar samplers on similar
schedules. All STN samplers collect samples every third day. SLAMS samplers operate on
either a one-in-three day or one-in-six day schedule. They are synchronized to collect samples
on the same days as STN samplers.

2.5.2 Speciation Samplers Operated in the MARAMA Region

Forty-four speciation samplers are operated in the MARAMA Region. Met One SASS™
samplers are operated at 40 sites. Anderson RAAS samplers are operated at four sitesin
Maryland and Washington, DC. Figure 2-4 shows the location of speciation monitorsin
MARAMA Region.

Figure 2-4 Speciation PM ;5 Monitorsin the MARAMA Region
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A Met One SASS™ sampler is shown in Figure 2-5. The unit includes a solar radiation shield
and canister collection assembly (shown at top), a control box (shown at center), atripod, and
vacuum pump box (shown at bottom). A disassembled sampling canister for the monitor is
shown in Figure 2-6. Figure 2-6 shows the sharp cut cyclone (the device shown at upper right); a
magnesium oxide denuder (the sleeve shown at center); three canister screws; two filter cassettes

and filter spacer (ring-shaped parts at lower right); and the protective canister (the two parts on
far left).

e

-r'_

r11‘ r.
1

Figure 2-5 Met One SASS™ Monitor. Courtesy of Met One Instruments, Inc.
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Figure 2-6 Disassembled M et One SASS canister. Courtesy of Met One I nstruments, Inc.

On a sample day, a speciation sampler runs from midnight to midnight local time. In the
MARAMA Region, a*“sample”’ consists of threefilters. A nylon filter collects particul ate matter
for the analysis of ammonium, nitrate, sulfate, potassium, and sodium ions. A quartz filter
collects material for elemental and organic carbon analysis. A Teflon filter is used to measure
total mass and to collect material for the analysis of elements collected over the 24-hour
sampling period. Table 2-1 summarizes information about the three filters used in speciation
samplers and the analyses performed on these filters.

Table 2-1 Speciation Filters, Analytes, Analytical M ethod and Number of Species

Filter Analyte Analytical Method Number of Species
Nylon | Ammonium, Potassium, Sodium, lon Chromatography
Nitrate, Sulfate 5
Quartz | Elementa and Organic Carbon Thermal Optical
Transmittance 7
Teflon Elements and Total Mass Energy Dispersive X-Ray
Fluorescence and
Gravimetric Mass 49

T Includes elemental carbon, organic carbon, four organic carbon fractions, and pyrolyzed carbon. See Appendix A.
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As one can see from Table 2-1, asingle sampling day can produce data for about 61 different
anaytes. These data, amassed over years, serve as the input data for source apportionment
studies and other analyses of fine particulate matter. Appendix A provides a complete annotated
list of al of the anaytesin EPA’s chemical speciation program.

2.6 Selection of Monitorsfor the Analysis

The speciation program generates large and complex data. A single speciation monitor can
generate 7,442 observations per year for 61 species or analytes (see Appendix A for a complete
list of speciation analytes). The raw data needs to be quality assured and in some cases adjusted
before it can be used in comparative analyses. Given the large and complex nature of the data
and the limited resources available for anayzing these data, MARAMA and MARAMA
members chose to analyze the data from eleven monitorsin the speciation network. The
monitors chosen for this analysis are listed in Table 2-2.

Table 2-2 Monitors Selected for the MARAMA PM 5 Speciation Data Analysis Project

Date Date
Site Name County [Monitoring[M onitoring|Collection
AIRS Site|D (City) Name Started Ended [Frequency| Make | Model
Allegheny Co.
Lawrenceville
420030008 (Pittsburgh) Allegheny | 06/30/01 3 Met One| SASS
Delaware
100010003 Dover Kent 02/11/99 6 Met-One| SASS
MLK Jr. Avenue
100032004 (Wilmington) | New Castle | 02/14/99 6 Met-One| SASS
Washington, DC
McMillan Washington,
110010043 Reservoir DC 03/26/01 3 Andersen|RAAS-401
Maryland
Essex
240053001 (Baltimore) Baltimore | 10/01/00 3 Andersen RAAS-401
New Jersey
Elizabeth
Laboratory
340390004 (Elizabeth) Union 05/13/01 3 Met-One| SASS
North Carolina
Garinger H.S.
371190041 (Charlotte) Mecklenburg| 10/01/00 3 Met-One| SASS
371070004 Kinston Lenoir 01/01/02 6 Met-One| SASS
Pennsylvania
420010001 Arendtsville Adams 07/01/01 6 Met-One| SASS
Philadelphia
Air Mgt. Services
(AMYS)
421010004 Laboratory Philadelphia| 02/04/99 3 Met-One| SASS
Virginia
DEQ Monitoring
517600020 Office Richmond | 03/02/01 12/26/03 3 Met-One| SASS
B
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The following general criteriawere used to select monitors for inclusion in this analysis:

Select at least one monitor in each of MARAMA'’s ten member jurisdictions

Provide good geographical coverage (good spatial distribution of monitors) across the
MARAMA Region,

Analyze monitoring data in nonattainment aresas,

Include at least some “rural” monitors and

Ensure monitors analyzed have adequate data records.

In some cases, al of these criteria could not be completely met. For example, a West Virginia
speciation monitor could not be included in the regional analysis found in this report because
speciation monitoring only began in West Virginiain late 2003. The short data record for West
Virginia monitors precluded them from being used in regional comparisons that were based on
2001 to 2003 data.

Since the speciation program is primarily an urban air monitoring network, there are very few
rural monitorsin the MARAMA Region. Some speciation monitors have been put in placein
rural areas, however. The monitors at Luray Caverns, VA and State College, PA are good
examples. In most cases, however, the data record for rural speciation monitors in the Region
was too short for usein thisanalysis. There are rural IMPROVE and rural IMPROV E Protocol
monitors in the Region. If careis exercised, speciation data from IMPROV E monitors can be
compared with speciation data collected by state and local agencies. While these comparisons
are possible, they were not made in this analysis.

@ Sokeced Monihoes

¥ Specadicn Monilors

Figure 2-7 Selected and Non-Selected Speciation PM ;5 Monitorsin the MARAMA Region
In spite of the limitations mentioned above, MARAMA and MARAMA members were able to
identify a collection of urban and rural monitors that were well distributed geographically across

B
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the Region and provided data for many nonattainment areas. The monitors selected are mapped
in Figure 2-7.

2.7 The Episodic Nature of PM, 5 Pollution

From prior work in developing air quality forecasting tools that predicted PM. s concentrations,
MARAMA was aware that PM, 5 concentrations often rise and fall sympathetically across much
of the MARAMA Region. An example of this behavior is shown in Figure 2-8, atime series plot
of twenty-two FRM monitors that measured PM, s mass every day from April through June
2003. Asone would expect over such awide area, monitors in different locations did not always
measure the same or similar mass concentration on agiven day. What is surprising, however, is
how often monitors in different locations did in fact measure the same or similar mass
concentration on a given day. The episode in late June 2003 shown in Figure 2-8 isacasein
point when al 22 monitors in the region rose to concentrations above 38 pg/m® during alarge
scale ammonium sulfate event. Appendix B provides a time series covering the period from
January 1, 2001 through December 31, 2003. As the extended time series in the Appendix
shows, there were many periods when monitors across the region rose and fell together.
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Figure 2-8 April —June 2003 Time Series, 22 FRM Monitorsin the MARAMA Region

Initially, MARAMA planned to analyze a few “clean” episodes when PM;s mass concentrations
were low and afew “dirty” episodes when PM s mass concentrations were high in the region.
As MARAMA began addressing the complexities of processing and adjusting the speciation data
from eleven monitoring sites, it became clear that an analysis of episodes would be outside the
scope of the current project. Episode analysis work could and should be done, however. For
example, it would be interesting to know what meteorological regimes and air pollution source
regions are involved when PM s mass concentrations are high and low. The back trgectory
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analyses included in each site-analysis in this report provide some initia insights as to which
source regions are involved on high and low PM, 5 days at a particular monitoring site.
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3 Methodology and Data Handling Techniques for Speciation Data

Today, EPA Region |11 spends about $1 million per year funding state and local speciation
monitoring programs. Nationally, EPA has spent about $50 million on the speciation program
sinceitsinception. State and local agencies have also spent large amounts of time and money on
the program. In short, large amounts of resources have been spent implementing and operating
the speciation program.

The complex nature of the speciation data has been an impediment to wide scale use of
speciation data. Recognizing that EPA and state agencies spend large amounts of money
collecting speciation data, and that scientists, health researchers, and the air quality community
need speciated data for their work and analyses, MARAMA developed a step-by-step guide that
helps analysts access and use speciation data. By summarizing the data handling techniques
needed to access and process speciation data, MARAMA hoped to make the data more
accessible and foster the datal suse in air quality analyses. The following paragraphs provide a
straightforward, step-by-step guide to speciation data. The paragraphs describe in detail how to
access, process, and use speciation data.

3.1 Where Speciation Data can be Obtained

PM 5 speciation data is available from three main sources. EPA’s AQS database, files posted on
an EPA web site, and through state and local agencies. Speciation data can be obtained directly
from EPA’s Air Quality System (AQYS) if one has access to this enormous database. Accessto
AQS is provided through the Information Management Group of EPA’s Office of Air Quality
Planning and Standards (OAQPS) or through EPA regional offices. In general, accessto AQSis
restricted to registered users who upload and process raw AQS data. The general public,
scientists, and researcher are usually not granted access to AQS because of the load this large
number of users would place on the system. In July 2006 however, EPA plans to open an AQS
“Data Mart” which will make large amounts of AQS data available to the general public. For
more information on the AQS Data Mart see: http://www.epa.gov/ttn/airs/agsdatamart/. Before
the Data Mart opens, speciation data and other AQS data can be requested directly from EPA
without becoming aregistered user of AQS. Data requests can be submitted on-line at:
http://www.epa.gov/ttn/airs/airsags/detai | data/datarequest.html.

Files posted on the Internet offer a second way to access speciation data. EPA has compiled raw
speciation data from AQS in large data files that can be downloaded from EPA’ s Technology
Transfer Network (TTN). Speciation and a wealth of other data can be downloaded from:
http://www.epa.gov/ttn/airs/airsaqs/detail data/downl cadagsdata.htm. On this web site,

speciation data is found in the row of data marked, “PM Fine Speciation® *

RD 501 SPEC yyyy.ZIP.” Intherow, EPA has posted files for 2000 through 2005. Current
year data files are incomplete because there is a time lag between the date a field measurement is
made and the date the data is uploaded to AQS or posted on EPA’s website. Speciation datafiles
from the EPA web site can be quite large, sometimes as large as 100 MB. Section 3.2 below
describes how to open and process these large files.

MARAMA has also posted speciation data on its web site. On MARAMA'swebsite, datais
available for eleven monitoring sites in the MARAMA Region. Reformatted, “user-friendly”
Speciation datasets are available under the heading, “MARAMA’s Particulate Matter (PM25s)
Data Analysis Project” on MARAMA's “Projects’ web page at:
http://www.marama.org/Projects.
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A third way to obtain speciated data is through state and local air quality agencies. Contact
information for your state or local air quality agency is available from the State and Territorial
Air Pollution Program Administrators (STAPPA) and the Association of Local Air Pollution
Control Officials (ALAPCO) at: http://www.4cleanair.org/.

3.2 Processing Speciation Data
3.2.1 Obtaining Speciation Data Directly from the AQS Database

If you have access to EPA’s AQS database, you will find it provides easy access to speciation
data. AQS allows a user to download data by monitor, which makes for smaller more
manageable data files than those posted on EPA’s TTN web site. AQS will also allow a user to
download data for a date range, not just a single year, which is atimesaver for many users. The
file format for an AQS query will be exactly the same as the files downloaded from EPA’s
website. To obtain speciation datafrom AQS, run a query to “Extract Raw Data’, report code
“AMP501.” Inthe monitor selection window, input the AIRS number for the monitor, the date
range, the POC code. Under the “Pollutant Type”’ select “ Speciation”. If you select output in a
text file, the file generated by AQS can be imported directly into Microsoft Excel as apipe
delimited (|) datafile.

3.2.2 Downloading “ Zipped” Data Filesfrom EPA’sTTN Web Site

If you do not have access to EPA AQS database, you can obtain speciation data from EPA’s
TTN website. Go to: http://www.epa.gov/ttn/airs/airsags/detaildata/downl oadagsdata.htm. On
this page you will find a table of files organized by year and type data. Each filein thetableisa
detailed raw datafile extracted from the AQS database. For speciation data, locate the row
marked, “PM Fine Speciation” *RD_501_SPEC_yyyy.ZIP.” In thisrow you will find speciation
datafilesfor 2000 through 2005, one data file per column. The most recent year is marked
“SPEC 2005.” The files contain datafor every speciation monitor in the United States and every
analyte measured at those monitors for every sample day in that year. Select the years you wish
to analyze and download these files to your computer.

3.2.3*Unzipping” Downloaded Files and Importing Data into Microsoft Access

The file you download from the TTN will be atext file in “zipped” (compressed) format. Use
WinZip or another zip program to unzip (decompress) it. See www.winzip.com. If you are
operating in a Microsoft Office environment and have the full suite of Microsoft programs, you
can import the downloaded, unzipped text file into Microsoft Access. Importing the file directly
into Microsoft Excel would save a step, but Excel has an internal limit of 65,536 rows of data
and afull year of speciation data from the TTN website will exceed that number of rows. In
Access, import the “pipe delimited” (“|") text file using Access's “Import” feature. Thefileis
now ready to be filtered for your specific needs.

The first row of the imported Accessfileisa*®column header row” that contains field
names/descriptions for each of the recordsin the file. Each row under the header row is a data
record. Specific monitoring sites can be identified by their AIRS code. The AIRS codeisa
nine-digit numeric code that combines the two-digit state code, the three-digit county code, and
the four-digit site ID for the monitoring site. A full list of state and county codes is available
from: http://www.epa.gov/ttn/airs/airsags/manual s/StateandCountyCodes.htm to help you
identify states and counties of interest.
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In Access, filters for the state or specific monitoring site you wish to analyze. After the filtering
process, copy all rows and columns from the filtered database and paste them into a Microsoft
Excel workbook. If you selected all the data for a particular state in Access, you can filter again
in Microsoft Excel for a specific monitor by filtering on the fields: State Code, County Code, and
Site ID.

3.2.4 Filtering for the Correct POC Code and Parameter Codes

Each data file from the TTN contains not only speciation data but also PM, 5 Federal Reference
Method (FRM) data and continuous PM. 5 data, if data for those monitors was collected at the
site. To select only speciated data, filter the Excel datafor Parameter Occurrence Code (“POC
code”) five. Thisshould result in daily measurement data with a variety of parameter codes
including the codes between 88101 and 88403, the speciation data. Parameter codes are numeric
codes that indicate the specie being measured. For example, the parameter code for sulfate is
88403. For acomplete list of parameter codes, see:

http://www.epa.gov/ttn/airs/airsags/manual s/parmcodesbyclasscode. htm#SPECIATION.

Caution must be exercised when filtering the data by POC code. In some cases, speciation data
has been assigned POC code three or six or some other number. Data assigned POC code one or
two are usualy PM,s FRM data. POC code three datais usually continuous PM; s data. In any
case, speciation data can be identified as data:

Obtained over a 24-hour period,
On either a 1-in-3 or 1-in-6 day sampling schedule, and
With parameter codes from 88101 (total PM, 5 mass) through 88403 (sulfate).

Once the correct POC code has been identified and the Excel spreadsheet has been filtered for
this POC code, the data can be filtered for the correct Parameter Codes. Filter the Parameter
Codes for values greater than or equal to 88101 to select all the analytes in the speciation
program. Thiswill remove meteorological data, Parameter Codes 68103 to 68108, associated
with the POC code you selected. At this point, the dataset isfiltered by: State Code, County
Code, Site ID, POC Code and Parameter Code.

3.2.5 Handling Null and Flagged Data

The data obtained from the EPA web site or AQS will contain null and flagged records. Null
data are records with no sample value recorded. Flagged data are data that are special in some
way and are assigned a qualifier code to denote what is special about this observation. Null Data
Codes and Qualifiers (flags) are fields in the dataset that appear as columns to the right of the
dataset’ s sample values. An explanation of Null Vaue Codesis provided in Table B.10.9 on
page 81 of Volume I, Quality Assurance Project Plan, Chemical Speciation of PM.s Filter
Samples. Thisimportant document, the QAPP for the speciation program, is available at:
http://www.epa.gov/ttn/amtic/specguid.html. Null Data Codes explain why data values are
missing for arecord. Research Triangle Institute, Inc. (RTI), the laboratory analyzing speciation
samples, assigns Null Data Codes based on information received from the monitoring agency
that provided the sample.

Qualifiers (flags) are explained in Table B.10.8 on page 80 of the QAPP. Flags provide
additional information about a measurement. Many flags describe specia circumstances
associated with a measurement (high winds, volcanic eruptions, sandblasting, forest fire, etc.)
Other flags give some indication why a sample should be considered invalid for example, “flow
range average out of specification.” Some flags are vague, for example “outlier — cause

T
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unknown” and provide little guidance as to whether to include or exclude a data point in an
anaysis.

Flags are assigned to the data by RTI and the state and local agencies. Flags may be generated at
any stage in the process of taking, analyzing, and quality-assuring a sample. A flag can be
generated by sampler equipment, the field technician servicing the sampler, lab staff inspecting
incoming samples, lab staff performing chemical analyses, and lab staff performing “Level 0"
and “Level 1" data validation checks. The data validation process and the assignment of flags
are described in detail in the RTI publication, “ Data Validation Process for the PM, s Chemical
Speciation Network” which is available at: http://www.epa.gov/ttn/amtic/specdat.ntml. Many
flags found in speciated data are generated during Level 1 data validation checks when mass
balance and ion ratio checks are performed. For alook at the flag structure of the data used in
this report, see Appendix C.

In the datasets posted on MARAMA'’s web site and in the data used in preparing this report, null
values (missing data) and flagged data have been removed. While some valid data may have
been excluded by removing flagged data, removing flagged data from consideration seemed the
prudent thing to do given that the amount of data removed from consideration was small and that
there was no straightforward method to determine which flagged data should be retained or
excluded.

If you determine you would like to remove null and flagged data in the dataset you are preparing,
filter the Null Data Code field for and the Qualifier (flag) fields for non-blanks and del ete these
data.

3.2.6 Pivoting the Data

While analyses can be performed on the filtered dataset described above, many analysts like to
take the dataset one step further that makes the data even more user friendly. In this step, the
filtered datais rearranged or “pivoted” into a new collection of columns ordered by date.
Excel’ s pivot table feature easily accomplishesthistask. In Excel’s “Data” menu, select
“PivotTable and PivotChart Report.” When pivoting the filtered data, click, drag, and drop:

The “Dates’ field where Excel says “Drop Row Fields Here”

The “POC” and “Parameter Code” fields where Excel says“Drop Column Fields Here”,
and

The “Sample Value” field in the “Drop Data ltems Here” area.

The resulting table, organized by date and parameter, makes a good “working dataset” that can
be used to easily draw time series and reconstruct total PM mass from mass constituents.

3.2.7 Blank Correcting Organic Carbon Measurements

Measuring organic carbon aerosol istechnically challenging. It is challenging because of the
large number of compounds being measured, the changing physical conditions that occur during
typical sampling periods (changing temperature and relative humidity, for example), gas
phase/solid phase dynamics, and many other factors.

When organic carbon aerosol is measured in the sampling equipment deployed in the speciation
network, there can be both positive and negative sampling biases. These biases are frequently
referred to as “sampling artifacts.” Sampling artifacts are afunction of:
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Volatile organic compound or semi-volatile organic compound concentration or specie,
Temperature,

Relative humidity,

Filter lot, filter preparation, filter storage, or filter handling,

Sampler flow rate, and

Other variables.

Positive artifacts occur when sample filters adsorb organic carbon gases and these gases add
mass to the organic carbon particulate matter mass measurement. Negative artifacts occur when
particulate matter on a sample filter volatilizes and is lost before weighing (Solomon, 2004).

Sophisticated techniques can be used to evaluate organic carbon artifacts, but these techniques
are usually employed in research settings. These techniques utilize back up filters, parallel
sampling ports and additional filters, and denuders. These techniques are not employed in the
speciation network.

To help correct for positive artifacts in the STN/SLAM speciation network, organic carbon
measurements made by the network should be “blank corrected.” While blank correcting does
not resolve al the issues associated with organic carbon artifacts, it does compensate for the
organic carbon found on field and trip blanks.

Field blanks are filters that are taken to a monitoring site by afield technician. They are placed
in the sampler briefly and then removed and sent to the analytical lab for analysis. Field blanks
attempt to measure contamination and measurement artifacts associated with shipping and field
handling. Trip blanks are handled in similar fashion except they are not placed in the sampler.
They are ssmply taken into the field to a monitoring site and then sent on to alab for analyses.
Trip blanks attempt to measure contamination and measurement artifacts associated with
shipping. The field and trip blanks for organic carbon used in the STN/SLAM speciation
network are usually positive. That is, un-sampled field and trip filters contain measurable
amounts of organic carbon. This un-sampled amount of organic carbon mass must be subtracted
from measurements to improve the accuracy of these measurements. Organic carbon blank
values vary across the various samplers in the speciation program (Anderson, Met One,
Rupprecht & Patashnick, and URG). They also vary over time.

There are several methods for blank correcting organic carbon measurements. Two approaches
are frequently commonly applied. Tolocka et al. and more recently Kim et al. (Tolocka et dl.,
2001; Kim et al., 2005) have demonstrated the regression technique where linear regression is
applied to total PM, 5 mass data and speciated organic carbon data. Total mass measurements
are plotted on the x-axis and speciated organic carbon measurements are plotted on the y-axis.
The y-intercept, the value of organic carbon when total massis zero, is an estimate of the organic
carbon blank. A typical regression plot for Charlotte, NC is shown in Figure 3-1. After the
estimated carbon blank is determined by regression, this value is subtracted from actual
measurements to blank correct the data. The regression approach generally produces good
results and is the only method available if organic carbon blank data are not available. Since the
approach relies on linear regression for its result, the usual cautions associated with linear
regression apply (Neter, et a., 1996).
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Figure 3-1 Example of an Organic Carbon vs. PM 5 Mass Concentration Plot (Charlotte, NC)

Another method of blank correcting organic carbon data involves averaging organic carbon
blanks over time. This straightforward technique has the advantage of being based on actual
blank measurements. When applying this technique, it is a good ideato plot organic blank
values over time. Time series plots provide important “history” on blank levels, reveal trends if
present, give a sense of the variability of the blank data, and provide an opportunity to identify
extreme or possibly extraneous values. A typical time series plot is shown in Figure 3-2.

MARAMA plotted organic carbon blank values over time for each site, analyzed these plots, and
calculated the average organic carbon blank for the site. The average blank value was subtracted
from the organic carbon data for the site. To provide some sense of the variability of organic
carbon blanks, time series plots of blank values for each sampling site are presented in Appendix
D.

In the early years of the speciation program, blank data were not posted in EPA’s AQS database.
Starting in July of 2004, Research Triangle Institute, Inc., EPA’s speciation contractor, began
posting blank data for all analytesin the speciation program in the AQS database. Blank data for
measurements made before July 2004 will be “backfilled” in AQS at some future date. The
blank data MARAMA used in this analysis was obtained directly from RTI.
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Figure 3-2 An Example of a Time Series plot for Organic Carbon Blanks (Charlotte, NC)
Since the regression technique and the blank averaging technique are viable methods of

estimating organic blank concentrations, MARAMA compared the two methods at five sites.
Table 3-1 compares the organic carbon blank values obtained from the two approaches.

Table 3-1 Comparison of Organic Carbon Blank Values from the Regression and Average Blank Approaches

Averaging

Regression Approach Approach

AIRS Site Y-Intercept/ OC OC Blank

Number | Site County, State Blank (ug/m°) R? (ng/m’)

420030008 | Lawrenceville | Allegheny, PA 1.97 0.50 1.22
371190041 | Charlotte Mecklenburg, NC 2.23 0.40 1.47
371070004 | Kinston Lenoir, NC 0.25 0.73 1.49
340390004 | Elizabeth Union, NJ 2.45 0.59 1.41
420010001 | Arendtsville | Adams, PA 1.56 0.67 1.24
Average 1.64 1.33
Std. Dev. 0.79 0.14

The average organic carbon blank value, averaged across all sites and seasons, was 1.27 pg/nr.
The average seasonal organic carbon blank, averaged across al sites, was highest in the summer
at about 1.36 pg/m® and lowest in the spring at 1.19 pg/m®. Many sites did not behave like the
regional average, however. Six sites, for example, had their highest blank levels in the winter
and fal. The highest average blank value, averaged over the study period, was measured at
Charlotte, NC at 1.56 pg/m>; the lowest blank value was measured at Baltimore, MD at 0.94

B
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ng/m’. MARAMA applied average, site-specific organic carbon blank correctionsin its
calculations. Applying season-specific blank corrections would have improved the accuracy of
organic carbon mass estimates, but this refinement was not pursued given the large uncertainties
associated with assigning an OM/OC ratio to the organic carbon data.

After consultation with RTI, MARAMA decided it was not appropriate to blank correct
elemental carbon measurements. RTI believed there was little chance blanks would be
contaminated with elemental carbon. Perhaps more importantly, prior to a software upgrade to
lab equipment in the fall of 2003, some organic carbon in the TOT analysis of field and trip
blanks was being mistakenly assigned to elemental carbon. As aresult, elemental carbon blanks
during the period of this study may actually represent small amounts (about 0.1 pg/m?®) of
organic carbon, not elemental carbon. Fortunately, the incorrect assignment of organic carbon as
elemental carbon occurred only in the analysis of blanks.

3.2.8 Converting Blank Values from Units of pg/filter to Units of pg/m®

Blank data obtained from the AQS database or RTI are in units of pg/filter. Before these data
can be averaged and applied to actual measurements, they need to be converted from units of
ug/filter to units of concentration (ug/m°). Conversions are a function of flow rate and vary
between samplers. The conversion equation below isfor aMet One SASS Speciation sampler
with aflow rate of 6.7 liters per minute. The Met One SASS sampler is by far the most
frequently used sampler in the MARAMA Region. Conversions from units of pgffilter to units
of concentration (ug/m°) can be made for other samplers, if the sampler’s flow rate is known.

ug ug 1 1 1,000 liters

meters’  filter 6.7 literSminute 1,440 minutes ~ meters’

3.2.9 Reconstructing PM ;5 Mass
3.2.9.1 The Equationsfor Reconstructing Mass

Reconstructing PM, 5 mass from its component partsis an important part of the analysis of
speciated data. Comparing reconstructed mass (RCM) values to measured total mass, either
measured by the speciation monitor or a collocated FRM monitor, provides a good quality-
assurance check of the mass data from the site. Calculating reconstructed mass through mass
bal ance techniques provides important information about the types of species measured at the
site and their relative importance in terms of their contribution to total mass.

To calculate reconstructed mass, MARAMA used a modified version of the “traditional”
reconstructed mass equation developed by the Desert Research Institutes (Tropp, 2004). DRI’'s
traditional equation is shown below.
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DRI Traditional Reconstructed Mass Equation
1. Unidentified Material = Measured Mass - Reconstructed Mass
2. Geological =1.89*Al +24*S + 1.4*Ca+ 1.43*Fe
3. Organics = 1.2*Organic Carbon
4. Soot = Elemental Carbon
5. Nitrate = Nitrate
6. Sulfate = Sulfate
7. Ammonium = Ammonium
8. Salt =1.65*Cl
9. Trace Elements = S(XRF Measured Species) - (Al+Si+CatFet+S+Cl)
10. Reconstructed Mass = S(ltems 2-9)

In the equation, “Measured Mass’ is the total mass as measured gravimetrically by the speciation
monitor. Reconstructed Mass is the sum of items 2 through 9. The chemical symbolsin the
eguations represent the measured concentrations of these chemical species from the lab analysis
of the samplefilters. The constants in the geological equation estimate the mass associated with
soil or windblown dust. The constants estimate the mass of “typical” U.S. soil: average
AlIO/AIO,, SIO,, Cal, and FeO/FeO, concentration. The factor 1.2 for organic carbon is the
Organic Mass to Organic Carbon OM/OC ratio. Thisratio coverts the organic carbon value from
the speciation dataset into an estimate of organic carbon mass concentration. The factor 1.65 for
salt estimates the presence of sodium chloride from the XRF chlorine measurement. Finally, the
“Trace Elements’ isa summation of al the elemental substances measured by XRF less the trace
elements already accounted for in other constituent calculations.

3.2.9.2 A Modified Equation for the Geological Component of PM,5 M ass

Because a uminum measurements are often less than the minimum detection limit (MDL) of the
x-ray fluorescence equipment used in the chemical speciation program, analysts have suggested
an alternative eguation for estimating the geological component of reconstructed PM, s mass
(Frank, 2005 and Poirot, 2001). The alternative equation does not rely on aluminum
measurements. Instead, it uses factors for silicon, calcium, iron and titanium to estimate the
geological component of PM»s mass. Using the alternative equation for geological material
proved to be a good solution since MARAMA found, like others, that aluminum measurements
were often zero or beneath the XRF s MDL. In the datasets MARAMA examined, about 80
percent of aluminum measurements were beneath the MDL. Using the aternative equation for
the geological component of PM2s mass did increase the amount of mass allocated to this mass
fraction by about 40 percent. While thisis alarge increase, the increase was small in relative
terms when considering total mass. Since the geological component of PMs massis quite small
in the MARAMA Region, increasing the size of the geological component by about 40 percent
made little difference in the contribution the major species make to total mass. It should be
noted that the equation for the geological component of PM,s mass is an estimate of the soil
component that assumes that all of the silicon, calcium, iron and titanium found in the sample are
associated with soil or crustal material. While this assumption may be reasonable for rura sites,
it may not be a reasonable assumption for urban sites where iron or other “soil” elements may be
emitted from non-soil sources. Asaresult, estimates of the geological component of PM, 5 mass,
especialy in urban areas, should be viewed as just that, estimates.
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3.2.9.3 Increasing the OM/OC Ratio from 1.2to 1.6

In addition to the refinement for the geological component, MARAMA also applied alarger
OM/OC ratio in calculations that estimate organic carbon mass than the one used in early
reconstruction equations. Work by Dr. Barbara Turpin (Turpin, 2001) and recent research
suggested that the OM/OC ratio used in early mass reconstruction equations, 1.2, was too low for
correctly estimating organic carbon mass (El-Zanan et a., 2005; Polidori, 2005; Zhang, 2005).
A literature search revealed that much higher values were being measured or estimated for the
OM/OC ratio. Dr. Andrea Polidori, when he was a doctoral student at Rutgers University,
determined the OM/OC ratio for a site in downtown Pittsburgh to be 1.91 +/- 0.24 (1s), if only
extractable organic carbon was considered in calculating the OM/OC ratio. If both extractable
and non-extractable organic carbon were used to calculate the OM/OC ratio, the 13-month
average OM/OC ratio was 2.05 +/- 0.18. Dr. Polidori’s OM/OC ratio determinations were based
on July 2001 to July 2002 sample data. Q. Zhang et al. independently calculated an OM/OC
ratio of 1.8 for submicron organic aerosol in Pittsburgh using data from September 2002.

In estimating organic carbon mass for the sitesin this analysis, MARAMA was faced with the
dilemma of selecting the best possible OM/OC ratio for these sites knowing that these ratios vary
Site-by-site, season-to-season, even measurement-to-measurement. Site-specific OM/OC ratios
had not been determined for sites examined in this analysis, although Dr. Polidori had
determined an OM/OC ratio for a site in Pittsburgh not far from the Lawrenceville monitoring
site.

After reviewing technical papers on the measurement of organic carbon aerosol, consulting
researchers, and conducting a sensitivity analysis, MARAMA chose to use an OM/OC ratio of
1.6 for all sites because:

1.6 isviewed as a good estimate of the OM/OC ratio at urban sites (Turpin, 2001) and
most sites analyzed in this report are urban sites,

1.6 yielded better mass closure than higher ratios at urban sites, and many urban sites are
of specia interest to MARAMA members since some of these sites violate the PM5 5
annual NAAQS, and

Using the same OM/OC ratio at all sites provided insight as to what the actual OM/OC
ratio might be if it were experimentally determined.

While applying an OM/OC ratio of 1.6 to organic carbon data allows qualitative comparisons
between monitoring sites, it isimportant to remember that organic carbon mass concentrations
presented in this report are estimates of actual concentrations. To more accurately estimate
organic carbon measurements at any particular site, site-specific OM/OC ratios would have to be
determined for that site. Site-specific OM/OC ratios are determined experimentally by
extracting and measuring the organic compounds deposited on sample filters. This has not been
done for the sites analyzed in this report.

In a sensitivity analysis, MARAMA explored the application of OM/OC ratios of 1.6 and 1.9 at
the sites studied. An OM/OC ratio of 1.6 was thought to be a good estimate of urban organic
aerosol (Turpin, 2001). An OM/OC ratio of 1.9 was measured at one site within the region
(Polidori, 2005) and was a potential estimate of “reasonably aged” organic aerosol that might
approximate the OM/OC ratio at many monitoring sites in the MARAMA Region.
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Tables 3-2 and 3-3 show that the mass closure achieved by applying different OM/OC ratiosto a
site’ s datawas site dependent. A ratio of 1.6 produced better mass closure than 1.9 at urban sites
like Baltimore, MD, Elizabeth, NJ, Philadelphia, PA, Pittsburgh, PA, Richmond, VA,
Washington, DC, and Wilmington, DE. A ratio of 1.9 resulted in better mass closure than 1.6 at
rural siteslike Arendtville, PA, Dover, DE, Kinston, NC. Asresearch has shown, larger OM/OC
ratios need to be applied at rural sites where “aged organic aerosol” (higher molecular weight
aerosol) is present. (Turpin, 2001; Kiss et al., 2002; Russell, 2003; El-Zanan et al., 2005; Reff,
2005; Takegawa et al., 2005). Surprisingly, aratio of 1.9 also produced good mass closurein
urban Charlotte, NC.

Tables 3-4 and 3-5 show results of the sensitivity analysis applied to just the urban sites
anayzed. Considering just the urban sites, an OM/OC ratio of 1.6 underestimates gravimetric
mass by only about 1.4 percent across all sites while an OM/OC ratio of 1.9 overstates
gravimetric mass by about 8.2 percent. Thus, 1.6 appears to be a better OM/OC ratio for making
comparisons between sites, especially urban sites, for the purpose of this study. Hopefully,
future work will establish site-specific OM/OC ratios. Known OM/OC ratios will allow accurate
site-to-site comparisons of organic carbon mass concentration.

Table 3-2 Sensitivity Analysis of OM/OC Ratios, OM/OC = 1.6

Reconstructed Absolute

Gravimetric | Mass (OM/OC =| Difference | Percent Value of %

Site Mass (ug/m3)| 1.6) (Lg/m3) (ug/m3) | Difference | Difference
Arendtsville, PA 16.46 15.15 -1.31 -7.95 7.95
Baltimore, MD 15.93 16.32 0.39 247 247
Charlotte, NC 15.68 14.68 -1.00 -6.36 6.36
Dover, DE 14.56 13.35 -1.21 -8.32 8.32
Elizabeth, NJ 17.96 19.07 111 6.20 6.20
Kinston, NC 13.74 12.56 -1.18 -8.61 8.61
Philadel phia, PA 16.66 17.21 0.55 3.30 3.30
Pittsburgh, PA 17.49 17.37 -0.12 -0.66 0.66
Richmond, VA 15.44 16.16 0.72 4.69 4.69
Washington, DC 15.98 16.43 0.45 2.82 2.82
Wilmington, DE 16.93 16.75 -0.18 -1.07 1.07
Average 16.08 15.91 -0.16 -1.23 4.77

T
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Table 3-3 Sensitivity Analysis of OM/OC Ratios, OM/OC = 1.9

Reconstructed Absolute

Gravimetric [ Mass (OM/OC =| Difference | Percent Value of %

Site Mass (ug/m3)|  1.9) (ug/m3) (ug/m3) | Difference | Difference
Arendtsville, PA 16.46 15.86 -0.60 -3.63 3.63
Baltimore, MD 15.93 17.40 1.47 9.26 9.26
Charlotte, NC 15.68 15.77 0.09 0.58 0.58
Dover, DE 14.56 14.03 -0.52 -3.60 3.60
Elizabeth, NJ 17.96 20.36 2.40 13.36 13.36
Kinston, NC 13.74 13.42 -0.32 -2.36 2.36
Philadel phia, PA 16.66 18.37 1.71 10.23 10.23
Pittsburgh, PA 17.49 18.39 0.90 5.17 5.17
Richmond, VA 15.44 17.45 2.01 13.05 13.05
Washington, DC 15.98 17.49 151 9.46 9.46
Wilmington, DE 16.93 17.70 0.76 451 451
Average 16.08 16.93 0.86 5.09 6.84

Table 3-4 Sensitivity Analysis of OM/OC Ratios, OM/OC = 1.6 with Rural Sites Removed
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Reconstructed Absolute

Gravimetric | Mass (OM/OC =| Difference | Percent | Valueof %

Site Mass (ug/m3)|  1.6) (Lg/m3) (ug/m3) | Difference | Difference
Baltimore, MD 15.93 16.32 0.39 2.47 2.47
Charlotte, NC 15.68 14.68 -1.00 -6.36 6.36
Elizabeth, NJ 17.96 19.07 111 6.20 6.20
Philadel phia, PA 16.66 17.21 0.55 3.30 3.30
Pittsburgh, PA 17.49 17.37 -0.12 -0.66 0.66
Richmond, VA 15.44 16.16 0.72 4.69 4.69
Washington, DC 15.98 16.43 0.45 2.82 2.82
Wilmington, DE 16.93 16.75 -0.18 -1.07 1.07
Average 16.51 16.75 0.24 1.42 3.44
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Table 3-5 Sensitivity Analysis of OM/OC Ratios, OM/OC = 1.9 with Rural Sites Removed

Reconstructed Absolute

Gravimetric | Mass (OM/OC =| Difference | Percent Value of %

Site Mass (ug/m3)|  1.9) (ug/m3) (ng/m3) | Difference | Difference
Baltimore, MD 15.93 17.40 1.47 9.26 9.26
Charlotte, NC 15.68 15.77 0.09 0.58 0.58
Elizabeth, NJ 17.96 20.36 2.40 13.36 13.36
Philadelphia, PA 16.66 18.37 1.71 10.23 10.23
Pittsburgh, PA 17.49 18.39 0.90 5.17 5.17
Richmond, VA 15.44 17.45 2.01 13.05 13.05
Washington, DC 15.98 17.49 1.51 9.46 9.46
Wilmington, DE 16.93 17.70 0.76 4.51 4.51
Average 16.51 17.87 1.36 8.20 8.20

3.2.9.4 The Modified DRI Reconstructed M ass Equation

The modified mass reconstruction equations, incorporating the new geological equation and the
revised OM/OC ratio, are shown below. These equations were used in this analysis to
reconstruct PM, s mass and calculate the component parts of total mass. These equations were
also coded into Excel spreadsheets to reconstruct PM ;s mass in the “user friendly” speciation
datasets MARAMA developed for its members and posted on its web site.

1. Unidentified Material = Measured Mass - Reconstructed Mass

2. Geological =3.73*S + 1.63*Ca+ 2.42* Fe+1.94*Ti

3. Organics = 1.6*Organic Carbon

4. Soot = Elemental Carbon

5. Nitrate = Nitrate

6. Sulfate = Sulfate

7. Ammonium = Ammonium

8. Sat =1.65*Cl

9. Trace Elements = S(XRF Measured Species) - (Si+CatFetTi+S+Cl)

10. Reconstructed Mass = S(Items 2-9)
3.2.9.5 Comparing Reconstructed Mass against Gravimetric Mass

After calculating reconstructed mass, it isimportant to compare the result with the gravimetric
mass as determined by the speciation sampler and/or the co-located FRM monitor. The
reconstructed mass and the gravimetric mass will probably not agree exactly, but they should be
closeinvaue. Large differencesin the two values should be investigated. Large differences
might indicate an error in the gravimetric mass measurement, error in one or more of the
speciated mass measurements, selection of an inappropriate OM/OC ratio, or other problems.

3.3 Data Beneath the Method Detection Limit

This report focuses on compiling, processing, and analyzing data for the five mgor components
of PM, s mass —ammonium, elemental carbon, nitrate, organic carbon, and sulfate. The focusis
on these components because they often make up 90 percent or more of the measured mass. In
addition to the data for the five major species, however, alarge amount of data on the elements
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in asample is reported in the speciation program. The program analyzes for 48 elements using
energy dispersive x-ray fluorescence as the analytical method.

To gain some insight into whether the major species were being measured above the Method
Detection Limit (MDL) of the analytical laboratory processing filters, MARAMA evauated the
speciation data from the Wilmington, DE. MARAMA calculated the MDL for all analytesin the
speciation program and determined the percentage of measurements for each analyte that fell
below the MDL. Appendix E lists these results. Table 3-6 is a subset of the information
presented in Appendix E. Asthe Table shows, all measurements of the five major species at
Wilmington from June 12, 2001 to December 29, 2003 are not zero and all measurements, except
afew for elemental carbon, are above the MDL. As Table 3-7 shows, however, many
measurements for trace elements are zero or below the MDL. The large number of
measurements at zero or beneath the MDL raises many questions such as:

How accurate and precise are the measurements below the MDL?
Isit cost effective to continue to make these measurements?

If trace element measurements are important for source identification or source
apportionment modeling, how can these measurements be improved?

In the limited scope of MARAMA'’s project, MARAMA did not address these important
guestions. MARAMA did briefly examine data from two identical speciation samplers located
in New Brunswick, NJ that sasmpled from February 6, 2001 to November 12, 2005. MARAMA
found poor correlation between some of the trace element measurements made by these co-
located samplers. For example, correlation between selenium measurements made beneath the
MDL was very poor (R?=0.09). This may be important because selenium is a marker specie for
coa combustion sources and some source apportionment model ers may be using these “less than
the MDL data’ in their modeling.

Further work should be done to explore the quality of trace element measurements, made both
above and below the MDL, since these data are frequently used to identify sources of PM2s
pollution. Analysts should use caution in using trace element data especially datathat is near or
below the MDL.
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Table 3-6 Percentage of M easur ements Made Beneath the MDL at Wilmington, DE, Five Major Species

Elemental Organic

Analyte Ammonium Carbon Carbon Nitrate Sulfate
Analyte Number 88301 88307 88305 88306 88403
High MDL (pg/filter) 0.16 2.352 2.352 0.084 0.12
Low MDL (pg/filter) 0.16 2.352 2.352 0.084 0.12
High MDL (pg/m°) 0.0166 0.2438 0.2438 0.0087 0.0124
Low MDL (pg/m’) 0.0166 0.2438 0.2438 0.0087 0.0124
Number of
M easurements 136 138 138 136 136
Percent of Measurements
Equal to Zero 0.0% 0.0% 0.0% 0.0% 0.0%
Percent of Measurements
<=HMDL but not Zero [0.0% 0.7% 0.0% 0.0% 0.0%
Percent of Measurements
<=HMDL or Zero 0.0% 0.7% 0.0% 0.0% 0.0%

Table 3-7 Percentage of M easur ements Made Beneath the MDL at Wilmington, DE, Selected Analytes

Analyte Arsenic Aluminum L ead Manganese | Selenium
Analyte Number 88103 88104 88128 88132 88154
High MDL (ug/filter) 0.037 0.219 0.085 0.033 0.033
Low MDL (ug/filter) 0.014 0.157 0.027 0.015 0.025
High MDL (ug/m3) 0.0038 0.0227 0.0088 0.0034 0.0034
Low MDL (ug/m3) 0.0015 0.0163 0.0028 0.0016 0.0026
Number of Measurements 138 138 138 138 138
Percent of Measurements
Equal to Zero 31.2% 44.9% 18.8% 18.1% 13.8%
Percent of Measurements
<=HMDL but not Zero 62.3% 37.7% 71.0% 49.3% 71.7%
Percent of Measurements
<=HMDL or Zero 93.5% 82.6% 89.9% 67.4% 85.5%

B
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4 Regional Comparisons of PM ;5 Species

4.1 The Data Used to M ake Regional Comparisons

This report compares speciation data from eleven sitesin the MARAMA Region. The eleven
sites represent a quarter of the speciation monitors in the Region. The data used to make

regional comparisons were obtained from EPA’s TTN web site. When the data was downloaded
and quality-assured, only 2001-2003 data were available. Since that time, 2004 and partial 2005
data have become available. While complete 2001-2003 data were downloaded for analysis, in
many cases only partial data were available for 2001 since many monitors began operation is the
summer of that year. Asdescribed in the previous section of this report, MARAMA performed a
number of steps to process the speciation data.

MARAMA initially explored making regional comparisons using a subset of all possible
measurements, measurements that had been collected on the same days. Ensuring all samples
being compared were taken on the same days seemed to be a good way to avoid the problem of
two monitors not agreeing simply because they sampled on different days. This “matching the
sample day” approach was not viable however, because it severely reduced the size of the
dataset. Seven of the monitoring sites evaluated sampled every third day (1-in-3 day monitors).
The remaining four monitoring sites sampled only every sixth day (1-in-6 day monitors).
Imposing “same sample day criteria” on the entire dataset removed one half of the data from the
1-in-3 day monitors, those days when 1-in-6 day monitors did not sample. Even more data were
removed from consideration when days were removed because one of the eleven monitors did
not sample for operational reasons. The resultant dataset was so small that regional comparisons
could not be made with confidence, especially on a seasonal basis.

Since matching measurements by sample day was not a viable approach, MARAMA reports
regional comparisons between monitors using all available data for the 2001-2003 but with null
and flagged dataremoved. Fortunately, all the monitors on a 1-in-3 day schedule sample on the
same day so direct comparisons between these monitors can be made. Similarly, al 1-in-6 day
monitors sample on the same day so comparisons between these monitors are also quite robust.
Comparison between 1-in-3 and 1-in-6 day monitors should be made with caution however,
because of the possible bias introduced by different sampling days. In areport titled, “2002: A
Year in Review,” NESCAUM explored some of the issues associated with analyzing data
collected from monitors that operate on different sampling schedules (NESCAUM, 2004). For
anaysts interested in this issue, the NESCAUM report provides interesting insights.

Since most of the PM, s mass measured at a site can be attributed to five species — ammonium,
elemental carbon, nitrate, organic carbon, and sulfate — these species were used in regiona
comparisons. Regional comparisons of the other analytes measured in the speciation program
were not made. The data used to make regional comparisons included data from September 10,
2001 through October 12, 2003 (25 months). If a monitoring agency ran “intensives’ and
collected samples every day instead of every third or sixth day, the additional measurements
were removed from consideration in regional comparisons. This avoided biases that could be
introduced because an agency collected large amounts of data during a particular period when
concentrations were unusually high or low, for example during a summer sulfate event. Datafor
July 7, 2002 was excluded from consideration in regional comparisons since many sites recorded
extraordinary organic carbon measurements on this day when Canadian forest fire smoke moved

Page 33



4 Regional Comparisons of PM, s Species
EEE——

into the region. Some monitors recorded very high values due to the smoke while others did not.
Some agencies flagged data for this day as an exceptiona event while others did not. To ensure
fair and consistent regional comparisons, data for July 7, 2002 was removed from consideration.
By July 10, 2002, the next sample day in the 1-in-3 day sampling schedule, the Canadian forest
fire smoke had moved out of the Mid-Atlantic Region.

Severa sites analyzed did not operate continuously over the study period from September 10,
2001 through October 12, 2003 making these sites less comparable with others in the region.
The rura sampler at Arendtsville, PA that operated on a 1-in-6 sampling schedule was not in
operation from September 10, 2001 to April 2, 2002. Similarly, the rural sampler at Kinston, NC
was not in operation from September 10, 2001 to January 14, 2002. Asaresult of these data
gaps, the 2001-2003 averages and the seasonal averages for these monitors should be compared
to other monitors in the region with caution. Fortunately, since the two monitors had gapsin
their data records over much the same period, they compare quite well between themselves.

Severa gaps in the data records of urban 1-in-3 day monitors were also observed. The Baltimore
monitor did not operate from January 31, 2002 to March 14, 2002. The missing six weeks of
winter data represents fourteen measurements or seven percent of the total data for the study
period. The affect the missing data has on 2001-2003 averages and winter averages for
Baltimore may be dlight but it should be borne in mind when making inter-site comparisons.
The Pittsburgh site also had a gap in its data record from November 22, 2001 to February 27,
2002. These missing datain fall and winter represented thirty records or about nineteen percent
of the total datafor the study period. Aswith Baltimore, the missing data for Pittsburgh has an
affect on the calculation of 2001-2003 averages and winter averages. The affect may not be
large, but it should be borne in mind when making inter-site comparisons. Finally, a substantial
gap was found in the sulfate data record in Richmond, VA. Only two sulfate records were found
in the Richmond data set from May 16, 2003 through October 2, 2003. The missing data
represent twenty percent of the sulfate records at this site. The missing sulfate data during the
prime sulfate season (late spring, summer, and early fall) mean Richmond’ s 2001-2003 averages
and the seasonal sulfate averages (especialy the summer average) are likely lower than they
should be. This should be considered when comparing Richmond’ s average sulfate
concentrations with other sites.

4.2 Regional Comparisons, 2001 to 2003

As one would expect, PM, 5 mass constituents vary in concentration from place to place and
season-to-season. Table 4.1 summarizes how average concentrations vary from site-to-site for
the five mgjor contributors to PM,s mass. Inthe following paragraphs, we briefly describe how
average concentrations for the five major species varied across the Region using data from
September 10, 2001 through October 12, 2003. With the exception of the chart for organic
carbon mass, the error bars shown in the bar charts are the average uncertainties associated with
measuring ammonium, elemental carbon, nitrate and sulfate. The error bars for organic carbon
mass include the uncertainty associated with applying an OM/OC ratio between 1.4 and 2.2.
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Table 4-1 Regional Comparison of Major PM ;5 Species, 2001 to 2003

Organic Carbon Elemental
Mass (ug/m°)* Sulfate | Ammonium Nitrate Carbon
Siteand State (OM/OC =1.6) (ug/m?) (ng/md) (ng/md) (ng/md)
Arendtsville, PA 3.90 6.12 2.36 1.95 0.39
Baltimore, MD 5.82 5.13 1.94 1.84 0.77
Charlotte, NC 5.86 4.96 1.60 0.94 0.62
Dover, DE 3.62 4.65 1.89 1.87 0.47
Elizabeth, NJ 6.93 4.81 2.19 2.27 1.82
Kinston, NC 4.47 411 151 1.10 0.36
Philadelphia, PA 5.96 4.74 2.08 2.25 0.85
Pittsburgh, PA 5.47 6.00 2.28 177 0.85
Richmond, VA 6.81 497 1.89 1.20 0.56
Washington DC 5.70 5.44 2.02 1.68 0.73
Wilmington, DE 5.02 5.24 2.33 2.48 0.78
Average 541 511 2.01 1.76 0.75
Maximum 6.93 6.12 2.36 248 1.82
Minimum 3.62 411 1.51 0.94 0.36
Uncertainty Reported
in AQS? 13% 9% 7% 12% 51%

! Organic carbon mass concentrations were calculated from blank-corrected organic carbon data. Organic carbon
mass estimates are based on an OM/OC ratio of 1.6.

2 Uncertainty is the average 1sigmaerror currently being reported in the EPA AQS database for that specie. The
13% 1sigma uncertainty reported for organic carbon mass does not include the error associated with application of
an OM/OC ratio. The OM/OC ratio for the sites studied is expected to range between about 1.4 and 2.2.

EPA’ s contractor for the speciation program, Research Triangle Institute International, Inc.
(RTI), did not post uncertainty data in the AIRS database during 2001-2003 so uncertainty
information for the data used in this report was not available in AQS or in EPA web site data
files. Since operating procedures and analytical equipment have not changed appreciably since
the 2001-2003 data were collected, RTI believes current estimates of measurement error are
good estimates of 2001-2003 measurement error. RTI is currently “backfilling” uncertainty data
in AQS for previously collected speciation data including the 2001-2003 data used in this report.

4.2.1 Organic Carbon Mass

As explained in the Methodology and Data Handling Techniques section of this report,
estimating the organic carbon mass concentration at a site is a complex process that requires the
guality assurance of the organic carbon data, an examination of the organic carbon artifact, and
the application of an OM/OC ratio to the measurement data. As noted previousy, MARAMA
applied an OM/OC ratio of 1.6 to the organic carbon data used in regional comparisons. This
was done because experimentally derived OM/OC ratios had not been determined for monitoring
stesin the MARAMA Region, yet some ratio had to be applied to estimate organic carbon mass.
An OM/OC ratio of 1.6 was viewed as a good estimate of the OM/OC ratio at urban sites
(Turpin, 2001) and most sites analyzed in this report are urban sites. It is clear from researcher
work that OM/OC ratios vary from site-to-site, season-to-season, even measurement-to-
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measurement. Given this variability, organic carbon mass estimates presented in this report
should be viewed as estimates of actual values. AsMARAMA'’s sengitivity analysis shows, an
OM/OC ratio of 1.6 may overestimate organic carbon mass at some highly urban monitors, like
the monitor located in Elizabeth, NJ and it likely underestimates the organic carbon mass
concentration at rural sites such as Arendtsville, PA, Dover, DE, and Kinston, NC.

Given the application of an OM/OC ratio of 1.6, over 2001-2003, organic carbon mass was often
the largest contributor to PM, 5 mass. Organic carbon mass concentrations averaged 5.4
micrograms per cubic meter (ug/m°) over the eleven sites studied. The highest average
concentration, 6.9 pg/m®, occurred at the Elizabeth, NJ monitoring site. The Elizabeth speciation
monitor islocated in an industrial areavery close to toll booths on the New Jersey Turnpike.

The site islikely dominated by mobile source emissions from both the New Jersey Turnpike and
the Staten Island Expressway and nearby industrial emissions. While the Elizabeth site produced
the highest average organic carbon mass concentration over the 2001-2003 period, Richmond
was not far behind at 6.8 ug/m®. Virginia monitoring personnel believe the Richmond site, like
the Elizabeth, NJ site, is strongly influenced by mobile source emissions. Many large urban
areas, namely Baltimore, Charlotte, Philadelphia, and Washington, had organic carbon mass
concentrations between 5.7 and 5.9 pg/m®.

The lowest organic carbon mass concentrations for 2001-2003 were observed at the rural
monitoring sites at Arendtsville, PA, Dover, DE, and Kinston, NC. Average concentrations over
the period were 3.9, 3.6, and 4.5, respectively. These low values probably result from applying
too low an OM/OC ratio. Applying ahigher OM/OC ratio, that represents more “aged” (higher
molecular weight) organic carbon species, would increase organic carbon mass at these sites (El-
Zanan et a., 2005; Polidori, 2005; Zhang, 2005). If the convention holds true that rural sites
exhibit higher OM/OC ratios than urban sites, applying site-specific OM/OC ratios would likely
have the effect of increasing estimated rural concentrations and reducing estimated urban
concentrations of organic carbon mass. Thiswould decrease the disparity between urban and
rural concentrations of organic carbon mass.

Figure 4-1 depicts average organic carbon mass concentrations in the Region assuming an
OM/OC ratio of 1.6 at all sites. Figure 4-2 maps these values. All regional comparisons of
organic carbon mass concentration were made after removing data for the exceptional event that
occurred on July 7, 2002 when Canadian forest fire smoke was present in the Mid-Atlantic
Region.
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Figure 4-1 Average Organic Carbon Mass Concentrationsin the MARAMA Region
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Figure 4-2 Average Organic Carbon Mass Concentration Map
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4.2.2 Sulfate

Over the period, sulfate was aso alarge contributor to PM, s mass. Sulfate concentrations
averaged 5.1 ug/m® over the eleven sites studied. The highest average concentrations, 6.1 and
6.0 ug/m® occurred at Arendtsville and Pittsburgh, PA. Most sites had average concentrations
between 4.7 and 5.4 ug/m°®. The lowest concentration, 4.1 pg/m® was observed at the Kinston
monitoring site in rural southeastern North Carolina. Figure 4-3 depicts average sulfate
concentrations in the Region. Figure 4-4 maps these values.
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Figure 4-3 Aver age Sulfate Concentrationsin the MARAMA Region
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Figure 4-4 Aver age Sulfate Concentration Map

4.2.3 Ammonium

Over 2001-2003, ammonium concentration averaged 2.0 pg/m® across the Region. The highest
average concentration, 2.4 pg/m® occurred in Arendtsville, PA followed closely by Wilmington,
DE (2.3 pg/m®) and Pittsburgh, PA (2.3 ug/m®). The lowest concentration, 1.4 ug/m® was
observed at the Kinston monitoring site in rural southeastern North Carolina. The low average
concentration of ammonium at Kinston was surprising given that the monitor islocated in an
area of North Carolina known for Concentrated Animal Feeding Operations (CAFOs). In
general, ammonium concentrations were highest in locations with high sulfate and/or nitrate
concentrations. This may help explain the low average ammonium concentration in Kinston, NC
where both sulfate and nitrate concentrations were low compared to other sites. Figure 4-5
depicts average ammonium concentrations in the Region. Figure 4-6 maps these values.
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Figure 4-5 Average Ammonium Concentrationsin the MARAMA Region
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Figure 4-6 Average Ammonium Concentration Map

4.2.4 Nitrate

Nitrate concentrations averaged 1.8 ug/m® for the eleven monitors studied. The highest average
concentration, 2.5 pg/m®, occurred in Wilmington, DE. The lowest concentration, 0.9 pg/m®,
was observed in Charlotte, NC. Relatively low values were also measured in Kinston, NC (1.1
ng/m*) and Richmond, VA (1.2 pg/m®). Average nitrate concentrations appear correlated with
the wintertime conditions that favor the formation of solid phase nitrate species. Figure 4-7
depicts average nitrate concentrations in the Region and Figure 4-8 maps these values.
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4.25 Elemental Carbon

Elemental carbon concentrations averaged 0.75 pg/m® over the eleven monitors over the study
period. Average concentrations ranged from a high of 1.8 pg/m?® at the highly urban site in
Elizabeth, NJ to lows of 0.36 ug/m® in rural Kinston, NC and 0.39 ug/m® in rural Arendtsville,
PA. The Dover, DE monitor, another fairly rural site, also recorded arelatively low average
elemental carbon concentration of 0.47 pg/m® over the 2001-2003 period. The high elemental
carbon concentration at the Elizabeth, NJ monitoring site was likely due to the monitor’s
proximity to atoll plaza on the New Jersey Turnpike and a nearby industrial area. In the case of
elemental carbon concentrations, the Elizabeth site is about five times the average concentration
of arural site and more than twice the average concentration of other urban sites.

Large urban areas such as Baltimore, MD, Philadelphia, PA, Pittsburgh, PA, Washington, DC
and Wilmington, DE exhibited average concentrations between about 0.7 and 0.9 ug/m?, about
twice the concentration of rural sites. Elemental carbon appeared strongly correlated with
population. Population was defined as the population of the counties within 24.1 km (15 miles)
of the monitoring site. Figure 4-9 shows a correlation between average elemental carbon
concentration and population for the eleven monitoring sites studied. Figure 4-10 compares
average elemental carbon concentrations across the Region. Figure 4-11 plots average
elemental carbon concentrations on amap of urban areas.

EEE——
Page 44



Al
J

Elemental Carbon Concentration (ug/m3

Al
J

Average Elemental Carbon Concentration (ug/m3

4 Regional Comparisons of PM, s Species
I

»
o

w
a1
I

w
o
I

N
a1
I

N
o
I

=
a1
I

=
o

% ° y =0.1592x + 0.3632
R R* = 0.9044

©
a1
I

o
o

Population (Millions)

Figure 4-9 Correlation of Average Elemental Carbon Concentration and Population

14

12

10

Orhirﬁrhirhir}lﬁil{‘l

*

S ¢ ¢ & ¥ L

o ¢ <
X N < N N < > S
& ' @ & fé\ # é\\ \Q@’b" \)@(\ 60& . (§ '
Vé&& q)§p O‘éo & “i& > A&@Q §

4 <& . XN
Q"‘@ SR S
Figure 4-10 Average Elemental Carbon Concentrationsin the MARAMA Region

Page 45



4 Regional Comparisons of PM, s Species
B

EC (ug/m3)

2 =04

Q@ o04-08

: % 3 O =>u0s5-08

b Tt - e, SRR ) -0s.07
T e . g @ -o07-08
Hot v " @ o=

Figure 4-11 Map of Elemental Carbon Concentrations and Urban Areas

It isinteresting to note that all of the more rural sites show similar average concentrations for
elemental carbon even though they are located in different parts of the MARAMA Region.
Further analytical work may determine if the elemental carbon concentrations observed at these
rural sites represent “regional background concentrations’ of this important specie.

4.3 Seasonal Comparisons, 2001 to 2003

Since several of the major constituents of PM2 5 mass vary in concentration from season to
season, MARAMA analyzed speciation data over 2001-2003 from a seasona perspective. In
thisanaysis, MARAMA followed the convention of placing June, July and August in the
summer season. The other seasons and the months associated with them are listed in Table 4-2.

Table 4-2 Months Included in Each Season

Season Months Number of Days
Winter December, January, February 90/91
Spring March, April, May 92
Summer June, July, August 92
Fall September, October, November 91

At most of the eleven monitoring sites studied, the mass of the five largest contributors to PM2 5
mass was highest in summer and lowest in spring and fall. The largest contributorsto PM2s

B
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mass, in order of importance, were organic carbon, sulfate, ammonium, nitrate, and elemental
carbon. Averaged across the entire region, the average concentration of the five major
constituents of PMs mass was highest in the summer at about 18.5 pg/m®. A secondary peak in
average concentration occurred in winter at about 15.4 ug/m®. Spring and fall were characterized
by lower concentrations. Averaged across the region, the average concentration of the five major
constituents of PMs mass were 12.9 ug/m® in spring and 13.2 pg/m°® in fall. Figure 4-12 shows
how the mass of the five major constituents to PM,s mass varied season to season when
averaged over 2001-2003 and across all eleven monitors studied.
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Figure 4-12 Seasonal Variation of the Five Major Contributorsto PM,s Mass

At an OM/OC ratio of 1.6, organic carbon mass and sulfate were the two largest contributors to
PM25 mass in the MARAMA Region. In winter, organic carbon mass was the dominate specie
at al sites except Arendtsville, PA where sulfate contributed the most to PM2s mass. In the fall,
organic carbon mass was the largest contributor to PM»s mass at six sites and sulfate was the
largest contributor at the other five. In spring and summer, sulfate was the dominate specie at
most sites. Even in the summer, however, organic carbon mass was the largest contributor to
PM; 5 mass at Elizabeth, NJ and Richmond, VA (although the OM/OC ratio of 1.6 may be too
high for these sites). Organic carbon mass was aso the largest contributor to PM,s massin the
summer at rural Kinston, NC where sulfate concentrations are low.

Aswill be discussed in the site-specific analyses that follow in section 5 below, organic carbon
mass concentrations were variable throughout the study period. On average however, regionally
averaged organic carbon mass concentration peaked during the summer at 6.7 pg/m°. Average
organic carbon mass concentration declined in the fall to 5.2 ug/m® then increased somewhat in
winter to 5.9 ug/m®. Average organic carbon mass concentration was at its lowest level in the

I
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spring at 4.0 pg/m®. Figures 4-13 through 4-16 plot the behavior of organic carbon mass and the
other major species through the seasons. The plots utilize data from September 10, 2001 through
October 12, 2003. Data for the Canadian forest fire event that occurred July 7, 2002 was
removed from the data used to develop these seasonal bar charts.

The development of seasonal, site-specific OM/OC ratios would very likely modify the seasonal
behavior of organic carbon mass concentrations. Since researchers (Polidori, 2005) have shown
at one site in the MARAMA Region that OM/OC ratios are slightly higher in the summer and
winter than in the spring and fall, swings in organic carbon mass concentration are likely to be

even greater if seasonal, site-specific OM/OC ratios are developed for speciation monitorsin the
Mid-Atlantic Region.
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Figure 4-13 Seasonal Comparison of the Five Major PM ,5 Species, Winter
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Figure 4-16 Seasonal Comparison of the Five Major PM ,5 Species, Fall

Sulfate was an extremely important contributor to PM,s mass at al sitesin the Region,
particularly in spring and summer when it was the largest contributor to total PM, 5 mass at most
sites studied. Sulfate concentrations peaked in summer. The regionally averaged sulfate
concentration in summer was 7.7 pg/m°. The regionally averaged concentration fell to 4.3 pg/m®
in the fall and reached its lowest level in the winter at 3.3 ug/m®. Spring levels, averaged across
the region, were about 4.5 pg/m®.

Unlike organic carbon mass and sulfate species, nitrate species peaked in winter, not summer.
While an important contributor to winter PM, s concentrations, nitrate concentrations were
relatively modest when compared to the summertime contributions made by organic carbon and
sulfate species. Regionally averaged nitrate concentration peaked in winter at 3.4 pg/m°.
Regionally averaged nitrate concentration was at its lowest level in the summer at 0.9 pg/n’.
Spring and fall concentrations were 1.9 pg/m® and 1.4 pg/m® respectively.

Ammonium ion is amodest but important contributor to PM,5s massin all seasons. Across the
seasons, the regional ammonium load was about 2 pg/m®. Over the 2001-2003 period, the
regionally averaged ammonium concentration was 2.6 pg/m® in the summer, 1.6 ug/m? in the
fall, 2.0 pg/m® in the winter, and 1.9 pg/m?® in the spring.

Elemental carbon did not exhibit the seasonal variability seen in organic carbon, sulfate, and
nitrate concentrations. In general, this contributor to PM, s mass appeared to consistently present
in relatively low concentration season-to-season.

Tables 4-3 through 4-6 provide seasonal averages by site and specie for the eleven monitors
studied. For more information about specific sites and the data from those sites, see Section 5.

B
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Table 4-3 Winter Averages by Site and Specie

Organic Carbon Elemental

Mass (ug/m®) | Sulfate | Ammonium | Nitrate| Carbon | Total (ug/m’)

Site (OM/OC=16) |(ug/m’)| (ug/m®) |(ug/m®| (ug/m®) | (OM/OC=1.6)
Arendtsville, PA! 4.02 414 2.52 4.55 0.47 15.70
Baltimore, MD 7.62 3.38 1.97 3.52 1.05 17.55
Charlotte, NC 6.15 2.85 1.33 1.73 0.80 12.86
Dover, DE! 427 2.96 1.92 3.80 0.59 13.53
Elizabeth, NJ 7.60 3.42 2.23 3.66 1.64 18.54
Kinston, NC* 4.67 3.01 1.38 2.03 0.46 11.56
Philadel phia, PA 6.22 3.29 2.31 419 0.99 17.00
Pittsburgh, PA 5.43 3.78 2.24 3.65 0.79 15.89
Richmond, VA 7.21 3.50 1.73 243 0.75 15.61
Washington, DC 5.45 3.14 1.82 2.99 0.84 14.24
Wilmington, DE* 5.65 3.30 2.36 4.50 0.89 16.71
Average 5.85 3.34 1.98 3.37 0.84 15.38
Maximum Value 7.62 414 2.52 4.55 1.64 18.54
Minimum Value 4.02 2.85 1.33 1.73 0.46 11.56

! Samplers at these sites sampled every sixth day.

Table 4-4 Spring Averages by Site and Specie

Organic Carbon Elemental
Mass (ug/m®) | Sulfate | Ammonium | Nitrate| Carbon | Total (ug/m°)
Site (OM/OC=16) |(ug/m’)| (ug/m®) |(ug/m)| (ug/m®) | (OM/OC=1.6)
Arendtsville, PA! 3.08 4.43 2.19 2.76 0.45 12.92
Baltimore, MD 3.82 4.60 1.97 2.05 0.68 13.11
Charlotte, NC 5.20 4.94 1.65 1.05 0.59 13.43
Dover, DE* 1.91 3.82 1.67 1.91 0.49 9.81
Elizabeth, NJ 534 4.20 2.05 251 1.63 15.73
Kinston, NC* 3.27 4.15 143 0.87 0.39 10.11
Philadel phia, PA 4.46 3.83 1.72 2.08 0.78 12.87
Pittsburgh, PA 3.79 4.73 1.95 1.64 0.79 12.89
Richmond, VA 5.19 5.30 1.78 1.10 0.54 13.91
Washington, DC 4.17 474 1.99 2.01 0.69 13.59
Wilmington, DE* 3.53 4.55 2.19 2.71 0.68 13.66
Average 3.98 4.48 1.87 1.88 0.70 12.91
Maximum Value 5.34 5.30 2.19 2.76 1.63 15.73
Minimum Value 1.91 3.82 1.43 0.87 0.39 9.81
! Samplers at these sites sampled every sixth day.
- TT——
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Table 4-5 Summer Averages by Site and Specie

Organic Carbon Elemental
Mass (ug/m®) | Sulfate | Ammonium | Nitrate| Carbon | Total (ug/m°)

Site (OM/OC=16) |(ug/m®)| (ug/m’) |(ug/m’)| (ug/m®) | (OM/OC=1.6)
Arendtsville, PA" 5.51 9.51 2.94 0.79 0.35 19.10
Baltimore, MD 6.64 8.21 2.48 0.89 0.64 18.87
Charlotte, NC 6.49 6.55 1.84 0.55 0.45 15.88
Dover, DE* 4.40 7.59 2.61 0.89 0.34 15.82
Elizabeth, NJ 8.34 6.98 2.75 1.42 1.99 21.47
Kinston, NC' 5.38 4.48 1.52 0.75 0.22 12.35
Philadel phia, PA 7.36 7.65 2.85 1.29 0.76 19.92
Pittsburgh, PA 7.50 9.60 3.05 0.98 0.89 22.02
Richmond, VA 8.40 7.13 2.68 0.62 0.41 19.23
Washington, DC 7.56 8.79 2.66 0.75 0.66 20.42
Wilmington, DE" 5.59 8.28 2.98 1.22 0.68 18.75
Average 6.65 7.71 2.58 0.92 0.67 18.53
Maximum Value 8.40 9.60 3.05 1.42 1.99 22.02
Minimum Value 4.40 4.48 1.52 0.55 0.22 12.35
! Samplers at these sites sampled every sixth day.

Table 4-6 Fall Averages by Site and Specie
Organic Carbon Elemental
Mass (ug/m®) | Sulfate | Ammonium | Nitrate| Carbon | Total (ug/m°)

Site (OM/OC=16) |(ug/m®)| (ug/m®) |(ug/m’)| (ug/m®) | (OM/OC=1.6)
Arendtsville, PA" 2.55 4.31 1.65 1.23 0.33 9.98
Baltimore, MD 5.31 4.12 1.43 1.31 0.75 14.11
Charlotte, NC 5.64 4.78 1.50 0.75 0.68 14.42
Dover, DE* 3.73 3.77 1.36 1.41 0.47 12.10
Elizabeth, NJ 6.34 3.77 1.58 1.90 2.01 16.58
Kinston, NC' 4.59 4.72 1.75 0.98 0.47 12.49
Philadel phia, PA 5.80 3.74 1.51 1.79 0.88 15.19
Pittsburgh, PA 5.22 5.07 1.89 1.59 0.90 15.29
Richmond, VA 6.68 4.44 1.37 0.98 0.59 15.96
Washington, DC 5.49 451 1.60 1.39 0.76 14.77
Wilmington, DE" 5.30 4.34 1.77 1.96 0.89 15.24
Average 5.15 4.32 1.58 1.39 0.79 14.19
Maximum Value 6.68 5.07 1.89 1.96 2.01 16.58
Minimum Value 2.55 3.74 1.36 0.75 0.33 9.98

! Samplers at these sites sampled every sixth day.
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5 Sitelnformation and Analyses

The following sections provide detailed information about each monitoring site included in this
study and a brief analysis of the speciation data collected at that site. Each site analysisincludes:

asite description,

maps locating the site,

abrief summary of the mgjor constituents of PM,s mass,

a comparison of reconstructed mass and gravimetric mass,

atime series showing how the five major constituents of PM,s mass vary over time, and
trajectory plots for some of the “cleanest” and “dirtiest” days during the 2001-2003
period.

The Combined Aerosol Tragectory Tool (CATT) was used to plot back trgectories for each site.
CATT isan ontline, browser-based analytical tool that links air quality monitoring and other data
with back trgjectory information. Using CATT, one can select a pollutant of interest, a period of
interest, asingle site or multiple sites and then plot back trajectories for the site or sites selected.
The trgjectory features of CATT are useful in exploring and describing the air movements
associated with observed air pollution phenomena.

The back trgjectoriesin CATT are calculated by the Atmospheric Transport and Dispersion
(ATAD) model. Theversion of ATAD used in CATT was developed in 1980 by the Air
Resources Laboratory (ARL) of the National Oceanic and Atmospheric Administration (NOAA).
ATAD isalagrangian model that calculates five-day trgectories over North Americausing
rawinsonde data. The rawinsonde data includes data from balloon launches at 00Z, 06Z, 127,
and 18Z each day. The model calculates four back trajectories per day using one vertical layer.
In most cases, the vertical layer starts at 300 meters above ground level. The model calculates
the transport layer depth and upper bound for the vertical layer. When no “critical inversion
layer” exists, the top of the transport layer is assumed to be 3,000 meters above ground level.

CATT was developed by the Center for Air Pollution Impact and Trend Analysis (CAPITA) at
Washington University in St. Louis, Missouri. CAPITA worked closely with the Cooperative
Institute for Research in the Atmosphere (CIRA) to create CATT. For more information on
CATT contact, Rudi Husar at Washington University in St. Louis at rhusar@me.wustl.edu or
visit the CATT web site at: http://datafed.net/projects/catt/ CATT_Links.htm. For more
information on ATAD contact, Kristi Gephart at CIRA at gebhart@cira.colostate.edu. ATAD is
no longer supported by ARL.
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5.1 Arendtsville, PA

Site Name: Arendtsville

AIRS Number: 42-001-0001

Latitude: 39.9233 North

Longitude: -77.3081 West

Elevation: 240 meters (787 feet)

Agency Operating the Monitor: Pennsylvania Department of Environmental Protection
Speciation Sampling Frequency: 1-in-6 days

5.1.1 Site Description

The Arendtsville monitoring site is located in south central Pennsylvania. It is approximately 16
kilometers (10 miles) northwest of Gettysburg, PA and about 59 km (37 miles) southwest from
Harrisburg, PA. Figure 5-1 shows the monitoring site's location relative to the interstate
highway system and large eastern population centers.

Arendtsvilleisarural monitoring site. The population of the borough of Arendtsvilleis only
848. Harrisburg, PA isthe closest moderately sized city. Baltimore, MD is the closest
metropolitan area about 113 km (70 miles) to the southeast. Figure 5-2 is a detailed map
showing the topographic features around the monitoring site and the small town of Arendtsville,
PA. Figure 5-3 is aphotograph of the site looking east.
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Figure 5-1 L ocation of the Arendtsville, PA Monitoring Site
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Figure 5-2 Topographic Map of the Arendtsville, PA Monitoring Site

Figure 5-3 Photograph of the Arendtsville, PA Monitoring Site
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The monitoring site occupies a 50 by 50 meter clearing on a knoll west of the town of
Arendtsville. The area around the monitoring siteis agricultural characterized by rolling hills of
pastureland and forested areas. Cows are raised on nearby farms. The siteisimmediately
adjacent to an experimental peach farm. Peach orchard operations including oil spraying and
smudge pot burning could have some impact on monitored values at the site.

The Pennsylvania Department of Environmental Protection has no record of any major SO, or
NOy sources within 25 miles of the monitoring site. The site is 200 meters from the nearest
secondary road.

5.1.2 Magjor Constituents of PM ;5 Mass

The major constituents of PM, s mass at Arendtsville were sulfate and organic carbon species
followed by ammonium and nitrate species. Over 2001-2003, average sulfate concentration was
about 6.1 pg/m®. Using an OM/OC ratio of 1.6, the average organic carbon mass concentration
over the three-year period was about 3.9 pg/m®. At an OM/OC ratio of 1.9, the average organic
carbon mass concentration over the period would have been 4.6 pg/m®. Figure 5-4 shows the
relative contribution each major species makes to the total mass measured at the site.
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Figure 5-4 Major Constituents of PM ;5 Mass, Arendtsville, PA
The average reconstructed mass calculated for this site was about 8 percent lower than the
average gravimetric mass measured by the speciation sampler. Average reconstructed mass was

15.2 pg/m® whereas the average gravimetric mass was 16.5 pg/n°. Figure 5-5 visually compares
the average reconstructed mass with the average gravimetric mass.
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Figure 5-5 Comparison of Average Reconstructed Mass and Average Gravimetric Mass, Arendtsville, PA

5.1.3 Time Series Analysis of PM .5 Species

A speciation sampler was installed at the Arendtsville monitoring site in June 2001. The monitor
ran on a 1-in-3 sampling schedule from June 30, 2001 to August 3, 2001. When the monitor
returned to service on April 2, 2002, it began sampling on a 1-in-6 day schedule. Figure 5-6
shows atime series for the five major species measured at Arendtsville. Figures 5-7 through 5-
11 show how each of the five magjor constituents of PM, s mass varied over time. The black line
in Figures 5-7 through 5-11 is the 30-day rolling average concentration for the specie. The early
1-in-3 measurement period includes 27 measurements. The later period, April 2, 2003 to
December 31, 2003, includes 97 measurements. As noted previoudly, organic carbon mass
concentrations were estimated using an OM/OC ratio of 1.6.
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Figure 5-7 Sulfate Time Seriesfor the Arendtsville, PA Speciation Monitor
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Figure 5-8 Organic Carbon Mass Time Seriesfor the Arendtsville, PA Speciation Monitor
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Figure 5-9 Ammonium Time Seriesfor the Arendtsville, PA Speciation Monitor
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As Figure 5-7 shows, sulfate peaked during the summer but was an important contributor to

PM, 5 mass in other seasons aswell. Average sulfate concentrations, averaged over all seasons
over the 2001-2003 period, was 6.12 pg/m®. This was the highest average concentration of any
of the eleven monitors studied. The average summer sulfate concentration over the study period
was 9.51 ug/m®. Asthe time series shows, sulfate levels declined in the fall and rose again in
late spring. Average fall, winter, and spring concentrations were similar at 4.31 ug/m®, 4.14
pg/m?, and 4.43 pug/m®, respectively. The summer season was noteworthy for the very high
concentrations that were occasionally measured. During this study, peak values of 20 to 30
pg/m® were recorded.

Over 2001-2003, the average concentration for organic carbon mass was 3.90 pg/m®. Summer
produced the highest seasonal average of 5.51 pg/m°. Average spring and fall concentrations
were lower at 3.08 and 2.55 pg/m® respectively. The average winter concentration of 4.02 pg/m®
fell between summer and spring/fall levels. Organic carbon concentration appears to vary season
to season as seen at other sites with summer peaks and weaker winter peaks. This pattern was
not as clearly evident at Arendtsville as at other sites. Additional data will likely help resolve
how organic carbon concentrations rise and fall seasonally at this site.

Over 2001-2003, the average ammonium concentration at Arendtsville, was 2.36 pg/m®, the
highest average of the eleven monitors studied. During the summer, the average ammonium
concentration was 2.94 ug/m>. On particular days, 24-hour concentrations were as high as 7
pg/m°>. Average ammonium concentration was lowest in the fall. Over 2001-2003, which
included only two fall seasons, average ammonium concentration was 1.65 ug/m®. While
ammonium concentration rose in the summer and declined in the fall, what is most obvious from
the time seriesis the relatively constant presence of ammonium species, season-to-season.

Ammonium and sulfate concentrations were well correlated (R* = 0.78). In the summer, when
sulfate concentrations were high, ammonium levels were also high. Table 5-1 lists ammonium
and sulfate concentrations on days when sulfate concentration exceeded 15 ug/m”.

Table 5-1 High Ammonium and Sulfate Days for the Arendtsville, PA Monitor

Date Ammonium Concentration (ug/nr) Sulfate Concentration (ug/m°)
7/18/01 7.6 17.6
6/25/02 7.5 25.3
7/19/02 7.5 24.8
8/12/02 5.5 22.8
6/26/03 7.6 29.9
8/7/03 7.2 22.3

Nitrate concentration, shown in Figure 5-10, showed strong seasonal behavior. Nitrate
concentration was lowest in the late summer/early fall when 24-hour concentrations were
sometimes less than 0.5 pg/m®. Average summer concentration was 0.79 pg/m°. In the late fall,
nitrate concentrations climbed and showed more day-to-day variability. Peak winter
concentrations were as high as 8 to 11 pg/m°®. Average winter concentration was 4.55 pg/m®.
Spring was characterized by declining nitrate concentrations.

The average elemental carbon concentration over 2001-2003, was 0.39 pg/m®, areatively low
concentration compared to other major constituents. Nonetheless, elemental carbon was almost
always present in low concentration. Average elemental carbon concentration at Arendtsville
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was very similar to the average elemental carbon concentration observed at Kinston, NC another
rural sitein theregion. While additional rural sitesin the region should be analyzed, 0.36 to 0.39
Hg/m® may approximate average rural elemental carbon concentration in the region. This value
is about half the average concentration observed at many urban sites.

Asthe time seriesin Figure 5-11 shows, elemental carbon exhibits little seasonal variation
although concentrations are slightly higher in winter and spring. Asthe data record is extended,
a seasonal pattern may become more evident. On several days over the 2001-2003 period,
elemental carbon concentrations reached 0.7 to 0.9 pg/m°. Since these values represent a
doubling of the average concentration, it would be interesting to see if some cause can be found
to explain these relatively large increases in concentration.

Seasonal averages for the major constituents of PM, s mass are summarized in Table 5-2.

Table 5-2 Seasonal Averagesfor the Major Constituents of PM s Mass (ug/m®) for Arendtsville, PA

Organic Carbon | Sulfate | Ammonium | Nitrate | Elemental Carbon
Winter 4.02 4.14 2.52 4.55 0.47
Spring 3.08 443 2.19 2.76 0.45
Summer 5.51 9.51 2.94 0.79 0.35
Fall 2.55 4.31 1.65 1.23 0.33
5.1.4 Trajectory Analysis

Figure 5-12 shows CATT back trajectories for the cleanest days in the speciation record over the
period studied from June 2001 through December 2003. While even lower concentration days
can be found in the data record for Federal Reference Method monitors at the site, the
trajectories plotted in Figure 5-12 are the lowest concentration days in the speciation record over
the period studied. These “clean” days represent the five percent days with the lowest total

PM5 s mass.
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Figure 5-12 Back Trajectoriesfor the Five Percent Cleanest Days, Arendtsville, PA
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Clean day trgjectories often originated in the Hudson Bay area of Canada and stream in from the
northwest. These trgjectories do not originate from or move through areas where air pollution
emissions are high. Other clean day trajectories come from distant points in Canada or western
states or track over the Atlantic Ocean. Generally, “cleaner” trajectories are those that: do not
originate from high source regions, do not pass through source regions, or pass quickly through
high source regions. Most of the tragjectories plotted in Figure 5-12 exhibited these features.
Table 5-3 lists the five percent cleanest days and the total mass concentration measured by the
Speciation monitor on that day.

Table 5-3 Five Percent Lowest Days for Arendtsville, PA

Date PM s Mass (ug/m’)

11/29/2003 4.7
8/06/2002 52
12/11/2002 54
7/14/2001 6.4
9/05/2002 6.8
6/07/2002 6.9
12/16/2002 6.9

Average 6.0

Figure 5-13 shows back tragjectories for the dirtiest days, the five percent days with the highest
total PM25s mass. These trajectories show re-circulation over the Ohio River valley and other
source regions. The trgectory plot also shows westerly transport to the Arendtsville monitoring
site.
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Figure 5-13 Back Trajectoriesfor the Five Percent Dirtiest Days, Arendtsville, PA
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Table 5-4 lists the five percent dirtiest days and the total mass concentration measured by the
Speciation monitor on that day.

Table 5-4 Five Percent Highest Days for Arendtsville, PA

Date PM 5 Mass (ug/m’)
7/01/2002 38.0
8/07/2003 40.8
7/19/2002 42.0
8/12/2002 45.6
7/18/2001 46.4
6/25/2002 51.1
6/26/2003 61.7
Average 46.5
I
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5.2 Baltimore, MD

Site Name: Essex

AIRS Number: 24-005-3001

Latitude: 39.3108 North

Longitude: -76.4744 West

Elevation: 5.5 meters (18 feet)

Agency Operating the Monitor: Maryland Department of the Environment
Speciation Sampling Frequency: 1-in-3 days

5.2.1 Site Description

The Essex monitoring site is located in Essex, MD, a suburban community about 14.5 km (nine
miles) east of downtown Baltimore. Figure 5-14 shows the monitoring site's location relative to
the interstate highway system and large population centers. As the figure shows, the Essex siteis
located directly in the Interstate 95 corridor. Washington, DC is about 76 km (47 miles) to the
southwest and Philadelphia, PA is about 152 km (94 miles) to the northeast.

Figure 5-14 L ocation of the Essex, MD (Baltimore) Monitoring Site

The Essex monitor is a neighborhood scale monitor. The immediate area surrounding the siteis
residential in all directions. Several malls and shopping centers are within 4 km (2.5 miles) of
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the site and four large industrial parks are within 5.6 km (3.5 miles) of the site. A large sewage
treatment plant, the Back River Sewage Treatment plant, is about 2.4 km (1.5 miles) southwest
from the site. The Baltimore Beltway is about 2.4 km (1.5 miles) west of the site and Interstate
95, the major north/south Interstate highway on the east coast, is about 4.8 km (3 miles) west of
the monitor. The urban core of Baltimore to the west of the monitoring site has a popul ation of
636,251 (2000 U.S. Bureau of the Census data). The entire Baltimore area has a popul ation of
2,552,994 (2000 U.S. Bureau of the Census data). Essex lies at the beginning of the peninsula
formed by the Back River and Middle Rivers, two estuaries of the Chesapeake Bay. Figure 5-15
is a detailed map showing the topographic features around the monitoring site. Figure5-16isa
photograph of the site looking southwest.
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Figure 5-15 Topographic Map of the Baltimore, MD Monitoring Site
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Figure 5-16 Photograph of the Baltimore, MD Monitoring Site

The Maryland Department of the Environment reports there are a variety of air pollution sources
in the vicinity of the monitoring site. There are 12 facilities within a 14 km (nine miles) of the

Essex monitor. Many of the emission sources are south or southwest of the monitoring location.
The facilities listed in Table 5-5 are located within about 11 km (seven miles) of the site.

Table 5-5 Emission Sourceswithin 11 km of the Baltimore, MD Monitoring Site

Distance & Direction

from Monitoring Site Facility Type Emissions
2.4 km, north Fabricated Metal VOC
6.4 km, west southwest Brick & Stone Plant NOx
8.1 km, southwest Auto Assembly Plant NOy, VOC

8.9 km, east northeast Power Plant CO, NHs, NOy, PM35.19, SO, VOC
9.7 km, south Cement Plant PM 25, PM 1o

Steel Mill; Blast
9.7 km, south Furnaces CO, NHs, NOy, PM25.10, SO,, VOC
10.1 km, south southwest | Gypsum Plant NOx
10.9 km, south southwest | Chemical Plant CO, NOy, SO,, NH3
11.3 km miles, southwest | Petro Terminal VOC
11.3 km, southwest Power Plant CO, NOy, VOC, SO,, PM25.10, NH3
12.1 km, southwest Chemical Plant NOy, VOC, SO, NH3
13.7 km, southwest Chemical Plant NOy, VOC, PM25.10, NH3

Source: Maryland Department of the Environment
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5.2.2 Mgjor Constituents of PM ;5 Mass

The major constituents of PM, s mass at Baltimore were organic carbon and sulfate species
followed by ammonium and nitrate species. Using an OM/OC ratio of 1.6, average organic
carbon mass concentration over the study period was about 5.82 pg/m°. Average sulfate
concentrations were about 5.13 pg/m®. Ammonium added about 1.94 pg/m® and nitrate added
1.84 pug/m® to the average concentration observed. Elemental carbon, geological components,
and trace elements contributed about 1.7 pg/m® to the average mass measured. Figure 5-17
shows the contribution each species makes to the total mass measured at the site.
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Figure5-17 Major Constituents of PM 5 Mass, Baltimore, MD

The average reconstructed mass calculated for this site was 2.5 percent higher than the average
gravimetric mass measured by the speciation sampler. Average reconstructed mass was 16.3
Hg/m® whereas the average gravimetric mass was 15.9 pg/m®. Figure 5-18 visually compares the
average reconstructed mass with the average gravimetric mass.
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Figure 5-18 Comparison of Average Reconstructed Mass and Average Gravimetric Mass, Baltimore, MD

5.2.3 Time Series Analysis of PM,5 Species

An Anderson RAAS-401 speciation sampler was installed at the Baltimore monitoring site on
October 1, 2000. It has operated on a 1-in-3 sampling schedule from its installation to the
present time. Data was not collected from February through the March 2002 and from October
15 through December 31, 2003. From July 1-31, 2002, the Maryland Department of the
Environment conducted a summer intensive at the Essex monitoring site and collected daily
speciation samples. Figure 5-19 shows a composite time series for the five major species
measured at the Essex monitoring site. Figures 5-20 through 5-24 show time series for each of
the five magjor species. In the time series plots for the five major species, the black lineis the 30-
day rolling average concentration for the specie. The 30-day rolling average is not shown during
the 30-day intensive in July 2002 when daily samples were taken.
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Figure 5-22 Ammonium Time Seriesfor the Baltimore, MD Monitor
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The 30-day rolling average sulfate concentration in Figure 5-20 shows how sulfate varied
seasonally over the 2001-2003 period. Sulfate concentration was lowest in winter at an average
value of about 3.38 ug/m”>. In late January or February, sulfate concentration began to rise and
continued rising until peak values were reached in summer. Average summer sulfate
concentration was 8.21 pg/m®. Peak summer values were as high as 20-30 pg/m®. In late
August, sulfate concentrations began to decline and continued declining through the fall until
winter levels were reached. As the sulfate time series shows, sulfate concentrations were much
more variable in summer than in winter.

At an OM/OC ratio of 1.6, organic carbon was the largest contributor to PM,5 massin

Baltimore. While organic carbon did not exhibit the dramatic seasona behavior seen in the
sulfate time series, seasonal patterns can be discerned. In Figure 5-21, the 30-day rolling average
shows modest increases in organic carbon concentration during summer months and in late fall/
early winter. High organic carbon mass concentrations were recorded on July 7-9, 2002 when
smoke from Canadian forest fires moved into the Baltimore area. These high values, 65.0, 41.0,
and 19.7 pg/m® respectively, were considered exceptional events and were removed from the
dataset.

Over 2001-2003, using an OM/OC ratio of 1.6, organic carbon mass concentration averaged 5.82
pg/m?® and ranged from about 1.0 to 22.1 pg/m°. The average summer concentration was 6.64
ng/m® and the average winter concentration was 7.62 ug/m°. Baltimore had the highest winter
organic carbon mass concentration in the region. Baltimore's average winter organic carbon
concentration was greater than nearby Washington, DC (5.45 pg/m®) and Wilmington, DE (5.65
ng/m°). Average spring and fall concentrations were 3.82 pg/m® and 5.31 pg/n'.

Over 2001-2003, average ammonium concentration was 1.94 pg/m®. This average concentration
was similar to concentrations observed in other nearby urban areas. For example, the 2001-2003
average ammonium concentration was 2.02 pg/m® in Washington, DC and 2.08 pg/m?® in
Philadelphia, PA. Figure 5-22 shows how ammonium concentration rose and fell over the
period. Summer had the highest average concentration at 2.48 ug/m® followed by winter and
spring with an average concentration of about 1.97 pg/m®each. Average ammonium
concentration was lowest in the fall at about 1.43 pg/m®. Ammonium concentrations were more
variable in the summer than during other times of the year. Occasionally, summer
concentrations rose above 6 pg/m°.

Ammonium and sulfate concentrations were well correlated (R? = 0.84); when ammonium
concentrations were high, sulfate concentrations were usually high. Table 5-6 lists ammonium
and sulfate concentrations on days when sulfate concentration exceeded 15 pg/m.

The average nitrate concentration for Baltimore over the 2001-2003 period was 1.84 pg/m®. Out
of the eleven sites analyzed in the regional analysis, Baltimore fell somewhere in the middle
between the average high at Wilmington, DE (2.48 ug/m®) and the average low at Charlotte, NC
(0.94 pg/m?) and close to the regional average of 1.76 ug/m°. As Figure 5-23 shows, nitrate
measurements exhibited the seasonal variation seen at other sites. Nitrate concentrations were
lowest and least variable during the summer and noticeably higher and more variable in the
winter. Over 2001-2003, the average summer concentration was 0.89 pg/m® whereas the average
winter concentration was 3.52 pg/m®. In spring and fall, the average nitrate concentrations were
2.05 pg/m® and 1.31 ug/m® respectively.
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Table 5-6 High Ammonium and Sulfate Daysfor the Baltimore, MD Monitor

Date Ammonium Concentration (ug/nr) Sulfate Concentration (ug/m°)
6/12/01 6.0 18.2
8/4/01 4.0 15.7
8/8/01 7.3 24.0
7/2/02 6.7 23.5
7/3/02 5.8 19.1
7/18/02 1.7 22.7
7/19/02 7.1 26.1
6/26/03 9.2 30.2
7/5/03 5.0 19.7
8/22/03 5.3 17.9

Figure 5-24 displays the time series for elemental carbon. Average elemental carbon
concentration was lowest during the summer at about 0.64 pug/m® and highest during the winter at
about 1.05 pg/m>.  Average spring concentration was 0.68 pg/m® and average fall concentration
was 0.75 ug/m®. Peak levels were observed in the late fall and winter months. Many values
between 1.5 and 3.8 pg/m® were recorded.

Seasonal averages for the maor constituents of PM, 5 mass are summarized in Table 5-7.

Table 5-7 Seasonal Averagesfor the Major Constituents of PM, 5 Mass (ug/m?) for Baltimore, MD

Season Organic Carbon | Sulfate | Ammonium | Nitrate | Elemental Carbon
Winter 7.62 3.38 1.97 3.52 1.05
Spring 3.82 4.60 1.97 2.05 0.68
Summer 6.64 8.21 2.48 0.89 0.64
Fall 5.31 412 1.43 131 0.75

5.24 Trajectory Analysis

Figure 5-25 shows CATT back trajectories for the cleanest days in the speciation record over the
period studied from January 2001 through the end of August 2003. While even lower
concentration days can be found in the data record of Federal Reference Method monitors at the
Essex site, the trgjectories plotted in Figure 5-25 are the lowest concentration days in the
speciation record over the period studied. These “clean” days represent the five percent days
with the lowest total PM,5 mass.
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Figure 5-25 Back Trajectoriesfor the Five Percent Cleanest Days, Baltimore, MD

Many “clean day” trajectories travel great distances from the northern or western Canadian
provinces to Baltimore. These tracks indicate fast moving air masses probably associated with
large-scale weather systems. In contrast to trajectories associated with high concentrations, these
trgectories do not remain or re-circulate over source regions. Most other clean day trgjectories
are maritime trajectories tracking in from the Atlantic Ocean. Table 5-8 lists the five percent
cleanest days at Baltimore, MD and the total mass concentration measured by the speciation
monitor on that day.

Table 5-8 Five Percent Lowest Days for Baltimore, MD

Date PM 5 Mass (ug/m’)
9/25/2001 5.0
10/7/2001 5.5
11/6/2001 6.0
12/15/2001 5.1

6/7/2002 4.6
7/11/2002 4.5
7/26/2002 57
12/25/2002 4.5

1/3/2003 5.0
4/12/2003 57
5/24/2003 6.0
6/17/2003 54
10/3/2003 59
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Figure 5-26 shows back tragjectories for the dirtiest days, the five percent days with the highest
total PM2s mass. With the exception of the trajectories associated with the July 2002 Canadian
forest fires that move through southeastern Canada, “dirty day” trajectories are tracks of air
masses that have spent the past five days over the continental U.S and arrive in Baltimore from
the west. In many cases, the air circulates or re-circulates through air pollution source regionsin
the Midwest.
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Figure 5-26 Back Trajectoriesfor the Five Percent Dirtiest Days, Baltimore, MD

Table 5-9 lists the five percent dirtiest days and the total mass concentration measured by the
speciation monitor on that day. All of the five percent dirtiest days occurred during the months
of June, July and August.

Table 5-9 Baltimore, MD, Five Percent Highest Days

Date PM 5 Mass (ug/m’)
6/12/2001 41.6
8/8/2001 46.6
7/2/2002 51.8
7/3/2002 48.8
7/7/2002 78.5
7/8/2002 58.8
7/9/2002 43.0
7/18/2002 49.3
7/19/2002 47.5
6/26/2003 66.1
7/5/2003 43.9
8/22/2003 40.0
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5.3 South Charleston, WV

Site Name: South Charleston Public Library

AIRS Number: 54-039-1005

Latitude: 38.3681 North

Longitude: -81.6936 West

Elevation: 183 meters (600 feet)

Agency Operating the Monitor: West Virginia Department of Environmental Protection,
Division of Air Quality

Speciation Sampling Frequency: 1-in-6 days

5.3.1 Site Description

The South Charleston monitoring site is located about 5.6 km (3.5 miles) northwest of
Charleston, WV. Figure 5-27 shows the monitoring site's general location relative to the
interstate highway system and large population centers. The closest major cities to South
Charleston are Columbus, OH about 209 km (130 miles) to the north northwest, Cincinnati, OH
about 257 km (160 miles) to the northwest, and Pittsburgh, PA about 270 km (168 miles) to the
northeast.
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Figure 5-27 L ocation of the Charleston, WV Monitoring Site
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The monitoring site is located on the roof of the South Charleston Public Library, a one-story
building at the corner of 4th and D Streets in downtown South Charleston. The areaimmediately
around the monitoring siteisamix of residential, commercial, and industrial properties. While
the city of South Charleston has a population of 13,390, the city of Charleston, only a short
distance to the southeast, has a population of 53, 421.

South Charleston liesin the Kanawha River valley. At the monitoring site’ s location the river
valley isonly about 1.3 km (0.8 mile) wide. Steep hills rise sharply on both sides of the valley,
climbing to elevations 200 to 300 feet above the river. While the monitor is sited in alocation
with urban characteristics, the surrounding terrain outside of the valley is mountainous, forested
land. General land use quickly changes from urban to rural as one climbs out of the Kanawha
River valey. Figure 5-28 is a detailed map showing the topographic features around the
monitoring site. Figure 5-29 is a photograph of the monitoring site.

At

“1 south Charleston ’
Monitoring Site

Source: TopoZone

Figure 5-28 Topographic Map of the Charleston, WV Monitoring Site

Page 78



5 Site Information and Analyses
]

Figure 5-29 Photograph of the South Charleston, WV Monitoring Site

The West Virginia Division of Air Quality is engaged in an investigation of differencesin PM;s
speciation between “in valley” sites like the South Charleston monitoring site and “out of valley”
sites. The out of valley companion site for the South Charleston monitor is the Guthrie
monitoring station about 7-8 miles to the north of the South Charleston location.

Mobile source and industrial emissions likely contribute to PM, 5 Speciation measurements made
at the South Charleston monitor. U.S Route 60 (McCorkle Avenue) is about 274 meters (900
feet) north of the monitor. Route 60 is afour-lane street with many traffic lights and turning
lanes. Interstate 64, a mgor east-west artery in West Virginia, is 0.5 km (0.3 miles) south of the
monitor. In South Charleston, 1-64 is afour-lane highway that carries both commuter and
interstate traffic. Interstate 77/79 is approximately 4.8 km (3.0 miles) east of the monitor.

The Division of Air Quality of the West Virginia Department of Environmental Protection
reports there were a variety of point sources of air pollution in the vicinity of the monitoring site.
Table 5-10 lists some of the largest sources. Dow Chemical and Clearon Corporation also emit
NOy, SO, and VOCs.

Table 5-10 Emission Sourcesin the Vicinity of the South Charleston, WV Monitoring Site

Distance PM2s
Facility Name Site Description (km) Direction | (tons/yr)
Dow Chemical Chemical manufacturing 1.6 NE 40
Clearon Corporation Chemical manufacturing 0.8 W 46.9
Mayflower Vehicle Steel automotive parts
Systems stamping 0.5 W NA?
" Not Applicable
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5.3.2 Mgjor Constituents of PM ;5 Mass

The West Virginia Department of Environmental Protection requested that MARAMA
summarize the 2004-2005 PM3 s speciation data for their South Charleston monitoring site even
though these data cannot be directly compared with other sites presented in thisreport. The
South Charleston site cannot be directly compared with other sites because other sites utilize
2001-2003 data. The following analysis of speciation datais based on data from January 1, 2004
through November 12, 2005. Datafor November 13 through December 31, 2005 was not
available at the time this analysis was prepared.

From January 2004 to November 2005, the maor constituents of PM,s mass at the South
Charleston monitor were organic carbon mass and sulfate species followed by ammonium and
nitrate species. Using an OM/OC ratio of 1.6, organic carbon species contributed about 5.92
ng/m® to the average PM, 5 concentration measured. Average sulfate concentration was about
5.67 pg/m°. Average ammonium and nitrate concentrations were 1.90 pg/m® and 1.10 pg/m®
respectively. Average elemental carbon concentration was about 0.94 ug/m®. Figure 5-30 shows
the contribution the major five species made to the average PM, 5 concentration measured at the
site. The average concentration of geological material, trace elements, and salt were not
calculated for the South Charleston monitor.
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Figure 5-30 Major Constituents of PM,s Mass, South Charleston, WV

5.3.3 Time Series Analysis of PM .5 Species

A Met One SASS speciation sampler was installed at the South Charleston monitoring site on
November 23, 2003. It has operated on a 1-in-6 sampling schedule from its installation to the
present time. Figure 5-31 shows a composite time series for the five major species measured at

B
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South Charleston and Figures 5-32 through 5-36 show time series for each of the five major

gpecies. The black line in Figures 5-32 through 5-36 is the 30-day rolling average concentration
for the specie.
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Figure 5-31 Time Seriesfor the South Charleston, WV Monitor
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Figure 5-32 Sulfate Time Seriesfor the South Charleston, WV Monitor
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Figure 5-33 Organic Carbon Mass Time Seriesfor the South Charleston, WV Monitor
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Figure 5-34 Ammonium Time Seriesfor the South Charleston, WV Monitor
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Figure 5-35 Nitrate Time Seriesfor the South Charleston, WV Monitor
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Figure 5-36 Elemental Carbon Time Seriesfor the South Charleston, WV Monitor

The 30-day rolling average sulfate concentration in Figure 5-32 shows how sulfate varied from
January 2004 through November 2005. Sulfate concentrations were lowest in winter at an
average concentration of about 3.37 ug/m®. The average summer sulfate concentration was
much higher at 8.39 pg/m?, more than twice the winter concentration. Average spring and fall
concentrations were 4.32 and 6.12 pg/m® respectively. As the time series shows, sulfate
concentration was much more variable in summer than in winter.

Average organic carbon mass concentration was highest in summer at 6.81 pg/m® followed by
fall at 6.51 ug/m®. Average winter concentration was about 5.54 ug/m®. The lowest seasonal
organic carbon mass concentration occurred in spring at 4.76 ug/m°. As Figure 5-33 shows,
organic carbon mass concentration was quite variable any time of year. Concentrations ranged
between alow near zero and a high near 14.7 pg/m®.

Average ammonium concentration was highest in the summer at about 2.37 pg/m®. Winter and
spring average concentrations were lower at 1.46 pg/m® and 1.63 pg/m*. The average
concentration in the fall was 2.05 ug/m°. Figure 5-34 shows how ammonium concentration
varied over time. Ammonium concentration was most variable in summer when fairly high
concentrations occurred.

Ammonium and sulfate concentrations were well correlated (R? = 0.84); when sulfate
concentrations were high, ammonium concentrations were usually high. Table 5-11 lists
ammonium and sulfate concentrations on days when sulfate concentration exceeded 15 pg/m®.
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Table 5-11 High Ammonium and Sulfate Days for the South Charleston, WV Monitor

Date Ammonium Concentration (ug/nr) Sulfate Concentration (ug/m°)
7/3/05 3.8 16.0
8/26/05 4.5 16.0
9/13/05 7.1 17.8
9/25/05 4.9 18.2

As Figure 5-35 shows, nitrate measurements at South Charleston exhibited strong seasonal
variation. Nitrate concentrations were lowest in the summer and noticeably higher in winter and
early spring. The average summer concentration was 0.56 pg/m® whereas the average winter and
spring concentrations were 1.68 pug/m® and 1.43 pg/m® respectively. Average fall concentration
was 0.82 pg/m®. As Figure 5-35 shows, nitrate values were much more variable in winter and
early spring than in late spring and summer when they were consistently low.

Figure 5-36 displays the time series for elemental carbon. The highest seasona average
concentration occurred in the fall at 1.25 pg/m®. Winter, spring, and summer had similar average
concentrations of 0.85, 0.86, and 0.8 ug/m® respectively. Occasionally, relatively high elemental
carbon concentrations were observed. Two especially high concentrations occurred on March 4,
2004 (3.9 pg/m’) and on November 17, 2004 (3.3 pg/nt).

Seasonal averages for the major constituents of PM,s mass at South Charleston are summarized
in Table 5-12.

Table 5-12 Seasonal Averages for the Major Constituents of PM 5 Mass (ug/m°) for South Charleston, WV

Organic Carbon Mass Sulfate | Ammonium | Nitrate | Elemental Carbon
Winter 5.54 3.37 1.46 1.68 0.85
Spring 4.76 4.32 1.63 1.43 0.86
Summer 6.81 8.39 2.37 0.56 0.80
Fall 6.51 6.12 2.05 0.82 1.25
5.34 Trajectory Analysis

Trajectory analysis was not performed for the South Charleston monitor.
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5.4 Charlotte, NC

Site Name: Garinger High School

AIRS Number: 37-119-0041

Latitude: 35.24028 North

Longitude: -80.78556 West

Elevation: 232 meters (761 feet)

Agency Operating the Monitor: Mecklenburg County Land Use and Environmental Services
Agency

Speciation Sampling Frequency: 1-in-3 days

5.4.1 Site Description

The Garinger monitoring site is located on the grounds of Garinger High School in Charlotte,
NC. Thesiteisabout 5.6 km (3.5 miles) northeast of the central business district in Charlotte.
Figure 5-37 shows the monitoring site's location relative to the interstate highway system and
large population centers. As the figure shows, the closest cities to Charlotte are Winston-Salem,
NC about 134 km (83 miles) to the northeast, Greensboro, NC about 148 km (92 miles) to the
northeast, and Columbia, SC about 150 km (93 miles) to the southeast. Atlanta, GA is 393 km
(244 miles) to the southwest.
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Figure 5-37 L ocation of the Charlotte, NC Monitoring Site

Page 86



5 Site Information and Analyses
o ——

The Garinger monitor is a neighborhood scale monitor in a suburban location. The area
immediately adjacent to the high school is residential in nature with many single-family homes.
Most of the metropolitan area of Charlotte, population 582,502, lies to the west and south of the
monitoring site. Charlotteis located in the piedmont region of North Carolina, atransitional area
of rolling country between the Appalachian Mountains to the west and the coastal plain to the
east. The mountains are about 80 miles northwest of Charlotte. The Atlantic Ocean is about 160
miles southeast. Figure 5-38 is a detailed map showing the topographic features around the
monitoring site. Figure 5-39 is a photograph of the site.

Figure 5-38 Topographic Map of Charlotte, NC Monitoring Site
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Figure 5-39 Photograph of the Charlotte, NC Monitoring Site

The North Carolina Division of Air Quality reports there are avariety of air pollution sourcesin
the vicinity of the monitoring site. Table 5-13 lists the industries located within 24 km (fifteen
miles) of the site.

Table 5-13 Emission Sourceswithin 24km of the Charlotte, NC Monitoring Site

Actual Direct PM 25
Facility Emissions (Tons/Year)

Charlotte Pipe & Foundry Co. Inc. 106"
Caraustar Mill Group, Inc. 9
Industrial Container Services- NC, LLC 4
Interstate Brands Corporation 1t

Gerdau Ameristeel US Inc., Charlotte Steel Mill Division 32
Cargill, Inc. 13
InteliCoat Technologies, LLC 0
BMWNC, Inc. 0"
Continental Tire North America, Inc. 45
Frito-Lay, Inc. 1

Duke Energy Corporation - Allen Steam Station 2,012

1 PM,, emissions. PM, s emissions have not been estimated for this source.
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The largest source of direct PM;s emissions within a 24 km (15 mile) radius of the monitor is
Duke Energy Corporation’s Allen Steam Station, a 1,140 megawatt coal-fired power plant
located in Belmont, NC. Belmont is about 14 miles west of the monitoring site. Many of the
facilities listed in Table 5-13 also emit CO, NOy, PM 19, SO,, and VOCs.

5.4.2 Mgjor Constituents of PM ;5 Mass

The major constituents of PM, s mass at Charlotte were organic carbon and sulfate species
followed by ammonium and nitrate species. Using an OM/OC ratio of 1.6, the average organic
carbon mass concentration over 2001-2003 was 5.86 ug/m®. Average sulfate concentration was
4.96 ug/m*. Average ammonium and nitrate concentrations were 1.60 pg/m® and 0.94 pg/m®
respectively. Elemental carbon, geological components, and trace elements contributed about
1.5 pg/m? to the average mass concentration measured over 2001-2003. Figure 5-40 shows the
contribution each major specie made to the total mass measured at the site.
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Figure 5-40 Major Constituents of PM s Mass, Charlotte, NC

The average reconstructed mass calculated for this site was 6.4 percent lower than the average
gravimetric mass measured by the speciation sampler. Average reconstructed mass was 14.7
pg/m® whereas the average gravimetric mass was 15.7 pg/m’°. Figure 5-41 visually compares the
average reconstructed mass with the average gravimetric mass. It should be noted that the
Division of Air Quality of North Carolina s Department of Environment and Natural Resources
has found that the MetOne SASS speciation sampler produces gravimetric measurements of

PM, 5 mass that are about ten percent higher than co-located FRM monitors.
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Figure 5-41 Comparison of Average Reconstructed Mass and Average Gravimetric Mass, Charlotte, NC

5.4.3 Time Series Analysis of PM ,5 Species

A Met One SASS speciation sampler was installed at the Charlotte monitoring site on January
13, 2001. It has operated on a 1-in-3 sampling schedule from its installation to the present time.
Figure 5-42 shows a composite time series for the five major species measured at Charlotte and
Figures 5-43 through 5-47 show time series for each of the five maor species. The black linein
Figures 5-43 through 5-47 is the 30-day rolling average concentration for the species. In May
2001, the monitoring site was moved 230 meters to the southwest to allow room for the
construction of a new school parking lot. This move accounts for the break in the datain May
2001.
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Figure 5-42 Time Seriesfor the Charlotte, NC Monitor
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Figure 5-43 Sulfate Time Seriesfor the Charlotte, NC Monitor
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Figure 5-44 Organic Carbon Mass Time Seriesfor the Charlotte, NC Monitor
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Figure 5-45 Ammonium Time Seriesfor the Charlotte, NC M onitor
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Figure 5-46 Nitrate Time Seriesfor the Charlotte, NC Monitor
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Figure 5-47 Elemental Carbon Time Series for the Charlotte, NC M onitor
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The 30-day rolling average sulfate concentration in Figure 5-43 shows how sulfate varied
seasonally over the 2001-2003 period in Charlotte, NC. Sulfate concentrations were lowest in
winter at an average value of about 2.85 pg/m°. In late January or February, concentrations
began to rise and continued rising until peak values were reached in summer. The average
summer sulfate concentration was 6.55 pug/m°. Peak 24-hour summer concentrations were as
high as 15-20 pg/m®. In late August, or in the case of 2002 in mid-July, sulfate concentrations
began to decline and continued declining through the fall until winter levels were reached in
about February. As the sulfate time series shows, sulfate concentrations were much more
variable in summer than in winter.

Organic carbon mass, the largest contributor to PM, 5 mass in Charlotte, did not exhibit the clear
seasonal behavior seen in the sulfate time series. As Figure 5-44 shows, organic carbon mass
concentrations were quite variable over the data record studied making it difficult to discern
seasonal patterns. Using an OM/OC ratio of 1.6, over the course of 2001-2003, organic carbon
mass concentration averaged 5.86 pug/m® and ranged from about 0.6 to 19.1 ug/m®. The 30-day
rolling average concentration reveals a number of peaks and valeys. Over the 2001-2003
period, the average summer concentration was 6.49 pg/m® and the average winter concentration
was 6.15 ug/m®. Average spring and fall concentrations were 5.20 pg/m® and 5.64 pg/m®
respectively. The analysis of additional data collected over future years may help explain what
appears to be summer and winter peaks at this monitoring site.

Over 2001-2003, the average ammonium concentration was 1.60 pg/m°. Only Kinston, NC had
alower average ammonium concentration (1.51 ug/m?). Figure 5-45 shows how ammonium
concentrations varied over time. The highest ammonium values usually occurred in summer and
ranged from about 3 to 5 ug/m*. Some high concentrations were also observed in the spring and
fall. Summer had the highest average concentration at 1.84 ug/m® followed by spring with an
average concentration of about 1.65 pug/m®. Average winter concentration was about 1.33 pg/n'.
Over the 2001-2003 period, average ammonium levelsin Charlotte were less than the average
concentration observed in many other sites in the MARAMA Region.

Ammonium and sulfate concentrations were well correlated (R? = 0.85); when sulfate
concentrations were high, ammonium concentrations were usually high. Table 5-14 lists
ammonium and sulfate concentrations on days when sulfate concentration exceeded 15 pg/m®.

Table 5-14 High Ammonium and Sulfate Days for the Charlotte, NC Monitor

Date Ammonium Concentration (ug/n) Sulfate Concentration (ug/m°)
7/18/01 4.64 17.5
8/14/01 4.62 16.5
7/16/02 478 19.1

Of the eleven sites analyzed, the Charlotte site had the lowest average nitrate concentration (0.94
Hg/m°) over 2001-2003. As recent research has shown (Wittig, 2004), solid phase nitrate species
are afunction of temperature, relative humidity and ultraviolet radiation with higher
concentrations occurring during cold weather/winter conditions. It is not surprising therefore
that Charlotte, the most southern site studied, produced the lowest nitrate concentration. In this
study, lower average nitrate concentrations were found in the southern part of the MARAMA
Region and higher average concentrations in northern areas.
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As Figure 5-46 shows, nitrate measurements at Charlotte exhibited some of the seasonal
variation seen at other sites. Nitrate concentrations were lowest during the summer and
noticeably higher in winter. Over 2001-2003, the average summer concentration was 0.55 pg/m®
whereas the average winter concentration was 1.73 ug/m°. In spring and fall, the average nitrate
concentrations were 1.05 pg/m® and 0.75 pug/m®, respectively. As Figure 5-46 shows, nitrate
values were much more variable in winter than in summer.

Figure 5-47 displays the time series for elemental carbon. Average elemental carbon
concentration was at its lowest during the summer at about 0.45 pg/m®. Concentrations began to
gently rise in late summer or early fall. Peak levels were observed in the fall and winter months.
Average elemental carbon concentrations in the fall and winter were 0.68 pg/m® and 0.80 pg/m®
respectively.

Seasonal averages for the major constituents of PM,s mass measured in Charlotte, NC are
summarized in Table 5-15.

Table 5-15 Charlotte, NC Seasonal Averages for the Major Constituents of PM 5 Mass (ug/m°)

Organic Carbon Mass | Sulfate | Ammonium | Nitrate | Elemental Carbon
Winter 6.15 2.85 1.33 1.73 0.80
Spring 5.20 494 1.65 1.05 0.59
Summer 6.49 6.55 1.84 0.55 0.45
Fall 5.64 4.78 1.50 0.75 0.68
5.4.4 Trajectory Analysis

Figure 5-48 shows CATT back trgjectories for the cleanest days in the speciation record over the
period studied from June 2001 through December 2003. While even lower concentration days
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Figure 5-48 Charlotte, NC Back Trajectoriesfor the Five Percent Cleanest Days
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can be found in the data record for Federal Reference Method monitors at the site, the
trajectories plotted in Figure 5-48 are the lowest concentration days in the speciation record over
the period studied. These “clean” days represent the five percent days with the lowest total

PM, s mass.

Many “clean day” trajectories move quickly over great distances from the Pacific Northwest or
the northern or western Canadian provinces to Charlotte. These tracks indicate fast moving air
masses probably associated with large-scale weather systems. In contrast to trgjectories
associated with high concentrations, these trajectories do not remain or re-circulate over source
regions. Other clean day trajectories are maritime in nature, tracking in from the Gulf of

Mexico, the Caribbean Sea, or the Atlantic Ocean. Table 5-16 lists the five percent cleanest days
at Charlotte, NC and the total mass concentration measured by the speciation monitor on that

day.

Table 5-16 Charlotte, NC Five Percent L owest Days

Date PM s Mass (ug/m’)
1/31/2001 6.3
9/25/2001 6.9

10/07/2001 7.0
10/13/2001 6.3
1/03/2003 5.8
4/09/2003 5.8
5/18/2003 49
7/02/2003 55
9/03/2003 7.0
10/15/2003 6.6
11/20/2003 6.8
12/11/2003 6.4
12/20/2003 6.4
Average 6.3

Figure 5-49 shows back tragjectories for the dirtiest days, the five percent days with the highest
total PM2 5 mass. With the exception of one tragjectory that appears to originate in the Gulf of
Mexico, most “dirty day” trajectories are tracks of air masses that have spent the past five days
over the continental U.S. In many cases, the air circulates or re-circulates through air pollution
source regions in the South, Midwest, or Northeast and Mid-Atlantic states.
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Figure 5-49 Charlotte, NC Back Trajectoriesfor the Five Percent Dirtiest Days

Table 5-17 lists the five percent dirtiest days and the total mass concentration measured by the
Speciation monitor on that day.

Table 5-17 Charlotte, NC, Five Percent Highest Days

Date PM 5 Mass (ug/m’)
4/01/2001 44.0
4/04/2001 32.5
6/21/2001 31.8
7/18/2001 47.9
8/08/2001 31.1
8/14/2001 32.3
5/08/2002 324
7/01/2002 30.2
7/04/2002 30.8
7/16/2002 39.7
6/26/2003 40.7
7/20/2003 30.4

Average 35.3
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5.5 Dover, DE

Site Name: Dover

AIRS Number: 10-001-0003

Latitude: 39.15500 North

Longitude: -75.51805 West

Elevation: 10 meters (33 feet)

Agency Operating the Monitor: Delaware Department of Natural Resources and Environmental
Control (DNREC), Division of Air and Waste Management (DAWM), Air Quality Management
Section (AQM), Air Surveillance

Speciation Sampling Frequency: 1-in-6 days

5.5.1 Site Description

The Dover monitoring site is located in Dover, DE, population 32,135. Dover is about 64 km (40
miles) south of Wilmington, DE and the 1-95 corridor. Baltimore, MD is about 96 km (60 miles)
west of Dover across the Chesapeake Bay. Washington, DC is about 130 km (81 miles) to the
southwest also across the Chesapeake Bay. While the Dover monitor islocated in asmall city,
the areaimmediately outside the city isrural in nature and dedicated for the most part to farming
and other agricultural activities. Figure 5-50 shows the monitoring site's location relative to the
interstate highway system and large eastern population centers.
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Figure 5-50 L ocation of the Dover, DE Monitoring Site
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Figure 5-52 Photograph of the Dover, DE Monitoring Site
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The monitor is sited on a grassy strip of undeveloped land 100 meters (328 feet) west of the St.

Jones River. The St. Jones River and the undeveloped land along its banks forms a green “ buffer

zone” in the heart of Dover. The monitoring siteis only 210 meters (689 feet) from the state
capital. Administrative offices are a short distance north and west of the monitor. Residential
areas along the St. Jones lie east of the monitor. The St. Jones River and park-like lowlands are

south of the monitor. Figure 5-51 is a detailed map showing the topographic features around the

monitoring site. Figure 5-52 is a photograph of the site looking south.

Table 5-18 Emission Sourceswithin 16 km of the Dover, DE Monitoring Site

Distance | Direction | PM25"
Facility Name Site Description (km) (degrees) | (tonslyr)
Bayhealth Medical Center,
Kent General Hospital Health services 0.7 222 0.1
Stainless steel tubing
Camdel Metals Corporation  |manufacturing 6.2 211 ND?
City of Dover, McKee Run
Generating Station Electric power generation 3.1 313 36.7
City of Dover, Van Sant
Generating Station Electric power generation 2.9 246 0.0
Delaware State University College/university campus 4.0 328 0.3
Dover Air Force Base Air Force base 3.5 132 2.5
Dow Reichhold Speciaty Chemicas and allied
Latex, LLC products 6.8 319 0.9
Harris Manufacturing Co. Inc. |Fabricated rubber products | 15.9 335 ND?
Metal file cabinet
Hirsh Industries manufacturer 5.1 313 0.0
Food preparation and
Kraft Foods North America  |processing 2.3 252 0.2
NRG Energy Center Dover,
LLC Coal-fired power plant 2.6 254 104.9
Proctor and Gamble, Dover Hygiene products
Wipes Company production 2.9 256 6.3
Quality Kitchen Corp. Food service 6.0 221 ND?
Tilcon Delaware, Bay Road
Facility Asphalt concrete plant 7.0 144 3.7
Tilcon Delaware, Horsepond
Road Facility Asphalt concrete plant 3.3 110 3.8

" Primary (directly emitted) PM,5 emissions.

2 No data.
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The monitoring site is located near three magjor roadways. East Water Street, alocal two-lane
road is about 50 m (164 feet) to the east and west of the site. U.S. Route 13/113, a major
highway that carries north and south bound traffic, is approximately 0.5 km (0.3 mile) to the east
of the monitoring site. Delaware Route 1, another major north/south highway is 2 km (1.2 miles)
to theeast. While the Dover monitor is not located in the heart of alarge urban complex like the
Wilmington, DE monitor, there are some air pollution sources nearby. Table 5-18, provided by
the Delaware Department of Natural Resources and Environmental Control, lists the 15 facilities
within a 16 km (10 mile) radius of the monitor.

The largest source of direct PM;s emissions within a 16 km (10 mile) radius of the monitor is
NRG Energy Center Dover, LLC, acoa-fired power plant located 2.6 km to the west of the
monitoring site. Many of the facilities listed in Table 5-18 also emit CO, NOy, PM1q, SO, and
VOCs.

5.5.2 Mgjor Constituents of PM ;5 Mass

The major constituents of PM, s mass at Dover were organic carbon mass and sulfate species
followed by ammonium and nitrate species. Using an OM/OC ratio of 1.6, average organic
carbon mass averaged 3.62 ug/m® over 2001-2003. Sulfate species averaged 4.65 pg/m°.
Average ammonium and nitrate concentrations were 1.89 and 1.87 pg/m°. Elemental carbon,
geological components, and trace elements averaged about 1.3 pg/m® over 2001-2003. Figure 5-
53 compares the average concentrations of the major species measured at the site.
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Figure 5-53 Major Constituents of PM ;5 Mass, Dover, DE
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The average reconstructed mass calculated for this site was about 8.3 percent lower than the
average gravimetric mass measured by the speciation sampler. Average reconstructed mass was
13.4 ug/m® whereas the average gravimetric mass was 14.6 pg/m°. Figure 5-54 visually
compares the average reconstructed mass with the average gravimetric mass.
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Figure 5-54 Comparison of Average Reconstructed Mass and Average Gravimetric Mass, Dover, DE

5.5.3 Time Series Analysis of PM ,5 Species

The PM_ 5 speciation monitor at Dover, DE was installed and put in service in June 2001. It has
operated on a 1-in-6 sampling schedule from its installation to the present time. Figure 5-55
shows a composite time series for the five major species measured at Dover. Figures 5-56
through 5-60 show time series for each of the five maor species. The black linein Figures 5-56
through 5-60 is the 30-day rolling average concentration for the specie.
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Figure 5-55 Time Seriesfor the Dover, DE M onitor
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Figure 5-56 Sulfate Time Seriesfor the Dover, DE Monitor
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Figure 5-58 Ammonium Time Seriesfor the Dover, DE Monitor
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Figure 5-60 Elemental Carbon Time Seriesfor the Dover, DE Monitor
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Sulfate was the largest contributor to PM, s mass concentration in Dover over 2001-2003.
Average sulfate concentration was lowest in winter at 2.96 pg/m®. Average summer
concentration was much higher at 7.59 pg/m®. Average spring and fall concentrations lay
between the winter and summer concentrations at 3.82 and 3.77 pg/m°. Figure 5-56 shows the
30-day rolling average sulfate concentration over 2001-2003. Most sulfate measurements were
between 1 and 5 pg/m®. During the summer and occasionally at other times of year, sulfate
measurements were higher between about 5 and 10 pg/m®. Some very high concentrations
occurred in summer. Over 2001-2003, the peak summer sulfate concentration was 31.8 pg/m® on
June 26, 2003.

Using an OM/OC ratio of 1.6, organic carbon mass was the second largest contributor to PM, s
mass in Dover, DE. Average organic carbon mass concentration was highest during the summer
a 4.4 ug/m°. Average organic carbon mass concentration was 4.27 and 3.73 pg/m’® in winter and
fall and lowest at 1.91 pg/m® in the spring. The time seriesin Figure 5-57 reveals a number of
peaks and valleys. Elevated concentrations often occurred in summer and in late fall and winter.
Lower, less variable concentrations occurred in spring. The variable nature of organic carbon
mass and the relatively short data record over 2001-2003 makes it difficult to clearly identify
seasonal patterns. The analysis of additional data collected over future years may help explain
the season behavior of organic carbon mass. The organic carbon mass measurement for the
exceptional event that occurred July 7, 2002 was removed from the organic carbon mass time
series shown in this report and from seasonal average calculations. On July 7, 2002, smoke from
Canadian forest fires moved into the Mid-Atlantic Region.

Over 2001-2003, the average ammonium concentration was 1.89 pg/m°. Thiswas close to the
region wide average of 2.01 ug/m®, the same as the concentration observed in Richmond (1.89
pg/m°), and similar to the average concentration found in Baltimore (1.94 pg/m®). The average
ammonium concentration in Dover over 2001-2003 was less the average concentration observed
in Wilmington, DE (2.33 pg/m®) 64 km (40 miles) away.

As shown in Figure 5-58, average ammonium concentration was highest in the summer at 2.61
ng/m® followed by winter with an average concentration of about 1.92 pg/m®. Average spring
concentration was 1.67 pg/m® and fall had the lowest average concentration at 1.36 pg/m®.
Figure 5-58 shows how ammonium concentration varied over time. While the 30-day rolling
average shows peaks and valleys, ammonium concentration is variable between about zero and 4
pg/m® most times of the year. Occasional “spikes’ of high concentration occurred in summer.
The highest ammonium concentration occurred on June 26, 2003 at 11.8 ug/m®.

Ammonium and sulfate concentrations were well correlated (R? = 0.88); when sulfate
concentrations were high, ammonium concentrations were usually high. Table 5-19 lists
ammonium and sulfate concentrations on days when sulfate concentration exceeded 15 pg/m®.

Table 5-19 High Ammonium and Sulfate Days for the Dover, DE M onitor

Date Ammonium Concentration (ug/n) Sulfate Concentration (ug/m°)
6/12/01 6.6 18.0
6/25/02 7.8 22.9
7/19/02 9.0 28.0
6/26/03 11.8 31.8
B
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Asthe time series in Figure 5-59 shows, nitrate concentrations at Dover exhibited the strong
seasonal behavior seen at other sites. Nitrate concentrations were lowest during the summer and
noticeably higher in the winter. Over 2001-2003, the average summer concentration was 0.89
ng/m® whereas the average winter concentration was 3.80 pg/m?®. In spring and fall, average
nitrate concentrations were 1.91 pg/m® and 1.41 ug/m® respectively. As Figure 5-59 shows,
nitrate values are much more variable in winter than in summer. Wintertime ammonium and
nitrate measurements were strongly correlated (R?= 0.84).

Figure 5-60 displays the time series for elemental carbon. Asthe Figure shows, average
concentration remained fairly constant over 2001-2003. Average elemental carbon concentration
over the entire period was 0.47 pg/m®. Elemental carbon concentration was slightly lower during
the summer at 0.34 ug/m® and slightly higher during the winter at 0.59 pg/m®. The unusually
high values on April 20, 2002 (1.3 ug/m®) and December 10, 2002 (1.3 ug/m®) may have been
due to specia circumstances.

Table 5-20 shows the seasonal averages for the magjor constituents of PM, 5 mass.

Table 5-20 Seasonal Averages for the Major Constituents of PM 5 Mass (ug/m®) for Dover, DE

Organic Carbon Mass | Sulfate | Ammonium | Nitrate | Elemental Carbon
Winter 4.27 2.96 1.92 3.80 0.59
Spring 191 3.82 1.67 191 0.49
Summer 4.40 7.59 2.61 0.89 0.34
Fall 3.73 3.77 1.36 141 0.47

! Does not include the exceptional event that occurred July 7, 2002, the smoke event associated with Canadian forest
fires.

5.5.4 Trajectory Analysis

Figure 5-61 shows CATT back trajectories for the “cleanest” days in the speciation record over
the period studied from January 2001 through December 2003. While even lower concentration
days can be found in the data record for Federa Reference Method monitors at the site, the
trajectories plotted in Figure 5-62 are the lowest concentration days in the speciation record over
the period studied. These “clean” days represent the five percent days with the lowest total

PM5 s mass.

“Clean day” trgjectories arriving at the Dover monitor include sets of four trajectories that:

Originate in North and South Dakota, Manitoba and Saskatchewan Canada and travel
over the Great Lakes,

Start in British Columbia Canada and travel over central Canada and the Great L akes,
Originate in Ontario Canada and move down to Dover over western New Y ork and east
central Pennsylvania,

Begin in the Louisiana and Arkansas and |oops northeast into Quebec and Maine and
arrived in Dover from the northeast,

Arrive from the northeast off the Atlantic Ocean, and

Originate in the Atlantic off Florida and travels to Dover over the Appaachian
Mountains and the southeastern states.

T
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Figure 5-61 Back Trajectoriesfor the Five Percent Cleanest Days, Dover, DE

In general, these tragjectories do not originate or travel through high air pollution source regions.
Table 5-21 lists the five percent cleanest days at Dover, DE and the total mass concentration
measured by the speciation monitor on that day.

Table 5-21 Dover, DE Five Percent L owest Days

Date PM s Mass (ug/m’)
10/28/2001 4.9
12/15/2001 5.5

6/7/2002 4.2
10/29/2002 6.3
5/27/2003 6.0
12/5/2003 5.0
Average 5.3

Figure 5-62 shows back trgjectories for the “dirtiest” days, the five percent days with the highest
total PM2s mass. With the exception of a set of four trgjectories that originate in Ontario and
Manitoba Canada, most “dirty day” trgjectories begin and re-circulate over source rich regions.
Four of the six dirtiest days are high ammonium/high sulfate days that occurred during summer
months. Many dirty day traectories arrive in Dover from the west after traveling through the
Ohio River Valley and states along the Ohio River. The set of trgjectories that originate in
Ontario and Quebec Canada are associated with the Canadian forest fire event of July 7-9, 2002.
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Figure 5-62 Back Trajectoriesfor the Five Percent Dirtiest Days

Table 5-22 lists the five percent dirtiest days and the total mass concentration measured by the
Speciation monitor on that day.

Table 5-22 Dover, DE, Five Percent Highest Days

Date PM 5 Mass (ug/m)
6/6/2001 32.8
6/12/2001 514
6/25/2002 46.5
7/7/2002 114
7/19/2002 56.5
6/26/2003 64.3
Average 60.9
o TT——
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5.6 Elizabeth, NJ

Site Name: Elizabeth Lab

AIRS Number: 34-039-0004

Latitude: 40.6411 North

Longitude: -74.2078 West

Elevation: 4.9 meters (16 feet)

Agency Operating the Monitor: New Jersey Department of Environmental Protection
Speciation Sampling Frequency: 1-in-3 days

5.6.1 Site Description

The Elizabeth monitoring site is located about 2.9 km (1.8 miles) south of downtown Elizabeth,
NJ. It is located about 10.5 km (6.5 miles) south of Newark NJ and about 12 miles southwest of

New York City. Figure 63 shows the monitoring site's location relative to the interstate highway
system and large population centers.

Figure 5-63 L ocation of the Elizabeth, NJ Monitoring Site

The Elizabeth monitor islocated in a highly urban and industrial area close to many emission
sources. The most important feature of the site isits proximity to major mobile source
emissions. The site is located adjacent to atoll plaza on the New Jersey Turnpike. Both the
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New Jersey Turnpike and the Staten Island Expressway (1-278) are less than 200 meters (656
feet) from the monitoring shelter. The areaimmediately north of the highway interchange is
residential in character. The area south of the interchange is industrial and includes extensive
tank farms and other industrial facilities. The Newark International Airport is approximately 6
km (3.8 miles) to the north of the Elizabeth monitor. The nearby Port Newark/Elizabeth marine
terminal isthe world's largest containership port.

The siteisrelatively low lying. Itislessthan a 1.6 km (1 mile) west from the Arthur Kill, the
body of water separating New Jersey from Staten Island, NY. The Atlantic Ocean is 27.4 km (17
miles) east of the monitoring site. Figure 5-64 shows the topographic features.
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Figure 5-64 Topographic Map of the Elizabeth, NJ M onitoring Site

The population of Elizabeth, NJis 124,724. This population figure however does not properly
characterize the urban nature of this monitoring site, especially given that New Y ork City isonly
12 milesto the northeast. The population of the New Y ork City metropolitan area was estimated
to be 21,199,865 in 2000 (2000 U.S. Census Bureau data).

5.6.2 Mgjor Constituents of PM ;5 Mass

For 2001-2003, the major constituents of PM»s mass at Elizabeth were organic carbon and
sulfate species followed by ammonium and nitrate species. Using an OM/OC ratio of 1.6, over
2001-2003, average organic carbon mass was 6.93 pg/m® whereas average sulfate concentration
was 4.81 ug/m®. Average ammonium and nitrate concentration were 2.19 and 2.27 pg/nr’.
Elemental carbon contributed about 1.82 pug/m® of the total mass. Geological components, trace
elements and salt added about 1.2 pg/m® to the mass. Figure 5-65 shows the contribution each
species makes to the total mass measured at the site.
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Figure 5-66 Comparison of Average Reconstructed Mass and Average Gravimetric Mass, Elizabeth, NJ
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The average reconstructed mass cal culated for this site was 6.2 percent higher than the average
gravimetric mass measured by the speciation sampler. Average reconstructed mass was 19.1
Hg/m® whereas the average gravimetric mass was 18.0 pg/m®. Figure 5-66 visually compares the
average reconstructed mass with the average gravimetric mass. The OM/OC ratio of 1.6 applied
at this site may be too high, given the relatively “fresh” mobile source emissions that are thought
to present near the Elizabeth monitor.

5.6.3 Time Series Analysis of PM ,5 Species

The data record for the Met One SASS speciation sampler installed at the Elizabeth, NJ begins
on June 6, 2001. The sampler has operated on a 1-in-3 sampling schedule from its installation to
the present time. Figure 5-67 shows a composite time series for the five maor species measured
at Elizabeth and Figures 5-68 through 5-72 show time series for each of the five major species.

In the time series plots for the five major species, the black line is the 30-day rolling average
concentration for the specie.
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Figure 5-67 Time Seriesfor the Elizabeth, NJ Monitor
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Figure 5-68 Sulfate Time Seriesfor the Elizabeth, NJ M onitor
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Figure 5-69 Organic Carbon Mass Time Seriesfor the Elizabeth, NJ Monitor
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Figure 5-70 Ammonium Time Seriesfor the Elizabeth, NJ M onitor
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Figure 5-71 Nitrate Time Seriesfor the Elizabeth, NJ M onitor
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Figure 5-72 Elemental Carbon Time Seriesfor the Elizabeth, NJ Monitor

The 30-day rolling average sulfate concentration in Figure 5-68 shows how sulfate varied
seasonally over the 2001-2003 period in Elizabeth, NJ. The average sulfate concentration over
all seasons at Elizabeth, 4.81 pg/m® was somewhat lower than the regional average regional
sulfate concentration of 5.11 pg/m®. Sulfate concentrations were highest in the summer and
lowest in the winter. Average summer concentration over 2001-2003 was 6.98 pg/m®; average
winter concentration was 3.42 ug/m°®. As observed at other sites, sulfate concentration was much
more variable during the summer than during other times of the year. Peak summer
concentrations were in the 20-25 pg/m® range.

Organic carbon was the largest contributor to PM2 s mass at Elizabeth, NJ. The average organic
carbon concentration over 2001-2003 was about 6.93 ug/m®. This average concentration was
similar to the average observed in Richmond, VA (6.81 pg/m®) but higher than the average of
5.96 pug/m® observed at Philadelphia, PA, geographically the closest other monitor studied.
Elizabeth’ s average organic carbon mass concentration was almost twice the average
concentration estimated for Dover, DE, (3.62 ug/m®), the lowest average concentration observed
in the study. The high organic carbon concentrations at Elizabeth were likely due to the
monitor’s location in an arearich in mobile source emissions and perhaps industrial or other
organic carbon emissions. High organic carbon mass concentrations estimated for Elizabeth, NJ
may also be partialy due to the OM/OC ratio applied to this site. If the Elizabeth monitoring site
isin fact a site that receives large amounts of freshly emitted organic carbon species, the OM/OC
ratio applied here of 1.6 may be too high for this monitoring station. Applying alower OM/OC
ratio would reduce estimates of organic carbon mass at this monitoring site.
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Asthe 30-day rolling average in Figure 5-69 shows, organic carbon measurements appeared to
exhibit some seasonal variation. Concentrations were often higher in summer and late fall/winter
months than at other times of the year. While summer concentrations did not rise appreciably in
2001, increased concentrations were observed during the summers of 2002 and 2003. Over
2001-2003 period, the average summer concentration was 8.34 pg/m® followed by the average
winter concentration of 7.60 ug/m®. The average spring and fall concentrations were 5.34 ug/m®
and 6.34 pg/m® respectively. The extraordinarily high organic carbon mass concentration of
72.0 ug/m?® observed on July 7, 2002, was removed from the dataset. On this day, smoke from
Canadian forest fires was in the Mid-Atlantic Region. Data associated with the Canadian forest
fires was treated as an exceptional event.

Over 2001-2003, the average ammonium concentration was 2.19 pg/m®. This average
concentration was close to the regional average concentration of 2.01 ug/m?® calculated for all
monitors studied. Figure 5-70 shows how ammonium concentrations varied over time. Summer
had the highest average concentration at 2.75 ug/m®. Winter averaged 2.23 pg/m® and spring
averaged 2.05 pg/m°. Fall had the lowest concentration at 1.58 pg/nr.

Ammonium and sulfate concentrations were well correlated (R? = 0.85); when ammonium
concentrations were high, sulfate concentrations were usually high. Table 5-23 lists ammonium
and sulfate concentrations on days when sulfate concentration exceeded 15 pg/m.

Table 5-23 High Ammonium and Sulfate Days for the Elizabeth, NJ M onitor

Date Ammonium Concentration (ug/n) Sulfate Concentration (ug/m°)

6/30/01 9.2 25.6

7/19/02 7.6 17.5

10/2/02 7.2 15.8

6/26/03 8.1 20.8

7/5/03 3.5 17.8
8/13/03 6.9 20.1
8/22/03 8.0 22.5

10/9/03 10.2 16.9

Over 2001-2003, the Elizabeth monitor had an average nitrate concentration of 2.27 ug/m®, an
average somewhat higher than the average concentration of 1.76 pg/m® calculated for all
monitors studied. Recent research has shown (Wittig, 2004) that the formation of solid phase
nitrate speciesis afunction of temperature, relative humidity, and ultraviolet radiation with
higher concentrations occurring during cold weather/winter conditions. It isnot surprising
therefore that Elizabeth, NJ produced nitrate concentrations somewhat higher than monitors to
the south.

As Figure 5-71 shows, nitrate measurements at Elizabeth exhibited the seasonal variation seen at
other sites. Nitrate concentrations were lowest during the summer and noticeably higher in
winter. Over 2001-2003, the average summer concentration was 1.42 pg/m® whereas the average
winter concentration was 3.66 pug/m®. In the spring and fall, average nitrate concentrations were
2.51 pg/m® and 1.90 pg/m®, respectively. As Figure 5-71 shows, nitrate values are much more
variable in winter than in summer.
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Figure 5-72 displays the time series for elemental carbon. Over 2001-2003, the Elizabeth
monitor had the highest average elemental carbon concentration (1.82 pg/nr°) of the eleven
monitors studied. This average concentration was more than double the average concentration
observed at other urban sites like Philadel phia, Pittsburgh, Baltimore, Washington, DC, and
Wilmington, DE. The average elemental carbon concentration was about four to five times the
average concentration observed at rural sites like Kinston, NC (0.36 pg/m?®) or Arendtsville, PA
(0.39 pg/m).  Average elemental carbon concentration was highest during the summer at 1.99
pg/m° and lowest during the winter and spring, 1.63 ug/m® and 1.64 pg/m® respectively.

The seasonal averages of the major species analyzed at Elizabeth, NJ are shown in Table 5-24.

Table 5-24 Seasonal Averages for the Major Constituents of PM 5 Mass (ug/m®) for Elizabeth, NJ

Organic Carbon | Sulfate | Ammonium | Nitrate | Elemental Carbon
Winter 7.60 3.42 2.23 3.66 1.64
Spring 5.34 4.20 2.05 2.51 1.63
Summer 8.34 6.98 2.75 1.42 1.99
Fall 6.34 3.77 1.58 1.90 2.01
5.6.4 Trajectory Analysis

Figure 5-73 shows CATT back trajectories for the cleanest days in the speciation record over the
period studied from May 2001 through December 2003. While even lower concentration days
can be found in the data record for Federal Reference Method monitors at the site, the
trajectories plotted in Figure 5-73 are the lowest concentration days in the speciation record over
the period studied. These “clean” days represent the five percent days with the lowest total

PM5 s mass.

Elizabeth, NJ 5% Lowest PM2.5 Days B S 1O MR 330390008

2002-07-28 27.9 ugim3

B0

j Monitoring Network
W IMPROYE

s, =

—— -0
L L M n

1-51 25 -120 -15 -10 -105 -100 85 90 -85 -80 75 -7a
Drata Provider: Coop Inst for Research Atmosphers, Colo State Delivery: DataFed Mat

Figure 5-73 Elizabeth, NJ Back Trajectoriesfor the Five Percent Cleanest Days
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Most “clean day” trajectories show air parcels moving quickly from western Canadian directly to
Elizabeth, NJ. These tracks originate in areas where there are relatively few source emissions.
Most of these trgjectories also do not pass through areas associated with high source emissions.
In contrast to trajectories associated with high PM2 s concentrations, these trajectories do not
remain or re-circulate over source regions. Other clean day trgjectories come from Ontario,
Canada and afew are maritime in nature.

Table 5-25 lists the five percent cleanest days at Elizabeth, NJ and the total mass concentration
measured by the speciation monitor on that day.

Table 5-25 Elizabeth, NJ Five Percent L owest Days

Date PM 5 Mass (ug/m)
7/15/2001 54
10/7/2001 5.0
10/28/2001 3.7
11/6/2001 4.6
12/21/2001 5.1

9/2/2002 4.7
10/14/2002 5.0

4/6/2003 5.6
10/15/2003 52
11/14/2003 4.8
11/29/2003 55

Average 5.0
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Figure 5-74 Elizabeth, NJ Back Trajectoriesfor the Five Percent Dirtiest Days
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Figure 5-74 shows back trgjectories for the dirtiest days, the five percent days with the highest
total PM, 5 mass. With the exception of afew trgectories that appear to originate in the Gulf of
Mexico, Atlantic Ocean and Ontario, Canada, most “dirty day” trajectories are tracks of air
masses that have spent the past five days over the continental U.S. In many cases, the air
circulates or re-circulates through air pollution source regions in the South, Midwest, or
Northeast and Mid-Atlantic states.

Table 5-26 lists the five percent dirtiest days and the total mass concentration measured by the
Speciation monitor on that day.

Table 5-26 Elizabeth, NJ Five Percent Highest Days

Date PM 5 Mass (ug/m’)
6/30/2001 49.7
8/23/2001 38.3
3/15/2002 43.3

7/7/2002 85.7
7/19/2002 44.3
1/30/2003 44.0
6/26/2003 56.2
8/13/2003 41.0
8/22/2003 49.6
10/9/2003 51.0

Average 50.3
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5.7 Kinston, NC

Site Name: Kinston

AIRS Number: 37-107-0004

Latitude: 35.2314 North

Longitude: -77.5686 West

Elevation: approximately 13.4 meters (44 feet)

Agency Operating the Monitor: North Carolina Division of Air Quality
Speciation Sampling Frequency: 1-in-6 days

5.7.1 Site Description

The Kinston monitoring site is located near the town of Kinston, NC, which islocated in east
central North Carolina. Kinston isin the coastal plane region of North Carolina, an area
characterized by flat land or areas of gently rolling hills and valleys. The monitor is
approximately 126 km (78 miles) southeast of Raleigh, NC and about 144 km (89 miles) north
and dlightly east of Wilmington, NC. Figure 5-75 shows the monitoring site's location relative
to the interstate highway system and large population centers.
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Figure 5-75 L ocation of the Kinston, NC Monitoring Site
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While the Kinston monitoring site is located just south of the town of Kinston, it is considered a
rural monitoring site. The population of Kinston is only 23,688 and the site isrelatively far from
large metropolitan areas. The site islocated on the south end of the athletic fields of Lenoir
Community College. With the exception of the town of Kinston to the north and the residential
areas north and west of the town, the land around the monitoring site is either in agricultura
production or marshland associated with the Neuse River. Figure 5-76 is a detailed map showing
the topographic features around the monitoring site. Figure 5-77, a photograph looking south
from the monitor, captures the rural nature of the landscape south of the monitor.
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Figure 5-76 Topographic Map of Kinston, NC Monitoring Site

The North CarolinaDivision of Air Quality reports there are a variety of air pollution sourcesin
the vicinity of the monitoring site. Within 1.6 km (one mile) of the site there are woodworking
and wood finishing operations that emit VOCs and particulate matter. Within about 16 km (ten
miles) of the site, there are arange of air pollution sources including a plant that makes plastic
products, three boilers, curing ovens, heating facilities, and other sources. The boilers, curing
ovens, heating facilities and other sources in the area are general emitters of CO, NOy, PM, SO,
and VOCs. The area around Kinston, NC is noted for large hog farms and concentrated animal
feeding operations (CAFOs).
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Figure 5-77 View from the Kinston, NC Monitoring Site L ooking South

5.7.2 Major Constituents of PM 25 Mass

The major constituents of PM,s mass at Kinston were organic carbon and sulfate species
followed by ammonium and nitrate species. Using an OM/OC ratio of 1.6, over 2001-2003,
average organic carbon mass concentration was 4.47 pg/m°. Average sulfate concentration was
4.11 pg/m°. Average ammonium and nitrate concentrations were 1.51 and 1.10 pg/m®,
respectively. Elemental carbon, geological components, and trace elements added about 1.2
pg/m® to the average concentration measured at Kinston. OM/OC ratios larger than 1.6 are often
applied at rural sites similar to Kinston, NC so the OM/OC ratio applied here may understate
organic carbon mass measured at thissite. If alarger OM/OC ratio was applied to the data,
organic carbon mass would represent an even larger percent of total mass. Figure 5-78 shows
the relative contribution each species made to the average concentration measured at Kinston,
NC.
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The average reconstructed mass calculated for this site was 8.6 percent lower than the average
gravimetric mass measured by the speciation sampler. Average reconstructed mass was 12.6
Hg/m® whereas the average gravimetric mass was 13.7 pg/m’°. Figure 5-79 visually compares the
average reconstructed mass with the average gravimetric mass.

5.7.3 Time Series Analysis of PM .5 Species

A speciation sampler was installed at the Kinston monitoring site in January 2002. It has
operated on a 1-in-6 sampling schedule from its installation to the present time. Figure 5-80
shows a composite time series for the five maor species measured at Kinston and Figures 5-81
through Figure 5-85 show time series for individual species. In the time series plots for the five
major species, the black line is the 30-day rolling average concentration for the specie.
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Figure 5-85 Elemental Carbon Time Seriesfor the Kinston, NC Monitor

While sulfate species were an important contributor to total mass at Kinston, NC, sulfate
concentrations, shown in Figure 5-81, did not rise sharply in summer as observed at other sitesin
the Region. Some higher sulfate concentrations occurred in summer and early fall, but they were
modest increases compared to the behavior seen at other sitesin the Region. The lack of a strong
“aulfate signal” in summer may partialy account for organic carbon mass supplanting sulfate as
the largest contributor to total mass at this monitoring site. Over the two-year period, the
average sulfate concentration was 4.11 pg/m® with most values falling between about 1.0 pg/m®
and 7.0 pg/m”.

Figure 5-82 gives a sense for how organic carbon mass, the largest contributor to total mass,
varies over time. The average organic carbon mass concentration over the period was 4.47
ng/m®. The average summer concentration was 5.38 pg/m® followed by average winter and fall
concentrations of 4.67 and 4.59 pg/m°. The average spring concentration was lowest at 3.27
pg/m?>. 1t would be interesting to know if the high value observed on June 26, 2003 can be
explained by special circumstances.

Over 2001-2003, ammonium concentration averaged 1.51 pg/m®, the lowest average
concentration of any of the eleven sites analyzed. Initially, it was thought the Kinston site might
exhibit high ammonium concentrations because of the site’s general proximity to concentrated
animal feeding operations (CAFOs). High average concentrations were not observed however.

Figure 5-83 shows how ammonium concentrations track over time. Average winter
concentration (1.38 pg/m’) was somewhat lower than average concentrations calculated for other
times of year, but a strong seasonal pattern was not obvious over the 2001-2003 time period. A
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table of high ammonium and sulfate days was not prepared for this site, because the sulfate
concentration did not exceed 15.0 ug/m® over the course of the study period.

Of the eleven sites analyzed, the Kinston site had the second lowest average nitrate concentration
(1.10 pg/m®) over the 2001-2003 period. Only Charlotte, NC had alower average nitrate
concentration at 0.94 ug/m°®. Recent research has shown (Wittig, 2004) that solid phase nitrate
species are a function of temperature, relative humidity and ultraviolet radiation with higher
concentrations occurring during cold weather/winter conditions. It is not surprising therefore
that Kinston and Charlotte, NC, the two most southern sites studied, produced the lowest nitrate
concentrations.

As Figure 5-84 shows, nitrate measurements at Kinston exhibited some of the seasonal variation
seen at other sites. Nitrate concentrations were lowest during the summer and noticeably higher
in winter. Over 2001-2003, the average summer concentration was 0.75 pg/m® whereas the
average winter concentration was 2.03 pg/m”>. In spring and fall, the average nitrate
concentration was 0.87 and 0.98 pg/m® respectively. As Figure 5-84, shows, nitrate values were
much more variable in the late fall and winter than in summer months.

Figure 5-85 displays the time series for elemental carbon. The plot shows fairly constant
concentrations ranging between close to zero to about 0.80 pg/m®. The average concentration
over 2001-2003 was 0.36 pg/m?®, the lowest average concentration of any of the eleven monitors
studied. Over 2001-2003, the average summer concentration was 0.22 ug/m® whereas the
average fall and winter concentrations were more than twice as much at 0.47 and 0.46 pg/n’,
respectively. In the spring, the average elemental carbon concentration was 0.39 ug/m®. It
would be interesting to know if the high values observed on April 20, 2002 (1.6 pg/m®) and on
October 6, 2003 (2.4pg/m>) can be attributed to special circumstances since these days appear
exceptional given the other measurements.

The rural speciation monitors examined at Arendtsville, PA and Kinston, NC had very similar
average elemental carbon concentrations over 2001-2003. The average concentrations at
Arendtsville, PA (0.39 ug/m®) and Kinston, NC (0.36 ug/m®), may approximate the “regional
background concentration” of elemental carbon, since these rural sites have relatively few
sources of elementa carbon. The analysis of data from additional monitors around the Region
would help confirm what regional background concentrations of elemental carbon actually are.

Seasonal averages for the major constituents of PM,s mass measured in Kinston, NC are
summarized in Table 5-27.

Table 5-27 Seasonal Averages for the Major Constituents of PM 5 Mass (ug/m®) for Kinston, NC

Organic Carbon | Sulfate | Ammonium | Nitrate | Elemental Carbon
Winter 4.67 3.01 1.38 2.03 0.46
Spring 3.27 4.15 1.43 0.87 0.39
Summer 5.38 4.48 1.52 0.75 0.22
Fall 4.59 472 1.75 0.98 0.47
5.7.4 Trajectory Analysis

Figure 5-86 shows CATT back trajectories for the cleanest days in the speciation record over the
period studied from June 2001 through December 2003. While even lower concentration days
can be found in the data record for Federal Reference Method monitors at the site, the
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trajectories plotted in Figure 5-86 are the lowest concentration days in the speciation record over
the period studied. These “clean” days represent the five percent days with the lowest total
PM5 s mass.
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Figure 5-86 Kinston, NC Back Trajectoriesfor the Five Percent Cleanest Days

Two clean day tragjectories (two sets of four lines) originate in the Hudson Bay area of Canada or
eastern provinces of Canada and arrive at Kinston after fairly long distances over the Atlantic
Ocean. Another clean day trgectory originatesin the Gulf of Mexico off the Y ucatan peninsula
and takes a mostly maritime track over the Gulf of Mexico and the Atlantic Ocean. The two
other trgjectories either re-circulate south of Kinston over the Atlantic or come in from the west
without tracking over major source regions. Table 5-28 lists the five percent cleanest days at
Kinston, NC and the total mass concentration measured by the speciation monitor on that day.

Table 5-28 Kinston, NC Five Percent L owest Days

Date PM s Mass (ug/m’)
4/9/2003 4.8
7/14/2003 51
8/13/2003 4.5
9/12/2003 52
12/11/2003 4.7
Average 4.9

Figure 5-87 shows back trajectories for the dirtiest days, the five percent days with the highest
total PM2s mass. These tragjectories generally show air arriving at Kinston after tracking through
source regions to the southeast, west and north.

B
Page 130



5 Site Information and Analyses

i o, i SIEWS_OL: MF 571070004
Kinston, NC 5% Highest Days o
B0 j j j j j j ! j j j Monitoring Network
N IMPROYE

MF ug/m3

Osn
o s
S

L N
75 -7a
Delivery: DataFed Mat

1538 a0 RETS 10 RIT
Drata Provider: Coop Inst for Research Atmosphers, Colo State

Figure 5-87 Kinston, NC Back Trajectoriesfor the Five Percent Dirtiest Days

Table 5-29 lists the five percent dirtiest days and the total mass concentration measured by the
Speciation monitor on that day.

Table 5-29 Kinston, NC Five Percent Highest Days

Date PM 5 Mass (ug/m’)
2/19/2002 26.2
7/7/2002 29.5
9/11/2002 25.7
5/9/2003 23.7
6/26/2003 41.3
Average 29.3
o TT——
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5.8 Philadelphia, PA

Site Name: Air Management Services (AMS) Laboratory

AIRS Number: 42-101-0004

Latitude: 40.0089 North

Longitude: -75.0978 West

Elevation: 22 meters (72 feet)

Agency Operating the Monitor: Philadelphia Department of Public Health, Air Management
Services

Speciation Sampling Frequency: 1-in-3 days

5.8.1 Site Description

The Air Management Services (AMS) Laboratory monitoring siteis located in northeast
Philadelphia, PA about 8.5 km (5.3 miles) northeast of the central business district of the city.
Figure 5-88 shows the monitoring site's location relative to the interstate highway system and
large population centers. Camden, NJis approximately 7.2 km (4.5 miles) south of the
monitoring site. The closest cities outside of the Philadelphia metropolitan area are Wilmington,
DE about 48 km (30 miles) to the southwest, New York, NY about 121 km (75 miles) to the
northeast, and Harrisburg, PA about 154 km (96 miles) to the west.

Mandand”
(XA

Figure 5-88 L ocation of the Philadelphia, PA Monitoring Site
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The Philadel phia monitor is an urban scale monitor. It islocated on the roof of a building 30.5
meters (100 feet) from the corner of Castor Avenue and East Lycoming Street. The area
immediately adjacent to the monitoring site is a high-density residential neighborhood of row
houses. Most of the metropolitan area of Philadelphia, population 1,470,151, liesto the
southwest of the monitoring site. Like many urban monitors, there are a variety of roadways
near the monitoring site, ranging from two-lane local streets to a four-lane artery 168 meters (550
feet) north of the site. Interstate 95 runs through Philadel phia and this major interstate highway
isonly 1.9 km (1.2 miles) east of the monitor. The Delaware River and the industry along it are
4 km (2.5 miles) south and east of the monitoring site. Figure 5-89 is a detailed map showing the
topographic and other major features around the monitoring site.
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Figure 5-89 Topographic Map of the Philadelphia, PA Monitoring Site

The Philadel phia Department of Public Health reports there are a variety of air pollution sources
in the vicinity of the monitoring site. Table 5-30 lists total PM and PM 1, emission data for
sources within 18 km (11.2 miles) of the monitor. PM s emissions have not been estimated for
these sources.

Table 5-30 Emission Sour ces within 18 km of the Philadelphia, PA Monitoring Site

Distance Total

Name Site Description (km) |Direction| SO2 | PM |PM10| NO2 CO |vOC
Sun Refining and
Marketing Petroleum refinery 13.0 SSW |3,828.6| 0.0 |276.2]|3,177.2|1,990.4|726.2
Sunoco Logistics, |Petroleum liquid
Belmont Terminal  |terminal 12.6 SSW 0.0 0.0 | 0.0 0.0 0.0 |945
Sunoco Belmont,
Remediation
System Remediation system| 12.6 SSW

- TTTII——
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Distance Total

Name Site Description (km) |Direction| SO2 | PM |PM10| NO2 CO |vOC
Sun Company,
Schuylkill Tank
Farm Tank farm 13.0 SSwW 0.0 00 | 0.0 1.6 8.7 |288.1
Rohm & Haas Miscellaneous
Company chemical mfg. 3.0 ESE 3.8 05 | 05 9.0 19 |104
Calpine
Philadelphia, NE  |Cogeneration plant 2.2 SSE 2.8 0.0 | 0.0 2.1 43 | 0.7
Calpine
Philadelphia, SW  |Cogeneration plant 17.0 SSW 0.0 0.0 | 0.2 0.2 05 | 0.0
Sunoco Chemical,
Frankford Plant Chemical plant 1.8 ESE 502.3 | 157.6| 35.1 | 393.7 | 39.1 | 945
Jefferson Smurfit  |Box board mill
Corporation (U.S.) |division 12.0 WNW | 131.1 | 21.3 | 19.2 | 1099 | 19.1 |13.2
Kvaerner
Philadelphia
Shipyard, Inc. Ship building yard 14.0 ESE 00 |19.7 | 19.7| 30 21 |495
Sun Chemical
Corporation, GPI  |Printing ink
Division manufacturer 7.3 WSW 0.0 01 | 0.0 0.3 0.1 |305
Inolex Chemical Specialty organic
Company chemicals 10.6 SSW 904 | 70 | 6.3 54.5 6.5 | 6.7
Lawrence
McFadden
Company Paint manufacturer 6.3 ENE 0.3 0.0 | 0.0 0.2 0.0 |26.0
Smith, Edwards, Commercid
Dunlap Company  |printing 2.9 SSW 0.4 0.0 | 0.0 0.4 01 | 42
Graphic Arts, Inc.  |Printing facility 10.8 WSW 0.0 0.0 | 0.0 0.1 01 | 6.8
Kraft Foods N.A., |Cookie and cracker
Inc. (Nabisco) baking 134 NNE 6.7 14 | 0.8 104 53 | 65
Catalyst
International/Gasket | Gasket
Materials manufacturing 3.8 ENE 0.0 0.0 | 0.0 0.1 0.0 | 49
Allied Tube &
Conduit Tube and conduit
Corporation mfg. 11.8 ENE 0.0 0.0 | 0.0 0.0 0.0 | 712
Newman &
Company Paper recycler 3.8 ENE 1420 | 142 | 99 | 1064 | 9.2 | 05
Arbill Industries, Industrial dry
Inc. cleaner 6.4 WSW 0.2 00 | 0.0 0.2 01 |227
Cardone Industries,
Inc. Auto parts remfg. 3.4 NNW 0.0 4.7 0.1 5.1 1.0 |154.6
SEPTA
Berridge/Courtland |Bus maintenance
Maintenance Shop |shop 3.0 WNW 0.0 0.1 | 0.0 4.0 13 | 58
Exelon Generation
Company, Delaware
Station Electric utility 5.3 SSwW 721 | 59 | 54 | 591 58 | 05
Trigen, Edison District steam
Station heating 8.2 SSW | 2512 | 76 | 68 | 1372 | 176 | 1.0
Exelon Generating
Company, Electric utility 31 SSE 2.8 12 | 12 11.0 01 | 0.0
B
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Name Site Description (km) |Direction| SO2 | PM |PM10| NO2 CO |vOC
Richmond Plant
Exelon Generation
Company,
Schuylkill Station  |Electric utility 13.3 WSW | 2000 | 16.0 | 14.6 | 80.6 144 | 1.2
Exelon Generation
Company,
Southwark Plant Electric utility 10.9 SSwW 0.1 00 | 01 0.8 00 | 0.0
Philadelphia Gas
Works, Richmond
Plant Natural gas utility 2.9 SSE 0.1 10 | 1.0 | 90.2 | 36.2 | 104
Trigen, Schuylkill
Station Steam generating 10.5 WSW | 4830 | 304 | 304 | 300.0 | 31.8 | 1.2
Grays Ferry
Cogeneration
Partnership Cogeneration plant 10.5 WSW 3.9 21 | 21 | 1729 9.8 | 0.0
Kinder Morgan
Liquids Terminals,
LLC Bulk terminal 3.3 SSE 5.6 02 | 02 3.9 1.0 |29.8
ConaocoPhillips
Company,
Philadelphia Petroleum
Termina transfer/tank facility 12 WNW 0.0 0.0 | 0.0 0.0 0.0 |19.0
ExxonMobil Oil
Corporation Gasoline terminal 155 SSW 0.0 0.0 | 0.0 0.0 0.0 |68.0
Pacific Atlantic Petroleum storage
Terminals, LLC & distribution 14.8 SSwW 1.2 00 | 0.0 0.6 01 |11.0
Interstate Brands  |Bread baking
Corporation facility 104 NNE 6.8 09 | 06 | 225 6.1 |40.0
Philadelphian
Condominiums Apartment building 8.3 WSW 9.3 12 | 10 46.0 394 | 7.2
Bellevue Cogeneration plant 8.7 SSW 2.7 02 | 01 2.3 0.6 | 0.0
Park Towne Place
Apartments Apartment building 8.4 WSW 3.2 06 | 04 3.2 19 | 01
Temple University
Hospital, Episcopal
Cam Hospital 34 WSW 5.9 06 | 04 5.9 20 | 0.2
The Children’s
Hospital of
Philadelphia Hospital 10.5 WSW 7.2 16 | 10 19.1 11.7 | 1.4
Temple University,
Main Campus University 5.5 WSW | 1294 | 100 | 6.4 | 88.7 119 | 2.2
Temple University
Health Sciences
Campus Hospital sseam plant] 4.4 WSW | 1422 | 108 | 7.0 | 845 9.2 | 20
University of Education and
Pennsylvania research 10.2 WSW 0.5 05 | 05 7.5 22 | 05
Water pollution
Northeast WPCP  |control plant 2.2 SSE 4.1 12 | 1.2 4.5 17.9 | 14.6
Philadelphia Water
Department Sewage treatment
(SWIBRC) plant 17.0 Ssw 3.2 16 | 16 5.0 14.2 | 43.3
- TTTTTI———
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Distance Total

Name Site Description (km) |Direction| SO2 | PM |PM10| NO2 CO |vOC
Philadelphia Prison
System Correctiona facility| 7.0 ENE 0.6 1.1 | 05 13.7 79 | 06
Naval Foundry and
Propeller Center Naval base 15.0 SSw 0.0 57 | 44 0.6 01 | 16

U.S. coin

U.S. Mint production 7.4 SSw 0.0 00 | 01 1.8 22 | 27
Paid Steam Boiler |Philadelphia naval
Plant business center 15.1 SSw 704 | 54 | 48 | 395 48 | 0.3
Naval Surface
Warfare Center,
Carderock Div. Naval base 14.7 SSw 3.7 09 | 0.8 | 258 50 | 1.0

5.8.2 Mgjor Constituents of PM ;5 Mass

The major constituents of PM, s mass at Philadel phia were organic carbon and sulfate species
followed by nitrate and ammonium species. Using an OM/OC ratio of 1.6, organic carbon mass
contributed about 6.0 pg/m® to the average concentration measured over 2001-2003. Average
sulfate concentration over the period was about 4.7 pug/m® while average nitrate and anmonium
concentrations were 2.2 and 2.1 pg/m?® respectively. Elemental carbon, geological components,
and trace elements added about 1.7 pg/m® to the average PM, s concentration measured. Figure
5-90 compares the contributions each major specie made to the average concentration measured

at the site.
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Figure5-90 Major Constituents of PM 2.5 Mass, Philadelphia, PA
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The average reconstructed mass calculated for this site was about 0.6 percent greater than the
average gravimetric mass measured by the speciation sampler. Average reconstructed mass was
17.2 ug/m® whereas the average gravimetric mass was 16.7 pg/m°. Figure 5-91 visually
compares the average reconstructed mass with the average gravimetric mass.
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Figure 5-91 Comparison of Average Reconstructed Mass and Average Gravimetric M ass, Philadelphia, PA

5.8.3 Time Series Analysis of PM .5 Species

A Met One SASS speciation sampler was installed at the Philadelphia monitoring site in
February 2000 with a break in service as noted below. It has operated on a 1-in-3 sampling
schedule from its installation to the present time. Figure 5-92 shows a composite time series for
the five major species measured at Philadelphia. Figures 5-93 through 5-97 show time series for
each of the five mgjor species. The black line in Figures 5-93 through 5-97 is the 30-day rolling
average concentration for the specie. The 30-day rolling average is not shown during periods
when the monitor was down or did not report data for more than two consecutive sample days.
As the figures show, the Philadelphia speciation monitor was not in service from mid-June
through early September 2001.
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Figure 5-93 Sulfate Time Seriesfor the Philadelphia, PA Monitor
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Figure 5-96 Nitrate Time Seriesfor the Philadelphia, PA Monitor
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Figure 5-97 Elemental Carbon Time Seriesfor the Philadelphia, PA Monitor
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Average sulfate concentration over 2001-2003 was 4.74 pg/m® somewhat |ess than the average
concentration of 5.11 pg/m® calculated for the MARAMA Region. The average concentration in
Philadelphia was lower than the average concentration observed at most sites studied including
Elizabeth, NJ (4.81 ug/m®) to the northeast and the nearby cities of Wilmington, DE (5.24 pg/m?’)
and Washington, DC (5.44 pg/m?) to the southwest. The only monitors with lower average
sulfate concentrations were the monitorsin Dover DE, (4.65 ug/m®) and Kinston, NC (4.11
ug/m®). The break in service from June 9 through September 10, 2001 occurred during the peak
sulfate season, which may explain the somewhat lower 2001-2003 average sulfate concentration
and lower average summer sulfate concentration at this site.

The 30-day rolling average sulfate concentration in Figure 5-93 shows how sulfate varied
seasonally over the 2001-2003 period. Average sulfate concentration was lowest in winter at a
concentration of about 3.29 pg/m®. As seen elsewhere, the average summer sulfate concentration
was much higher. In Philadelphia, the average summertime sulfate concentration was 7.65
ng/m?, more than twice the winter concentration. Average spring and fall concentrations were
3.83 and 3.74 pg/m? respectively. As the time series shows, sulfate concentration is much more
variable in summer than in winter. Over 2001-2003, summer concentrations ranged from a low
of 0.8 pg/m® to a high of 30.5 pg/m®. The break in the 30-day rolling average in Figure 5-93,
during the summer of 2001, corresponds to a period when the Philadel phia speciation monitor
was not in service.

Applying an OM/OC ratio of 1.6, the average organic carbon mass over 2001-2003 was 5.96
ng/m®. This average concentration was somewhat higher than the average concentration of 5.4
pg/m? calculated for the MARAMA Region. The average concentration for Philadelphiawas
somewhat higher than the average concentration measured in Washington DC (5.70 pg/m?°),
Wilmington, DE (5.02 pg/m°), Baltimore, MD (5.82 pg/m®). The average concentration of
organic carbon mass was much higher than average concentrations measured at rural sites such
as Dover, DE (3.62 ug/m®), Arendtsville, PA (3.90 pg/m®), and Kinston, NC (4.47 pg/m?).

As Figure 5-94 shows, organic carbon mass concentration was quite variable across the years.
Individual measurements ranged from alow near 1.0 pg/m® to ahigh of 25.1 pg/m®. Average
organic carbon mass concentration was highest in summer at 7.36 pg/m® and lowest in the spring
at 4.46 pg/m®. Average fall and winter concentrations were 5.80 ug/m® and 6.22 pg/m®
respectively. The 30-day rolling average in Figure 5-94 reveals elevated concentrationsin
summer and late fall/winter and lower concentrations in spring. Additional data from future
years will help analyst explore what appears to be seasonal behavior. The data point for July 7,
2002, one of the days smoke from Canadian forest fires affected the region, was removed from
the data for Philadelphia. This data point had been flagged as aforest fire in the raw data set and
was subsequently removed. The organic carbon mass value on July 7, 2002 was 81.4 pg/m®.

The average anmonium concentration was 2.08 pg/m° over 2001-2003. This concentration was
close to the average concentration of 2.01 pg/m® observed across the MARAMA Region.
Summer had the highest average concentration at 2.85 pug/m®. Winter had the second highest
seasona average at 2.31 pg/m°. Spring and fall had average concentrations of 1.72 and 1.51
ng/m® respectively. Figure 5-95 shows how ammonium concentrations varied over time. While
the 30-day rolling average shows elevated concentrations during the two summers in the data
record, there were high values and wide variability during most seasons. Additional datais
needed to explore the seasonal behavior of ammonium at this monitoring site.
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Ammonium and sulfate concentrations were well correlated (R? = 0.81); when sulfate
concentrations were high, ammonium concentrations were usually high. Table 5-31 lists
ammonium and sulfate concentrations on days when sulfate concentration exceeded 15 pg/m®.

Table 5-31 High Ammonium and Sulfate Days for the Philadelphia, PA M onitor

Date Ammonium Concentration (ug/nr) Sulfate Concentration (ug/m°)
5/4/01 7.4 17.3
6/25/02 7.2 18.5
7/19/02 11.4 30.5
7/28/02 5.6 154
10/2/02 6.8 15.2
6/26/03 10.3 26.8
7/5/03 5.7 15.8
8/13/03 7.9 21.2
8/22/03 5.6 16.1

The average nitrate concentration over 2001-2003 was 2.25 pg/m® higher than the average
concentration of 1.76 pug/m® calculated for the MARAMA Region. The average concentration
for Philadel phia was somewhat lower than the average concentration measured in Wilmington
DE (2.48 pg/m’), where the highest average concentration in the region was measured. As
Figure 5-96 shows, nitrate measurements in Philadel phia exhibited the seasonal variation seen at
other sites. Nitrate concentrations were lowest in the summer/early fall and noticeably higher in
winter. Over 2001-2003, the average summer concentration was 1.29 pg/m® whereas the average
winter concentration was 4.19 ug/m®. In spring and fall, average nitrate concentrations were
2.08 pg/m® and 1.79 pg/m® respectively. As Figure 5-96 shows, nitrate values were much more
variable in winter than in summer.

The average elemental carbon concentration over 2001-2003 was 0.85 pg/m® somewhat more
than the average concentration of 0.75 pug/m?® calculated for the MARAMA Region. The average
concentration for Philadel phia was similar to the average concentration measured Pittsburgh, PA
(0.85 pg/m°) and somewhat higher than the average concentration measured in Baltimore, MD
(0.77 ug/m*), Washington, DC (0.73 pg/m®), and Wilmington, DE (0.78 pug/m®).

Figure 5-97 displays the time series for elemental carbon. Asthe 30-day rolling average shows,
higher concentrations occurred in the late fall and winter and occasionally at other times of year.
The elevated concentrations observed in late fall and winter were reflected in average seasond
concentrations. The highest seasonal average concentration was winter at 0.99 pg/m? followed
by fall at 0.88 pg/m>. Spring and summer had the lowest average concentrations at 0.78 and 0.76
Hg/m® respectively.

Seasonal averages for the major constituents of PM, 5 mass measured in Philadelphia, PA are
summarized in Table 5-32.

Table 5-32 Seasonal Averages for the Major Constituents of PM 5 Mass (ug/m®) for Philadelphia, PA

Organic Carbon Mass | Sulfate | Ammonium | Nitrate | Elemental Carbon
Winter 6.22 3.29 2.31 4.19 0.99
Spring 4.46 3.83 1.72 2.08 0.78
Summer 7.36 7.65 2.85 1.29 0.76
Fall 5.80 3.74 151 1.79 0.88
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5.84 Trajectory Analysis

Figure 5-98 shows CATT back trajectories for the cleanest days in the speciation record over the
period studied from January 2001 through December 2003. While even lower concentration
days can be found in the data record for Federa Reference Method monitors at the site, the
trajectories plotted in Figure 5-98 are the lowest concentration days in the speciation record over
the period studied. These “clean” days represent the five percent days with the lowest total
PM5 s mass.
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Figure 5-98 Philadelphia, PA Back Trajectoriesfor the Five Percent Cleanest Days

As Figure 5-98 shows, many “clean day” trajectories originate in the western provinces of
Canada and take very direct paths over southern Canada and the Great Lakes. They arrivein
Philadel phia after passing over northern Pennsylvania and southern New Y ork State. Other
clean day tragjectories take a direct path south from east central Canada or loop clockwise out of
Canada over the Atlantic Ocean, arriving in Philadelphia from the southeast. In contrast to
traectories associated with high concentrations, these trgjectories do not originate in high air
pollution source regions and do not remain long in or re-circulate over these regions.

Table 5-33 lists the five percent cleanest days at Philadelphia, PA and the total mass
concentration measured by the speciation monitor on that day.
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Table 5-33 Philadelphia, PA Five Percent L owest Days

Date PM 5 Mass (ug/m’)
10/7/2001 53
11/6/2001 5.0
3/18/2002 52

6/7/2002 55
8/9/2002 54
8/30/2002 4.1
9/2/2002 51
12/1/2002 55
12/25/2002 4.4
4/12/2003 4.8
6/17/2003 52
9/15/2003 4.8
10/15/2003 49
11/14/2003 4.4
12/2/2003 3.3
Average 4.9

Figure 5-99 shows back trgjectories for the dirtiest days, the five percent days with the highest
total PM25s mass. With the exception of a set of trajectories that may be associated with firesin
Mexico, most “dirty day” trajectories are trgjectories that have spent the past five days over the
continental U.S. In most cases, they are slower moving air masses than the clean day air masses.
Many dirty day trajectories move through air pollution source regions in the South, Midwest and
Ohio River Valley.
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Figure 5-99 Philadelphia, PA Back Trajectoriesfor the Five Percent Dirtiest Days
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Table 5-34 lists the five percent dirtiest days and the total mass concentration measured by the
Speciation monitor on that day.

Table 5-34 Philadelphia, PA, Five Percent Highest Days

Date PM 5 Mass (ug/m’)

3/17/2001 239

5/4/2001 42.8
6/25/2002 41.4
7/19/2002 61.9
12/7/2002 35.3
3/13/2003 41.3
6/26/2003 65.4

7/5/2003 354
8/16/2003 38.5
8/22/2003 43.6
10/9/2003 40.1
11/12/2003 37.7
12/29/2003 37.1

Average 58.4
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5.9 Pittsburgh, PA

Site Name: Lawrenceville

AIRS Number: 42-003-0008

Latitude: 40.4655 North

Longitude: -79.9611 West

Elevation: 267 meters (875 feet)

Agency Operating the Monitor: Allegheny County Health Department
Speciation Sampling Frequency: 1-in-3 days

5.9.1 Site Description

The Lawrenceville monitoring site islocated in aresidential neighborhood of Pittsburgh, PA
about 4.0 km (2.5 miles) northeast of the city’s central business district. The siteis
approximately 81 meters (264 feet) northwest of the intersection of 39" Street and Penn Avenue.
Figure 5-100 shows the monitoring site's location relative to the interstate highway system and
large population centers. As the figure shows, the closest cities to Pittsburgh are Y oungstown,
OH about 106 km (66 miles) to the northwest, Akron, OH about 68 km (110 miles) to the
northwest, and Cleveland, OH about 214 km (133 miles) to the northwest.
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Figure 5-100 L ocation of the Pittsburgh, PA Monitoring Site
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The Lawrenceville monitor is an urban scale monitor. The areaimmediately adjacent to the
monitor is residential, a neighborhood of single-family homes. Large-scale commercial facilities
along the Allegheny River are just 0.8 km (0.5 mile) away however. Heavy industry islocated in
the Monongahela River Valley south and southeast of the monitor. Large power generation and
other industrial facilities also exist along the Ohio River northwest, west, and southwest of the
monitor. Most of the metropolitan area of Pittsburgh, population 322,450, lies to the southwest
of the monitoring site. The 40™ Street Bridge, amgjor crossing over the Allegheny River, isonly
0.8 km (0.5 mile) north and west of the monitor. Interstate 279 is about 3.2 km (two miles) to
the west and Interstate 376 is about 3.2 km (two miles) to the south of the monitoring site.

Figure 5-101 shows the topographic features in the vicinity of the monitoring site. The
Allegheny County Health Department believes some high PM; 5 concentrations observed at the
Lawrenceville monitor are partialy the result of the monitor’ s location in the Allegheny River
Valley. During temperature inversions, emissions can become trapped in the river valley.

Figure 5-102 is a photograph of the roof-top site looking southwest toward downtown Pittsburgh.
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Figure 5-101 Topographic Map of the Pittsburgh, PA Monitoring Site
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Figure 5-102 Photograph of the Pittsburgh, PA Monitoring Site

The Allegheny County Health Department reports that a variety of air pollution sources are

located in the vicinity of the monitoring site. Table 5-35 lists the industries within 11 km (seven

miles) of the site.

Table 5-35 Emission Sourceswithin 11 km of the Pittsburgh, PA Monitoring Site

Facility/Sour ce Direction Distance Emissions
Pittsburgh Brewing, coal-fired SO,, HCI, HF, NH3, Pb,
boiler SSE 0.65km | PMys"

Del Monte, SO,, HCI, HF, NH3, Pb,
coal-fired boiler WSW 29km | PMyst

Gulf Oil Storage WSW 0.65km | HAPS

Shenango Coke Works WNW 10.5km | HAPS?, metals, PM 5"
Neville Chemical WNW 11km | HAPS, metals

Pressure Chemical WNW 10.9km | SO,, HCI, HF, Ph, Hexane
Bellefield Boiler, coal/oil-fired

boilers SW 25km | HAPS, metals, PM,s'

LPM, 5 emissions not known.

2HAP s an abbreviation for Hazardous Air Pollutant.
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There are seven large point sources within an 11 km (seven mile) radius of the monitoring site.
The Gulf Qil Storage and Pittsburgh Brewing facilities are the closest facilities. Both facilities
areonly 0.65 km (0.41 miles) away. With the exception of the Pittsburgh Brewing facility, all of
the facilities listed above are west of the Lawrenceville monitor.

5.9.2 Mgjor Constituents of PM ;5 Mass

The maor constituents of PM, s mass at Pittsburgh were sulfate and organic carbon species
followed by ammonium and nitrate species. Over 2001-2003, the average sulfate concentration
was about 6.0 pg/m®. Using an OM/OC ratio of 1.6, average organic carbon mass concentration
was about 5.5 pg/m®. While important constituents in PM..s, ammonium and nitrate made up a
much smaller percentage of the total measured mass concentration from 2001 to 2003. Average
ammonium concentration was 2.3 pg/m® while average nitrate concentration was 1.8 pug/m°.
Elemental carbon, geological components, and trace elements contributed about 1.9 pg/m® to the
average concentration observed over the 2001-2003 period. Figure 5-103 shows the relative
contributions the major species made to the total mass concentration measured at the site.
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Figure5-103 Major Constituents of PM s M ass, Pittsburgh, PA

The average reconstructed mass calculated for this site was very close to the average gravimetric
mass measured by the speciation sampler. The average reconstructed mass over the study period
was 17.4 ug/m®. The average gravimetric mass was 17.5 pg/m®. Figure 5-104 visually compares
the average reconstructed mass with the average gravimetric mass.
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Figure 5-104 Comparison of Average Reconstructed Mass and Average Gravimetric Mass, Pittsburgh, PA

5.9.3 Time Series Analysis of PM .5 Species

A Met One SASS speciation sampler was installed at the Pittsburgh monitoring site on June 30,
2001. With the exception of monitor downtime and three “intensives’ when the monitor
collected a sample every day, the Met One SASS has operated on a 1-in-3 sampling schedule
from its installation to the present time. Figure 5-105 shows a composite time series for the five
major species measured at Pittsburgh and Figures 5-106 through 5-10 show time series for each
of the five major species. In the time series plots for the five major species, the black lineis the
30-day rolling average concentration for the specie. The 30-day rolling average is not shown
during periods when the monitor was down or during periods when the monitor sampled
everyday.
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Figure 5-108 Ammonium Time Seriesfor the Pittsburgh, PA Monitor
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Figure 5-110 Elemental Carbon Time Seriesfor the Pittsburgh, PA Monitor
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The 30-day rolling average sulfate concentration in Figure 5-106 shows how sulfate varied
seasonally over 2001-2003 in Pittsburgh, PA. Average sulfate concentration was lowest in
winter at about 3.78 pg/m°. Average concentrations were somewhat higher during the spring and
fall at 4.73 and 5.07 pg/m®, respectively. As seen at other sites, large concentrations of sulfate
were observed during the summer months. In Pittsburgh, the average summer sulfate
concentration was about 9.60 pg/m?, the highest seasonal average concentration observed in the
region. On peak days, summer concentrations ranged as high as 25-35 pg/m®. Of the eleven
sites analyzed, Pittsburgh had the second highest sulfate concentration averaged over al seasons
(6.00 pg/m), only slightly less than the highest site, Arendtsville, PA which recorded a average
concentration for all seasons of 6.12 ug/m°. As the sulfate time series shows, sulfate
concentrations were much more variable in summer than in winter.

Organic carbon mass was the second largest contributor to total PM, 5 mass at the Pittsburgh
monitoring site. Using an OM/OC ratio of 1.6, over the course of 2001-2003, organic carbon
mass concentration averaged 5.47 ug/m°. The average summer concentration was 7.50 pg/m®
and the average winter concentration was 5.43 pg/m°. Average spring and fall concentrations
were 3.79 and 5.22 pg/m?, respectively. Organic carbon mass concentrations were quite
variable. They ranged from alow of about 0.2 to a high of 20.3 pg/m®.

The 30-day rolling average concentration shown in Figure 5-107 reveals a number of peaks and
valleys over 2001-2003. For example, a strong peak occurred during the summer of 2002
followed by atrough in mid-fall followed by a peak in late fall/early winter. A strong peak was
not observed during the summer of 2003 nor did a trough or peak occur in the fall of 2003.
Given the relatively short data record at this site, it is difficult to discern clear seasond
variability in the organic carbon mass at the Lawrenceville monitoring site. Data for additional
years will likely help identify seasonal patternsif they are present.

Over 2001-2003, the average ammonium concentration was 2.28 pg/m°. Only Wilmington, DE
(2.33 pg/m®) and Arendtsville, PA (2.36 pg/m®) had higher average anmonium concentrations in
the MARAMA Region. Figure 5108 shows how ammonium concentrations varied over time.
Summer had the highest average concentration at 3.05 pug/m® followed by winter with an average
concentration of about 2.24 pg/m® each. Average spring and fall concentrations were about 1.95
and 1.89 pg/m®. The highest 24-hour ammonium concentrations occurred in the summer
between 8 and 9 ug/m®. Some high values also occasionally occurred in the spring and fall.

Ammonium and sulfate concentrations were well correlated (R? = 0.81); when sulfate
concentrations are high, ammonium concentrations are usually high. Table 5-36 lists ammonium
and sulfate concentrations on days when sulfate concentration exceeded 15 pg/m®. The
Pittsburgh monitor recorded more high ammonium/sulfate days than other sites because the
Allegheny County Health Department ran several summer intensives when the monitor sampled
every day. The summer intensives captured more high ammonium/sulfate concentrations than
regular 1-in-3 day sampling would have recorded.
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Table 5-36 High Ammonium and Sulfate Days for the Pittsburgh, PA Monitor

Date Ammonium Concentration (ug/nr) Sulfate Concentration (ug/m°)
6/30/01 4.3 154
7/18/01 5.2 25.5
7/19/01 5.2 18.4
7/22/01 4.8 16.0
7/23/01 4.6 16.9
7/24/01 4.1 18.1
7/31/01 5.1 22.0
8/1/01 8.0 34.5
8/2/01 6.4 33.3
8/3/01 8.4 26.6
6/10/02 5.6 15.9
6/22/02 5.7 174
6/25/02 7.8 27.4

7/1/02 8.9 24.9
7/2/02 7.4 18.1
7/19/02 6.0 15.1
7/22/02 5.4 20.8
8/2/02 4.6 15.3
8/12/02 5.3 15.6
6/26/03 8.7 30.2
8/7/03 6.5 18.4

Over 2001-2003, the Pittsburgh site had approximately the same average nitrate concentration,
1.77 ug/m® as the average nitrate concentration for the entire Mid-Atlantic Region (1.76 pg/nr).
As noted in the regional analysis, nitrate concentration appears to be a function of temperature,
relative humidity, and other factors (Wittig, 2004) with lower average concentrations occurring
in the southern part of the MARAMA Region and higher average concentrations occurring in
northern areas.

As Figure 5-109 shows, nitrate measurements at Pittsburgh exhibited the strong seasonal
variation seen at other sites. Nitrate concentrations were lowest during the summer and
noticeably higher in winter. Over 2001-2003, the average summer concentration was 0.98 pg/m®
whereas the average winter concentration was 3.65 pug/m®. In spring and fall, the average nitrate
concentration was 1.64 and 1.59 pg/m® respectively. As Figure 5-109 shows, nitrate values were
much more variable in winter than in summer.

Figure 5-110 displays the time series for elemental carbon. As the plot shows, while high
concentrations were occasionally measured, overall, the elemental carbon concentration did not
vary much season-to-season. Over 2001-2003, the average elemental carbon concentration was
0.85 pg/m°. Average concentrations were highest in the summer and fall at 0.89 and 0.90 pg/m?®,
respectively and 0.79 pg/m® in the winter and spring.

Seasonal averages for the major constituents of PM, s mass measured in Pittsburgh, PA are
summarized in Table 5-37.
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Table 5-37 Seasonal Averages for the Major Constituents of PM 5 Mass (ug/m®) for Pittsburgh, PA

Organic Carbon Mass | Sulfate | Ammonium | Nitrate | Elemental Carbon
Winter 5.43 3.78 2.24 3.65 0.79
Spring 3.79 473 1.95 1.64 0.79
Summer 7.50 9.60 3.05 0.98 0.89
Fall 5.22 5.07 1.89 1.59 0.90
5.9.4 Trajectory Analysis

Figure 5-111 shows CATT back trajectories for the cleanest days in the speciation record over
the period studied from June 2001 through December 2003. While even lower concentration
days can be found in the data record for Federa Reference Method monitors at the site, the
trajectories plotted in Figure 5-111 are the lowest concentration days in the speciation record
over the period studied. These “clean” days represent the five percent days with the lowest total
PM5 s mass.

Many “clean day” trajectories move quickly over great distances from western or central Canada
or the northern states to Pittsburgh. These tracks indicate fast moving air masses probably
associated with large-scale weather systems. In contrast to trajectories associated with high
concentrations, these trajectories do not remain or re-circulate over source regions. Several clean
day trgectories pass through eastern Canada and New England or originate over the Atlantic
Ocean.
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Figure 5-111 Pittsburgh, PA, Back Trajectoriesfor the Five Percent Cleanest Days

Table 5-38 lists the five percent cleanest days at Pittsburgh, PA and the total mass concentration
measured by the speciation monitor on that day.
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Table 5-38 Pittsburgh, PA Five Percent Lowest Days

Date PM 5 Mass (ug/m)
7/29/2001 6.1
9/25/2001 59
10/7/2001 6.1
1/13/2002 6.4
4/29/2002 6.5
6/16/2002 7.0

8/6/2002 59
9/11/2002 7.0
10/29/2002 57
12/25/2002 6.5
2/17/2003 4.6
5/12/2003 4.8
5/18/2003 4.3
10/15/2003 53
12/2/2003 52

Average 5.8

Figure 5-112 shows back trajectories for the dirtiest days, the five percent days with the highest
total PM25s mass. With the exception of afew trgectories that move south from Massachusetts
along the Atlantic coast, most “dirty day” traectories are tracks of air masses that have spent the
past five days over the continental U.S. In many cases, the air circulates or re-circulates through
air pollution source regions in the Ohio River Valley.
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Figure 5-112 Pittsburgh, PA, Back Trajectoriesfor the Five Percent Dirtiest Days
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Table 5-39 lists the five percent dirtiest days and the total mass concentration measured by the
speciation monitor on that day. As Table 5-39 shows, al of the five percent dirtiest PM2 s mass
days occurred in the summer months, June through August.

Table 5-39 Pittsburgh, PA Five Percent Highest Days

Date PM 5 Mass (ug/m’)
7/18/2001 47.6
7/19/2001 39.5
7/24/2001 39.8
7/31/2001 41.2

8/1/2001 57.2
8/2/2001 60.2
8/3/2001 515
6/10/2002 39.6
6/22/2002 40.6
6/25/2002 54.7
7/1/2002 57.9
7/2/2002 48.5
7/22/2002 39.8
6/26/2003 62.1
Average 48.6
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5.10 Richmond, VA

Site Name: VA DEQ Air Monitoring Office

AIRS Number: 51-760-0020

Latitude: 37.5106 North

Longitude: -77.4983 West

Elevation: 61 meters (200 feet)

Agency Operating the Monitor: Virginia Department of Environmental Quality (DEQ), Office of
Air Quality Monitoring

Speciation Sampling Frequency: 1-in-3 days

5.10.1 Site Description

The Department of Environmental Quality’s Richmond monitor was put in service in March
2001 in southwest Richmond, VA. The monitor was taken out of service September 1, 2004
when the DEQ moved its offices to a new location in northwest Richmond. The analysis that
follows uses data from the monitor that was located at the southwest Richmond site. Figure 5-
113 shows the monitor’ s location relative to the interstate highway system and large popul ation
centers. Asthe figure shows, Norfolk, VA was about 130 km (81 miles) to the southeast,
Washington, DC about 162 km (100 miles) to the north, and the Raleigh Durham area about 225
km (140 miles) to the southwest.

SO ® s
: ',

b2 BRI ,_{_3::‘? 5

S Sy S
IP<l i

5

Figure 5-113 L ocation of the Richmond, VA Monitoring Site

Page 159



5 Site Information and Analyses
[

The DEQ’ s monitoring station in southwest Richmond was established in July 1981 as a total
suspended particulate matter (TSP) monitoring site. The origina objective of the site was to
monitor air quality in the Midlothian Turnpike corridor. The monitoring site was located on the
roof of the Office of Air Monitoring on Distributor Drive, one block north of Midlothian
Turnpike, Virginia Route 60. In the area near the monitor site, Midlothian Turnpike was a six
lane divided highway with a twenty-foot grass median.

The areaimmediately south of the monitor was very commercial in nature and was dominated by
the east-west Midlothian Turnpike corridor. Commercial establishments along the highway
included car dealerships, trucking firms, gas stations and garages, fast food restaurants, banks,
etc. South of the Midlothian Turnpike corridor, land use was residential in character. The area
northwest, north, and northeast of the monitoring site was mostly residential. Some light
commercial use properties such as gas stations, grocery stores, a hospital, etc. were also located
north of the monitor. Figure 5-114 is a detailed map showing the topographic features around
the monitoring site. Figure 5-115 is a photograph of the site.

A G ]

Richmond Monitoring Site 5%

Figure 5-114 Topographic Map of the Richmond, VA Monitoring Site

The Virginia DEQ Office of Air Quality Monitoring believes the speciation measurements made
at the southwest Richmond monitor were heavily influenced by vehicular emissions. Midlothian
Turnpike was only a block away and two trucking companies were located near the monitor.
The DEQ reports there were a variety of air pollution sourcesin the vicinity of the monitoring
site. Table 5-40 lists the sources that were located within 18 km (11 miles) of the site.
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Figure 5-115 Photograph of the Richmond, VA Monitoring Site

Table 5-40 Emission Sour ces within 18 km of the Richmond, VA Monitoring Site

Distance
Facility/Source (km) Direction Emissions

Venetian Marble 0.158 West Styrene, VOCs
Trucking Firm 0.183 West CO, NOy, PM
Midlothian Turnpike 0.198 South CO, NOy, PM
Trucking Firm 0.259 South-Southeast | CO, NOy, PM
Residential Space heating 0.274 NW, N, NE PM
Virginia Dominion Power 17.4 Southeast NOy, PM, SO,

5.10.2 Major Constituents of PM,s Mass

The major constituents of PM,s mass at Richmond were organic carbon mass and sulfate species
followed by ammonium and nitrate species. Using an OM/OC ratio of 1.6, organic carbon mass
was the largest contributor to total PM2s massin Richmond. The average organic carbon mass
concentration was 6.8 pug/m® over 2001-2003.  Average sulfate concentration was about 5.0
pg/me. Average ammonium and nitrate concentration were about 1.9 and 1.2 pg/m® respectively.
Elemental carbon, geological components, and trace elements added about 1.4 ug/m® to the
average concentration measured over the period. Figure 5-116 compares the contributions each
specie made to the average concentration measured at the site.
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Figure 5-117 Comparison of Average Reconstructed Mass and Average Gravimetric Mass, Richmond, VA
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The average reconstructed mass cal culated for this site was about 4.7 percent higher than the
average gravimetric mass measured by the speciation sampler. Average reconstructed mass was
16.2 ug/m® whereas the average gravimetric mass was 15.4 pg/m°. Figure 5-117 visually
compares the average reconstructed mass with the average gravimetric mass.

5.10.3 Time Series Analysis of PM 5 Species

A Met One SASS speciation sampler was installed at the Richmond monitoring site on March 2,
2001. It operated on a 1-in-3 sampling schedule from its installation until September 1, 2004.
Figure 5-118 shows a composite time series for the five major species measured at Richmond.
Figures 5-119 through 5-123 show time series for each of the five major species. The black line
in Figures 5-119 through 5-123 is the 30-day rolling average concentration for the specie. The
30-day rolling average is not shown during periods when the monitor was down or did not report
datafor more than two consecutive sample days.
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Figure 5-118 Time Seriesfor the Richmond, VA Monitor
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Figure 5-119 Sulfate Time Seriesfor the Richmond, VA Monitor

55

30

25 ~

20 A

15 -

10 +

° ..‘....

N\
e@)

@'\r
5

q/
@Q

O
03\59)

Q)
e@)

{
s

@"],
&

o) & o)
0&9 @\5&9 q\@)

@ﬁ

55

Figure 5-120 Organic Carbon Mass Time Seriesfor the Richmond, VA Monitor
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Figure 5-121 Ammonium Time Seriesfor the Richmond, VA Monitor
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Figure 5-122 Nitrate Time Seriesfor the Richmond, VA Monitor
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Figure 5-123 Elemental Carbon Time Seriesfor the Richmond, VA Monitor

Average sulfate concentration over 2001-2003 was 4.97 pg/m® somewhat less than the regional
average concentration of 5.11 pg/m® calculated for the MARAMA Region. The average
concentration for Richmond was about the same as the average concentration measured in
Charlotte, NC (4.96 pg/m®). The average concentration for Richmond was somewhat lower than
the average concentration for Washington, DC (5.44 ug/m®), the closest other site studied. Itis
likely that missing sulfate dataduring the summer of 2003 lowered the 2001-2003 average
sulfate concentration and the spring, summer and fall seasona average concentrations for
Richmond from what they would have been if sulfate data had been collected. Because of the
missing sulfate data, direct comparisons between average sulfate concentrations and average
sulfate concentrations at other sites should be made with caution.

The 30-day rolling average sulfate concentration in Figure 5-119 shows how sulfate varied
seasonally over 2001-2003 in Richmond. Sulfate concentrations were the lowest in winter at an
average concentration of about 3.50 ug/m®. As seen elsewhere, the average summer sulfate
concentration was much higher. In Richmond, the average summertime sulfate concentration
was 7.13 pg/n®, slightly more than twice the winter concentration. Average spring and fall
concentrations were 5.30 and 4.44 pug/m® respectively. As the time series shows, sulfate
concentration is much more variable in summer than in winter. Over 2001-2003, summer
concentrations ranged from alow of 1.5 pg/m® to a high of 24.7 pg/m®. The break in the 30-day
rolling average in Figure 5-119, from early May through mid-October 2003, corresponds to a
period when only two sulfate measurements were made. The rolling average was not cal culated
during this period.

Average organic carbon mass concentration over 2001-2003 was 6.81 ug/m°. This average
concentration was much higher than the average concentration of 5.41 pg/m® calculated for the
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MARAMA Region. The average concentration for Richmond was similar to the average
concentration measured in Elizabeth, NJ, another site that is believed to be strongly influenced
by mobile source emissions. The average concentration of organic carbon mass in Richmond
was higher than average concentrations measured in Washington, DC (5.70 pg/m°) and
Charlotte, NC (5.86 pg/m®) and much higher than the average concentrations measured at rural
sites such as Arendtsville, PA (3.90 pg/m®) and Kinston, NC (4.47 pg/m?).

The average organic carbon mass concentration in summer was about 8.40 pg/m® and the
average concentration in winter was 7.21 ug/m®. Average spring and fall concentrations were
lower at 5.19 pg/m® and 6.68 pg/m® respectively. As Figure 5-120 shows, organic carbon mass
concentration was quite variable any time of year. Concentrations ranged between alow near
zero and high near 29.1 ug/m®. The 30-day rolling average line in Figure 5-120 reveals peaksin
summer and late fall/winter and troughs in the spring. Additional data would help confirm what
appears to be seasonal behavior. The datafor July 7, 2002, the day smoke from Canadian forest
fires swept into the Mid-Atlantic Region, was removed from the data for Richmond. The
organic carbon mass value on July 7, 2002 was high (20.1 pg/m®), but less than other organic
carbon mass concentrations measured over 2001-2003.

Over 2001-2003, the average ammonium concentration was 1.89 pg/m®. This concentration was
close to the average concentration of 2.01 pg/m® calculated for the MARAMA Region. Summer
had the highest average concentration at 2.68 pg/m°. Winter and spring had similar average
concentrations at 1.73 and 1.78 pg/m?® respectively. Average ammonium concentration was
lowest in the fall at 1.37 pg/m®. Figure 5-121 shows how ammonium concentrations varied over
time. Ammonium concentration was most variable in summer when fairly high concentrations
can occur. Inthe summer of 2003, several peak ammonium concentrations were measured at
about 8 pg/n’.

Ammonium and sulfate concentrations were well correlated (R? = 0.80); when sulfate
concentrations were high, ammonium concentrations were usually high. Table 5-41 lists
ammonium and sulfate concentrations on days when sulfate concentration exceeded 15 pg/m®.

Table 5-41 High Ammonium and Sulfate Days for the Richmond, VA M onitor

Date Ammonium Concentration (ug/n) Sulfate Concentration (ug/m°)
8/8/01 5.4 24.7
7/19/02 4.2 16.4
4/30/03 5.2 15.1
6/26/03 5.8 17.5
7/20/03 8.0 ND*
8/22/03 8.1 ND*
No data

The average nitrate concentration over 2001-2003 was 1.20 pg/m® somewhat less than the
average concentration of 1.76 pg/m® calculated for the MARAMA Region. The average
concentration for Richmond was higher than the average concentration measured in Charlotte,
NC (0.94 pg/m°), and similar to the average concentration measured in Kinston, NC (1.10
pg/m°). Asnoted in the regional analysis section, the formation of solid phase (particle) nitrate
appears to be afunction of temperature, relative humidity, and UV radiation (Wittig, 2004).
Low temperatures and winter condition favor the formation of solid phase nitrate. Given this
behavior, it is not surprising that average nitrate concentrations observed in Richmond and other
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southern sites were lower than concentrations observed at more northern, colder monitoring
locations.

As Figure 5-122 shows, nitrate measurements at Richmond exhibited the seasonal variation seen
at other sites. Nitrate concentrations were low in the summer and noticeably higher in winter.
Over 2001-2003, the average summer concentration was 0.62 pg/m® whereas the average winter
concentration was 2.43 ug/m®>. In spring and fall, average nitrate concentrations were 1.10 pg/m®
and 0.98 pg/m® respectively. As Figure 5-122 shows, nitrate values were much more variable in
winter than in summer when they were consistently low.

The average elemental carbon concentration over 2001-2003 was 0.56 pug/m® somewhat less than
the regional average concentration of 0.75 pg/m® calculated for the MARAMA Region. The
average concentration for Richmond was lower, but similar to, the average concentration
measured in Charlotte, NC (0.62 pg/n).

Figure 5-123 displays the time series for elemental carbon. Over 2001-2003, elemental carbon
concentration varied in afairly narrow band centered on 0.4 to 0.5 pg/m®. As the 30-day rolling
average shows, however, higher concentrations occurred in the late fall and winter. The late
fall/winter peak was reflected in the season average concentrations. The highest seasonal
average concentration was winter at 0.75 pg/m* followed by fall at 0.59 pg/m®. Spring and
summer had the lowest average concentrations at 0.54 and 0.41 ug/m® respectively.

Table 5-42 shows the seasonal averages for the magjor constituents of PM 5 mass at the
Richmond, VA monitoring site.

Table 5-42 Seasonal Averages for the Major Constituents of PM 5 Mass (ug/m®) for Richmond, VA

Organic Carbon Mass | Sulfate | Ammonium | Nitrate | Elemental Carbon
Winter 7.21 3.50 1.73 243 0.75
Spring 5.19 5.30 1.78 1.10 0.54
Summer 8.40 7.13 2.68 0.62 0.41
Fall 6.68 4.44 1.37 0.98 0.59
5.10.4 Trajectory Analysis

Figure 5-124 shows CATT back trajectories for the cleanest days in the speciation record over
the period studied from March 2001 through December 2003. While even lower concentration
days can be found in the data record for Federa Reference Method monitors at the site, the
trajectories plotted in Figure 5-124 are the lowest concentration days in the speciation record
over the period studied. These “clean” days represent the five percent days with the lowest total
PM5 s mass.

Many “clean day” trajectories move quickly over great distances from Canada’ s western
provinces, take a circular path from Canada s eastern provinces out over the Atlantic Ocean, or
loop in off the Atlantic. In contrast to trajectories associated with high PM. 5 days, these
trgjectories do not remain for long periods over source regions or re-circulate through high
source regions. Table 5-43 lists the five percent cleanest days at Richmond and the total mass
concentration measured by the speciation monitor on that day.
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Figure 5-124 Richmond, VA Back Trajectoriesfor the Five Percent Cleanest Days

Table 5-43 Richmond, VA Five Percent Lowest Days

Date PM s Mass (ug/m’)
7/30/2001 5.8
9/25/2001 4.3
12/18/2001 5.6
4/14/2002 59
5/14/2002 5.6
10/26/2002 52
2/23/2003 5.6
4/9/2003 57
10/15/2003 4.6
11/14/2003 4.1
11/29/2003 54
12/11/2003 3.2

Average 5.1

Figure 5-125 shows back trgjectories for the dirtiest days, the five percent days with the highest
total PM2s mass. Most “dirty day” tragjectories are tracks of air masses that have spent the past
five days over the continental U.S. In many cases, the air circulates or re-circulates through air
pollution source regions in the South, Midwest, and Mid-Atlantic states.
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Figure 5-125 Richmond, VA, Back Trajectoriesfor the Five Percent Dirtiest Days

Table 5-44 lists the five percent dirtiest days and the total mass concentration measured by the
Speciation monitor on that day.

Table 5-44 Richmond, VA, Five Percent Highest Days

Date PM 5 Mass (ug/m)

6/12/2001 36.1
6/21/2001 354
7/18/2001 43.5
8/5/2001 42.3
8/8/2001 50.9
7/19/2002 31.6
8/12/2002 44.6
1/30/2003 304
6/26/2003 44.6
7/20/2003 41.2
8/22/2003 38.8
12/8/2003 31.9
Average 39.3
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5.11 Washington, DC

Site Name: McMillan Reservoir

AIRS Number: 11-001-0043

Latitude: 38.9189 North

Longitude: -77.0125 West

Elevation: 51 meters (167 feet)

Agency Operating the Monitor: District of Columbia Department of Health
Speciation Sampling Frequency: 1-in-3 days

5.11.1 Site Description

The McMillan monitoring site is located near the southeast corner of the McMillan Reservoir in
Washington, DC. The site is within the Washington Beltway about 3.2 km (2.0 miles) northeast
of the central business district in Washington. Figure 5-126 shows the monitoring site's location
relative to the interstate highway system and large population centers. The closest cities to
Washington are Baltimore, MD about 53 km (33 miles) to the northeast and Richmond, VA
about 158 km (98 miles) to the south.

Figure 5-126 L ocation of the Washington, DC Monitoring Site

A residentia neighborhood of row houses liesimmediately south of the McMillan monitor. The
compact campus of Howard University is 0.5 km (0.3 mile) to the west. A large complex made
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up of the Washington Hospital Center and the Children’s National Medical Center is about 0.8
km (0.5 miles) north of the monitor. The Glenwood and Prospect Hill cemeteries are about two
city blocks east of the monitor.

In its urban environment, the Washington monitoring site is close to many streets that produce
mobile source emissions. Bryant Street and First Street, NW, both two-lane streets, is about 80
meters (265 feet) south and east of the monitoring trailer. The monitor is about 0.3 km (0.2 mile)
west of North Capital Street, a busy four-lane, north-south artery in the city. Rhode Island
Avenue, U.S. Routes 1 and 29 in Washington, is about 0.6 km (0.4 miles) south and east of the
monitoring site. The heavily traveled New Y ork Avenue corridor and the rail yards associated
with Union Station are south and east of the monitoring site. Figure 5-127 is a detailed map
showing the urban features around the monitoring site.

='-' 'ﬁ ke 3
Source: TOpOZOHe

Figure 5-127 Topographic Map of the Washington, DC Monitoring Site

5.11.2 Major Constituents of PM,s Mass

The major constituents of PM,s mass at Washington were organic carbon and sulfate species
followed by ammonium and nitrate species. Using an OM/OC ratio of 1.6, the average organic
carbon mass concentration over 2001-2003 was 5.70 pg/m®. Average sulfate concentration was
dlightly less at about 5.44 pg/m®. While important constituents of PM 25 mass at the site,
ammonium and nitrate contributed less to total mass measured than organic carbon and sulfate
species. Average ammonium and nitrate concentrations were 2.02 pg/m® and 1.68 pg/m®
respectively. Elemental carbon, geological components, and trace elements contributed about
1.6 pg/m® to the average concentration observed at the monitoring site. Figure 5-128 shows the
contribution each specie made to the average concentration measured at McMillan Reservoir
over the study period.
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Figure 5-129 Comparison of Average Reconstructed Mass and Average Gravimetric M ass, Washington, DC

The average reconstructed mass calculated for this site was about 2.8 percent higher than the
average gravimetric mass measured by the speciation sampler. Average reconstructed mass was
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16.4 ug/m® whereas the average gravimetric mass was 16.0 pg/m®. Figure 5-129 visually
compares the average reconstructed mass with the average gravimetric mass.

5.11.3 Time Series Analysis of PM .5 Species

An Anderson RAAS-401 speciation sampler was installed at the Washington monitoring site on
March 26, 2001. It has operated on a 1-in-3 sampling schedule from its installation to the
present time. Figure 5-130 shows a composite time series for the five major species measured at
Washington. Figures 5-131 through 5-135 show time series for each of the five maor species.
The black line in Figures 5-131 through 5-135 is the 30-day rolling average concentration for the
specie. The 30-day rolling average is not shown during periods when the monitor was down or
did not report data for more than two consecutive sample days.
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Figure 5-130 Time Seriesfor the Washington, DC Monitor
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Figure 5-134 Nitrate Time Seriesfor the Washington, DC Monitor
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Figure 5-135 Elemental Carbon Time Seriesfor the Washington, DC Monitor

Average sulfate concentration over 2001-2003 was 5.44 pg/m® somewhat more than the average
concentration of 5.11 pg/m® calculated for the MARAMA Region. The average concentration
for Washington was dightly higher than the average concentration measured in Richmond, VA
(4.97 pg/m®) and Baltimore (5.13 pg/m’) the nearest other large cities.

Figure 5-131 shows how sulfate concentration varied seasonally over the 2001-2003. Sulfate
concentrations were the lowest in winter at an average concentration of about 3.14 pg/m®. As
seen elsewhere, the average summer sulfate concentration was much higher. 1n Washington, the
average summer sulfate concentration was 8.79 pg/m?, almost three times the winter
concentration. Average spring and fall concentrations were 4.74 and 4.51 ug/m® respectively.
As the time series shows, sulfate concentration was much more variable in summer than in
winter. O\S/er 2001-2003, summer concentrations ranged from alow of 1.9 pg/m® to a high of
26.6 pg/m.

Over 2001-2003, average organic carbon mass concentration was 5.70 pg/m°. This
concentration was slightly higher than the average concentration of 5.41 ug/m® calculated for the
MARAMA Region. Average organic carbon mass concentration was much less than the average
concentrations measured at Elizabeth, NJ (6.93 pg/m®) and Richmond, VA (6.81 pg/m®), two
sites believed to be strongly influenced by mobile source emissions. Washington’'s average
concentration of organic carbon mass was much higher than the average concentrations
measured at rural sites such as Arendtsville, PA (3.90 pg/m®), Dover, DE (3.62 pg/m°), and
Kinston, NC (4.47 pg/m®).

Average organic carbon mass concentration was highest in summer at about 7.56 pg/m®. Lowest
average concentration was observed in the spring at about 4.17 pg/m®. Average fall and winter
concentrations were lower at 5.49 and 5.45 pg/m® respectively. As Figure 5-132 shows, organic
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carbon mass concentration was quite variable aimost any time of year. Concentrations ranged
between alow of 0.10 pg/m® and high near 16.7 pg/m®. A 30-day rolling average line was not
calculated and plotted for the first part of the 2001-2003 period because of the large amount of
missing data during this period. Additional datafor future years would allow the investigation of
seasonal behavior at thissite. The datafor July 7, 2002, the day smoke from Canadian forest
fires was present in the Mid-Atlantic Region, was removed from the dataset for Washington.
The organic carbon mass value on this day was 29.7 ug/m®.

The average ammonium concentration was 2.02 pug/m°® over 2001-2003. This concentration was
very close to the average concentration calculated for the entire MARAMA Region. Summer
had the highest average concentration at 2.66 pg/m® followed by spring (1.99 pg/m®) winter
(1.82 ug/m?), and fall (1.60 ug/m®). Figure 5-133 shows how ammonium concentrations varied
over time. Ammonium concentration was most variable in summer when fairly high
concentrations occurred.

Ammonium and sulfate concentrations were well correlated (R? = 0.83); when sulfate
concentrations were high, ammonium concentrations were usually high. Table 5-45 lists
ammonium and sulfate concentrations on days when sulfate concentration exceeded 15 pg/n’.

Table 5-45 High Ammonium and Sulfate Days for the Washington, DC Monitor

Date Ammonium Concentration (ug/n) Sulfate Concentration (ug/m°)
6/12/01 5.1 15.6
8/5/01 3.6 154
8/8/01 6.9 25.9
6/25/02 7.5 24.0
7/19/02 6.1 22.2
6/26/03 7.9 26.6
7/5/03 4.3 16.4
8/16/03 5.5 18.2
8/22/03 5.5 18.7

The average nitrate concentration over 2001-2003 was 1.68 pg/m® slightly less than the average
concentration of 1.76 pg/m® calculated for the MARAMA Region. The average concentration
for Washington was higher than the average concentration measured in Richmond, VA (1.20
pg/m*) and Charlotte, NC (0.94 pg/m®) and higher average concentrations measured in
Philadelphia, PA (2.25 pg/m®), Elizabeth, NJ (2.27 pg/m°), and Wilmington, DE (2.48 pg/m?).
As noted in the regional analysis section, nitrate concentration appears to be a function of cold
temperature/wintertime conditions so it is not surprising that lower average concentrations were
observed at sites south of Washington and higher average concentrations were observed at sites
north of Washington.

As Figure 5-134 shows, nitrate measurements at \Washington exhibited the strong seasonal
variation seen at other sites. Nitrate concentrations were low and not very variable during the
summer and noticeably higher and more variable in winter. Over the 2001-2003 period, the
average summer concentration was 0.75 pg/m® whereas the average winter concentration was
2.99 pg/m®. In spring and fall, average nitrate concentrations were 2.01 ug/m® and 1.39 pg/m®
respectively.
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The average elemental carbon concentration over 2001-2003 was 0.73 pug/m®, very close to the
average concentration calculated for the entire MARAMA Region. The average concentration
for Washington was higher than the average concentration measured in Richmond, VA (0.56

ng/m?) and slightly below the average concentration measured in Baltimore, MD (0.77 pg/m?).

Figure 5-135 displays the time series for elemental carbon. The highest seasonal average
concentration was winter and fall at 0.84 pg/m®. Spring and summer each had the lowest
average concentrations at 0.69 and 0.66 pg/m®.

Table 5-46 shows the seasonal averages for the mgor constituents of PM, s mass for the
Washington D.C. monitoring site.

Table 5-46 Seasonal Averages for the Major Constituents of PM 5 Mass (ug/m®) for Washington, D.C.

Organic Carbon Mass | Sulfate | Ammonium | Nitrate | Elemental Carbon
Winter 5.45 3.14 1.82 2.99 0.84
Spring 4.17 4.74 1.99 2.01 0.69
Summer 7.56 8.79 2.66 0.75 0.66
Fall 5.49 451 1.60 1.39 0.76
5.11.4 Trajectory Analysis

Figure 5-136 shows CATT back trajectories for the cleanest days in the speciation record over
the period studied from April 2001 through December 2003. While even lower concentration
days can be found in the data record for Federal Reference Method monitor at the site, the
trajectories plotted in Figure 5-136 were the lowest concentration days in the speciation record
over the period studied. These “clean” days represent the five percent days with the lowest total
PM5 s mass.
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Figure 5-136 Washington, DC, Back Trajectoriesfor the Five Percent Cleanest Days
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Most “clean day” trgectories take paths from distant points in western Canada or northwestern
states to Washington. One set of clean day trajectories originates in the eastern provinces of
Canada and loops clockwise into Washington from the Atlantic Ocean. Most clean day
trajectories originate over relatively clean areas and spend only minimal time over emission rich
areas.

Table 5-47 lists the five percent cleanest days in Washington, DC and the total mass
concentration measured by the speciation monitor on that day.

Table 5-47 Washington, DC Five Percent L owest Days

Date PM 5 Mass (ug/m)

11/6/2001 5.8
12/21/2001 4.7
10/14/2002 52
10/26/2002 5.8
12/1/2002 52

1/3/2003 4.1
10/15/2003 4.2
11/14/2003 4.0
11/29/2003 52
12/2/2003 3.3
12/11/2003 4.5

Average 4.7
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Figure 5-137 Washington, DC, Back Trajectoriesfor the Five Percent Dirtiest Days

B
Page 180



5 Site Information and Analyses
B ]

Figure 5-137 shows back trajectories for the dirtiest days, the five percent days with the highest
total PM2s mass. With the exception of afew trgectories that originate in the Atlantic Ocean
and Canada, most “dirty day” trajectories are tracks that have spent the last five days over the
continental U.S. In most cases, the tragjectories circulate or re-circulate through air pollution
source regions in the Midwest and Ohio River Valley. The four traectories that originate in the
Ontario and Quebec provinces of Canada are the trgjectories for July 7, 2002. These trgjectories
capture the movement of smoke from Canadian forest fires into Washington, DC.

Table 5-48 lists the five percent dirtiest days and the total mass concentration measured by the
Speciation monitor on that day.

Table 5-48 Washington, DC, Five Percent Highest Days

Date PM 5 Mass (ug/m°)
6/12/2001 38.8
7/18/2001 35.7
8/8/2001 48.8
6/25/2002 53.3
7/4/2002 37.4
7/7/2002 40.3
7/19/2002 39.4
1/30/2003 37.2
6/26/2003 60.0
8/16/2003 35.8
8/22/2003 41.3
Average 42.5
TT—
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5.12 Wilmington, DE

Site Name: Martin Luther King Jr. Avenue (MLK)

AIRS Number: 10-003-2004

Latitude: 39.7394 North

Longitude: -75.5581 West

Elevation: 30.5 meters (100 feet)

Agency Operating the Monitor: Delaware Department of Natural Resources and Environmental
Control (DNREC), Division of Air and Waste Management (DAWM), Air Quality Management
Section (AQM), Air Surveillance

Speciation Sampling Frequency: 1-in-6 days

5.12.1 Site Description

The MLK monitoring siteis located in the urban core of Wilmington, DE. It is one of many
monitoring sites located along 1-95 corridor on the east coast. Figure 5-138 shows the
monitoring site's location relative to the interstate highway system and large population centers.
Philadelphia, PA is about 47 km (29 miles) to the northeast, Baltimore, MD is about 119 km (74
miles) to the southwest, and Harrisburg, PA is about 159 km (99 miles) to the west-northwest.

Figure 5-138 L ocation of the Wilmington, DE Monitoring Site
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Source: TopoZone

Figure 5-139 Topographic Map of the Wilmington, DE Monitoring Site

Figur e 5-140 Photogr aph of the Wilmington, DE Monitoring Site
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The monitoring site is located 350 meters (1,148 feet) north of the Christiana River and 5.6 km
(3.5 miles) west of the Delaware River. Figure 5-139 is a detailed map showing the topographic
features and urban character of the monitoring site. Figure 5-140 is a photograph of the site.

The Wilmington monitor is an urban monitor and many emission sources are nearby. The major
rail line carrying AMTRAK trains along the east coast is 35 meters (115 feet) south of the
monitoring site. 1-95, the major north-south interstate highway in the region, is about 410 meters
(1,345 feet) west of the monitoring site. Route 13, a north-south urban arterial highway is about
410 meters (1,345 feet) east. There are many urban streets nearby including heavily traveled
Martin Luther King Jr. Avenue 38 meters (125 feet) north of the monitoring station. A bus depot
is about 285 meters west-northwest of the monitoring site.

The Delaware Department of Natural Resources and Environmental Control reports there are a
variety of point sourcesin the vicinity of the monitoring site. Table 5-49 lists the emission
sources located within 4.8 km (3 miles) of the site. The largest source of primary (directly
emitted) PM2 s emissions within a 4.8 km radius of the monitor is Connectiv/Delmarva Power’s
fossil fuel fired power plant 4.6 km (2.9 miles) to the west of the monitor. Many of the emission
sources listed in Table 5-49 also emit CO, NOy, PM 1o, SO,, and VOCs.

Table 5-49 Emission Sour ces within 4.8 km of the Wilmington, DE Monitoring Site

Distance | Direction | PM,s!
Facility/Sour ce Site Description (km) (degrees) [(tons/yr)
Alfred I. Dupont Hospital for
Children Medical/surgical hospital 4.4 2 2.6
American Mineras Inc. Mineral processing/sizing 3.7 147 0.7
AMTRAK, Wilmington
Maintenance Facility Locomotive/rail car repairs| 3.2 75 0.2
Christiana Materials Hot mix asphalt plant 1.5 26 1.8
Clean Earth of New Castle |Soil remediation facility 3.2 152 6.3
Connectiv/Delmarva Power, |Electric power generation,
Christiana Station peaking station 2.0 120 ND?
Connectiv/Delmarva Power,
Edge Moor Station Electric power generation 4.6 91 521.5
Connectiv/Delmarva Power,
Hay Road Station Electric power generation 4.5 83 48.4
Connectiv/Delmarva Power, |Electric power generation,
Madison Street Station peaking station 0.8 220 ND?
Contractors Materias, LLC |Hot mix asphalt plant 1.8 161 2.3
Delaware Solid Waste Municipal solid waste
Authority, Cherry Island landfill 3.9 111 0.0
Delaware Recyclable
Products, Inc. Dry waste landfill 4.0 199 0.3
Delaware Refrigerated Srvs. |Refrigerated warehouse 3.4 154 ND?
Delaware Terminal Co. Petroleum storage 4.0 144 0.3
B
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Distance | Direction | PM,s!
Facility/Sour ce Site Description (km) (degrees) |(tonslyr)
Diamond Materials, LLC Hot mix asphalt plant 2.1 156 3.4
Dupont, Chestnut Run R&D lab 4.2 287 8.7
Dupont, Experimental
Station R& D labs/incinerator 3.9 341 36.7
Dupont, Wilmington Office
Building Office building 1.1 438 2.9
Edgemoor Materials, Inc. Hot mix asphalt plant 3.0 89 15
Industraplate Corporation  |Electroplating 1.5 173 0.0
International Petroleum
Corporation of Delaware Oil recycling facility 0.9 181 0.4
Lafarge of North America, |Gypsum wallboard
Inc. production 3.8 133 11.3
Laidlaw Corporation Metal hanger coating 3.8 152
Pharmaceutical
Noramco Inc. manufacturing 1.6 99 0.4
Pepsi Cola Beverage bottling 35 62 ND?
Hot mix asphalt batch
Pure Green Industries, Inc.  |plant 2.6 80 0.8
St. Francis Hospital Hospital 14 327 0.3
Tilcon Delaware, Terminal
Avenue Plant Hot mix asphalt plant 3.0 143 52
Veterans Administration Medica & surgica
Hospital hospital 4.0 273 0.3
Wilmington Piece Dye
Company Textile finisher 3.2 352 0.2
Wilmington Wastewater
Treatment Plant Wastewater treatment plant| 3.5 100 0.3

T Primary (directly emitted) PM, s emissions

2 No data

5.12.2 Major Constituents of PM,s Mass

The major constituents of PM s mass at Wilmington were organic carbon mass and sulfate
species followed by ammonium and nitrate species. Using an OM/OC ratio of 1.6, organic
carbon species contributed about 5.02 pg/m® to the average PM s mass concentration measured
over 2001-2003. Sulfate species contributed about 5.24 ug/m® to the average concentration
measured. Average ammonium concentration was about 2.33 ug/m® and average nitrate
concentration was 2.48 ug/m°. Elemental carbon, geological components, and trace elements
contributed about 1.7 ug/m® to the average concentration observed over 2001-2003. Figure 5-
141 compares the average concentrations of the major species measured at the site.
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The average reconstructed mass calculated for this site was 0.6 percent lower than the average
gravimetric mass measured by the speciation sampler. Average reconstructed mass was 16.8
ng/m® whereas the average gravimetric mass was 16.9 pg/m°. Figure 5-142 visually compares
the average reconstructed mass with the average gravimetric mass.

5.12.3 Time Series Analysis of PM .5 Species

A Met One SASS speciation sampler was installed at the Wilmington monitoring site on
February 14, 1999. It has operated on a 1-in-6 sampling schedule from its installation to the
present time. Figure 5-143 shows a composite time series for the five major species measured at
Wilmington. Figures 5-144 through 5-148 show time series for each of the five maor species.
The black line in Figures 5-144 through 5-148 is the 30-day rolling average concentration for the
Specie.
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Figure 5-143 Time Seriesfor the Wilmington, DE M onitor
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Figure 5-145 Organic Carbon Mass Time Seriesfor the Wilmington, DE M onitor
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Figure 5-148 Elemental Carbon Time Seriesfor the Wilmington, DE Monitor

The 30-day rolling average sulfate concentration in Figure 5-144 shows how sulfate
concentration varied seasonally over 2001-2003 in Wilmington, DE. As seen elsewhere, sulfate
showed strong season variation. Sulfate concentration was lowest in winter at an average value
of about 3.30 ug/m®. Sulfate concentrations were much higher in summer. The average
summertime sulfate concentration was about 8.28 pg/m®. Peak summer sulfate concentrations,
averaged over 24-hours, were as high as 32 pg/m®, however. As the sulfate time series shows,
sulfate concentrations were much more variable in summer than in winter.

Using an OM/OC ratio of 1.6, organic carbon mass was the second largest contributor to PM, s
mass in Wilmington. Organic carbon mass averaged 5.02 ug/m® over all seasons. Over 2001-
2003, average organic carbon concentration was highest during the winter months at 5.65 pg/m®.
Average summer concentration was similar at 5.59 pg/m®. The average fall concentration was
lower at 5.30 pg/m® and the lowest average concentration occurred in spring at 3.53 pg/m®. The
analysis of additional data collected over future years will help analysts better understand the
season behavior of organic carbon mass at this site. The exceptionally high organic carbon
concentration that occurred on July 7, 2002 during the Quebec fire event was removed from the
data set used to calculate the seasonal averages presented here.

Over 2001-2003, the average ammonium concentration in Wilmington was 2.33 ug/m®. This
was the second highest average concentration observed among the eleven monitors analyzed
behind Arendtsville, PA. Baltimore, MD and Philadel phia, PA, cities not far from Wilmington,
had average ammonium concentrations of 1.94 and 2.08 ug/m® respectively.

Figure 5-146 shows how ammonium concentrations varied over time. Summer had the highest
average concentration at 2.98 pg/m® followed by winter with an average concentration of about
2.36 pg/m°. Average spring and fall concentrations were about 2.19 and 1.77 pug/m®
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respectively. The highest ammonium values occurred in summer. Some 24-hour measurements
were as high as 11.4 ug/m®. Some high values also occasionally occurred in other seasons.

Ammonium and sulfate concentrations were well correlated (R? = 0.84); when sulfate
concentrations were high, ammonium concentrations were usually high. Table 5-50 lists
ammonium and sulfate concentrations on days when sulfate concentration exceeded 15 pg/m®.

Table 5-50 High Ammonium and Sulfate Days for the Wilmington, DE Monitor

Date Ammonium Concentration (ug/nr) Sulfate Concentration (ug/m°)
6/12/01 8.1 19.9
6/25/02 6.8 19.8
7/19/02 11.3 32.1
6/2603 11.4 31.7
8/13/03 6.1 20.1

Of the eleven sites analyzed, the Wilmington site had the highest average nitrate concentration
(2.48 ug/m*) over the 2001-2003 period. As noted in the regiona analysis, for the sites and time
period studied here, the formation of nitrate appeared to be associated with cold temperatures
and winter weather conditions. In general, lower average concentrations occurred in the
southern part of the MARAMA Region and higher average concentrations occurred in northern
areas. As Figure 5-147 shows, nitrate concentrations were lowest during the summer and
noticeably higher in winter. Over 2001-2003, the average winter concentration was 4.50 pg/m®
whereas the average summer concentration was 1.22 ug/m®. In spring and fall, the average
nitrate concentrations were 2.71 ug/m° and 1.96 pug/m’ respectively. As Figure 5-147 shows,
nitrate values were much more variable in winter than in summer.

Figure 5-148 displays the time series for elemental carbon. The plot shows that elemental carbon
concentration remained fairly constant season-to-season, at least over 2001-2003. Some high 24-
hour values occurred in the fall of 2001 and 2003 but similarly high values did not occur in the
fall of 2002. The average elemental carbon concentration over al seasons was 0.78 pg/m®,
which was similar to the average concentrations observed in other major cities in the region.
Baltimore to the southwest had an average concentration of 0.77 pg/m°. Philadelphiato the
northeast had an average elemental carbon concentration somewhat higher than Wilmington at
0.85 pg/m®. Wilmington's average elemental carbon concentration was about twice the average
concentration observed at rural sites. Arendtsville, PA and Kinston, NC had average elemental
carbon concentrations of 0.39 pg/m*and 0.36 pg/m? respectively.

Table 5-51 provides the seasonal averages for the major constituents of PM, s mass for the
Wilmington, DE monitoring site.

Table 5-51 Seasonal Averages for the Major Constituents of PM 5 Mass (ug/m°)

Organic Carbon Mass | Sulfate | Ammonium | Nitrate | Elemental Carbon
Winter 5.65 3.30 2.36 4.50 0.89
Spring 3.53 4.55 2.19 2.71 0.68
Summer 5.59 8.28 2.98 1.22 0.68
Fall 5.30 4.34 1.77 1.96 0.89
- TTT—
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5.12.4 Trajectory Analysis

Figure 5-149 shows CATT back trajectories for the cleanest days in the speciation record over
the period studied from January 2001 through December 2003. While even lower concentration
days may be found in the data record for Federal Reference Method monitors at the site, the
trajectories plotted in Figure 5-149 are the lowest concentration days in the speciation record
over the period studied. These “clean” days represent the five percent days with the lowest total
PM5 s mass.

Many “clean day” trgjectoriesin the MARAMA Region travel to the receptor site from areasin
the northern and western states or from the western provinces of Canada. In the case of the
Wilmington monitor, only one set of trajectories fits this description. Other clean day
trajectories arrive in Wilmington from the central or eastern Canadian provinces or the Atlantic
Ocean. Most clean day trajectories do not originate from or send long periods over major air
pollution source regions
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Figure 5-149 Wilmington, DE, Back Trajectoriesfor the five Percent Cleanest Days

Table 5-52 lists the five percent cleanest days at Wilmington, DE and the total mass
concentration measured by the speciation monitor on that day.

Table 5-52 Wilmington, DE Five Percent L owest Days

Date PM s Mass (ug/m’)

10/28/2001 6.2
12/15/2001 6.6
8/30/2002 55

10/11/2002 6.4
9/6/2003 55

11/29/2003 5.6

I
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Figure 5-150 shows back trajectories for the dirtiest days, the five percent days with the highest
total PM2s mass. Most “dirty day” trajectories have spent the last five days over the continental
U.S. and show westerly transport from the Midwest. The tragjectories from Canada are associated
with the July7-9, 2002 forest fire event.
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Figure 5-150 Wilmington, DE, Back Trajectoriesfor the Five Percent Dirtiest Days

Table 5-53 lists the five percent dirtiest days and the total mass concentration measured by the
Speciation monitor on that day.

Table 5-53 Wilmington, DE, Five Percent Highest Days

Date PM 5 Mass (ug/m’)
6/12/2001 54.0
6/25/2002 43.7

7/7/2002 113
7/19/2002 58.9
6/26/2003 69.1
8/13/2003 38.4
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6 Key Findingsand Future Directions

This report provides background information on the PM; 5 speciation monitoring program,
describes the PM2 s monitoring network in the Mid-Atlantic Region, and provides information
about the operation and configuration of PM, s speciation samplersin the region. To aid analysts
interested in exploring speciation data, the report presents a step-by-step guide to processing data
from the speciation program. The report compares the five major species that contribute to PM2 s
mass at eleven sites using data collected between September 10, 2001 and October 12, 2003.

The report aso provides detailed analysis of the speciated data collected at twelve monitoring
gtesin the Mid-Atlantic Region. Financial support for this report was provided by EPA Region
1. MARAMA expressesits appreciation for that financial support and for the technical
assistance it received from state and local agency staff, EPA staff, contractors, and academic
researchers.

The following paragraphs summarize the findings and recommendations of this analytical effort.
6.1 Regional Comparison of the Major Constituents of PM 5 Mass

Since 90 percent or more of the PM2 s mass measured at a monitoring site could be attributed to
five major species, these five major species were the focus of MARAMA’s analysis. Thefive
species were ammonium, elemental carbon, organic carbon mass, sulfate, and nitrate.

Given the application of an OM/OC ratio of 1.6, over the 2001-2003 period, on average, organic
carbon mass was the largest contributor to PM, s mass at seven of the eleven sites studied.
Organic carbon mass concentration averaged 5.41 pg/m® over the eleven sites studied. The
highest average concentration, 6.93 pug/m®, occurred at the Elizabeth, NJ monitoring site, asite
strongly affected by mobile source emissions and nearby industrial activity. While the Elizabeth
site produced the highest average organic carbon mass concentration over the 2001-2003 period,
Richmond was not far behind at 6.81 pg/m®. Many large urban areas, namely Baltimore,
Charlotte, Philadel phia, Pittsburgh, Washington, and Wilmington, had average organic carbon
mass concentrations between 5.0 and 6.0 pg/m°.

Therural sites at Arendtsville, PA, Dover, DE and Kinston, NC produced the lowest average
organic carbon mass averages over 2001-2003. The relatively low organic carbon mass
calculated at these sites, however, may be the result of applying too low an OM/OC ratio to the
organic carbon data from these rural monitors. Applying a higher OM/OC ratio, that represents
more “aged” (higher molecular weight) organic carbon species, would increase the concentration
of organic carbon mass estimated at these rural sites. If the expectation holds true that rural sites
exhibit higher OM/OC ratios than urban sites, applying site-specific OM/OC ratios would likely
have the effect of increasing estimated rural concentrations and reducing estimated urban
concentrations of organic carbon mass. This would decrease the disparity between estimated
urban and rural concentrations of organic carbon mass to some extent.

Over the period, sulfate was the second largest contributor to average PM,s mass and it was the
largest contributor to PM2 s mass at most sites in the summer. If the average concentrations of
sulfate and ammonium were added together, the combined specie concentration would have been
the largest contributor to PM, s mass at all sites averaged over 2001-2003. Sulfate concentration,
averaged over the eleven sites studied, was 5.11 pg/nt. The highest average concentration, 6.12
ng/m°, occurred at Arendtsville, PA. The next highest average concentration occurred in
Pittsburgh, PA (6.00 pg/m®). Average sulfate concentrations were somewhat lower in Baltimore
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(5.13 ug/m*), Washington, DC (5.44 pg/m®), and Wilmington, DE (5.24 ug/m®). Four sites,
Charlotte, NC, Dover, DE, Elizabeth, NJ, and Richmond, VA had values between 4.60 and 5.00
pg/m®. The lowest concentration, 4.11 pg/m?®, was observed at the Kinston monitoring sitein
rural southeastern North Carolina.

Ammonium concentration, averaged over the eleven sites studied, was 2.01 pg/m°. The highest
average concentrations occurred in Arendtsville, PA (2.36 pg/m®), Wilmington, DE (2.33
pg/m°), and Pittsburgh, PA (2.28 pg/m®). The lowest concentration, 1.51 pg/m® was observed at
the Kinston monitoring site in rural southeastern North Carolina. The low average concentration
of ammonium at Kinston was surprising given the monitor was located in an area of North
Carolina known for Concentrated Animal Feeding Operations (CAFOs). In general, average
ammonium concentrations varied little among the eleven monitors analyzed over 2001-2003.

Nitrate concentration, averaged over the eleven sites studied, was 1.76 ug/m°. The highest
average concentration, 2.48 pg/m®, occurred in Wilmington, DE. The lowest concentration, 0.94
ng/m°, was observed in Charlotte, NC. Relatively low values were also measured in Kinston,
NC (1.10 pg/m*) and Richmond, VA (1.20 pg/m°). For the data analyzed, nitrate concentrations
appeared correlated with wintertime conditions that favor the formation of solid phase nitrate
Species.

Elemental carbon concentration, averaged over the eleven sites studied, was 0.75 pg/m?®.
Average concentrations ranged from a high of 1.82 pg/m?® in Elizabeth, NJ to lows of 0.39 and
0.36 pg/m® at Arendtsville, PA and Kinston, NC, respectively. Arendtsville, PA and Kinston,
NC were two of the most rural sitesin the analysis. The high elemental carbon concentration at
the Elizabeth, NJ monitoring site was likely associated with the monitor’s proximity to heavy
mobile source emissions and industrial sources. The Elizabeth site produced average elemental
carbon concentrations about four to five times the average concentration of arural site and more
than twice the average concentration of other urban sites. Large urban areas such as Baltimore,
Philadel phia, Pittsburgh, Washington, DC and Wilmington exhibited average concentrations
between 0.73 and 0.85 pg/m?, about twice the concentration of the most rural sites. Elemental
carbon appeared strongly correlated with popul ation.

6.2 Seasonal Variation in the Major Constituents of PM,5 Mass

The major constituents of PM,s mass vary season to season. In the process of analyzing
seasonal variability, MARAMA followed the convention of placing June, July and August in the
summer season so all quarters are offset from calendar quarters by one month.

Averaged across the entire region, the average concentration of the five major constituents of
PM,5 mass was highest in the summer at about 18.53 pg/m®. A secondary peak in average
concentration occurred in winter at about 15.38 ug/m™. Spring and fall were characterized by
lower concentrations of 12.91 and 14.19 ug/m®, respectively.

Sulfate was an important contributor to PM» s mass regardless of season. Sulfate exhibited
strong seasonal behavior, however. It wasthe largest contribution to PM,s mass at eight sitesin
the spring and summer. Averaged regionaly, sulfate concentration peaked in summer at 7.71
ng/m® and reached its lowest level in winter at 3.34 pg/m®. Average spring and fall
concentrations were 4.48 pg/m® and 4.32 ug/m®. While summer sulfate concentration averaged
7.7 pg/m® over the entire region, summer sulfate measurements on a particular day at a particular
monitoring site reached 30 pg/m® or more. Sulfate concentrations are much more variable in
summer than at other times of the year. In summer, they appear episodic in nature.
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At an OM/OC ratio of 1.6, organic carbon mass was also an important contributor to PM2 s mass
regardless of season. It was the dominate specie at most sites in the winter and fall and was the
largest contributor to PM, s mass at some sites in summer and spring aswell. Organic carbon
mass concentrations were quite variable throughout the study period. Averaged over the region,
organic carbon mass concentration peaked during the summer at 6.65 pg/m°. A secondary
“peak” in regionally averaged organic carbon mass concentration occurred in winter at 5.85
ng/m®. Average organic carbon mass concentration was 5.15 pg/m® in the fall and at its lowest
level, 3.98 pg/m® in the spring. This seasonal pattern was often observed at specific monitoring
sites. Seasonal swings in organic carbon mass concentration probably would be even more
pronounced if seasonal, site-specific OM/OC ratios were developed for speciation monitorsin
the Mid-Atlantic Region.

Ammonium ion is amodest but important contributor to PM,5s massin all seasons. Across the
seasons, the average regional anmonium concentration was about 2.01 pg/m®. Over 2001-2003,
ammonium showed some seasonal variation. The regionally averaged ammonium concentration
was 2.58 pg/m?® in the summer, 1.58 ug/m® in the fall, 1.98 ug/m?® in the winter, and 1.87 pg/m®
in the spring. High ammonium values in the summer were episodic in nature and very often
associated with high sulfate concentrations.

Nitrate species also showed strong seasonal behavior. Unlike sulfate species and organic carbon
mass that peak during the summertime, nitrate species peaked during the winter. While an
important contributor to winter PM2 s concentrations, nitrate concentrations were relatively
modest when compared to the contributions made by organic carbon mass and sulfate species.
Averaged regionally, nitrate concentration peaked in winter at 3.37 pg/m>. Spring and fall
concentrations were 1.88 pg/m® and 1.39 ug/m® respectively. In the summer, when nitrogen
species were for the most part partitioned into the gas phase, average particulate matter nitrate
concentration was only 0.92 ug/m”.

Elemental carbon does not exhibit the strong seasonal variability seen with organic carbon mass
and nitrate and sulfate species. At most sites, this contributor to PM, s mass appeared to be
consistently present at relatively low concentration season-to-season. Increased concentrations
were often observed in late fall and/or winter.

6.3 Findings

Speciation data is valuable in understanding the nature and composition of fine particle pollution.
Without these data, devel oping effective air quality control programs for PM, s pollution would
be much more difficult. These data are critically important for air quality planning activities.
They provide basic information about what species contribute most strongly to a PM
nonattainment problem in a specific area or across an entire region. They can be used to
characterize local effects and are routinely used as input data for source apportionment analyses.
Speciation datais rich and complex however and alot of pre-processing and quality assuranceis
needed before the data can be used in analyses.

The following paragraphs summarize the major findings of this analytical effort.

Speciation data is very vauable in understanding the nature and composition of fine
particle pollution. The analysis of these data will help air quality planners develop
appropriate and effective air quality control programs for fine particle pollution.
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The speciation monitoring network is producing data that will help assess the impacts of
programs such as CAIR that are expected to reduce the concentration of PM, s precursors
between now, 2009, and thereafter.

The analysis of speciation data is complex and requires increased knowledge of the
nature and limitations of the data. State, local and regional air quality agencies will need
training and practice to reap the full benefits of these data.

Currently, a data analyst must gather information on how to process and analyze
speciation data from a wide range of sources including EPA, regional associations,
university researchers, contractors, etc.

Averaging organic carbon blanksis a viable method for blank correcting organic carbon
data from the STN/SLAMS speciation monitor network.

o0 Inthisstudy, the average organic carbon blank value, averaged across all sites and
seasons, was 1.27 ug/m®. The highest average blank value was measured at
Charlotte, NC at 1.56 pg/m®; the lowest average blank value was measured at
Baltimore, MD at 0.94 pg/m°.

0 Average organic carbon blank values varied site-to-site and season-to-season.
MARAMA applied averaged, site-specific organic blank correctionsin its
analysis. Seasonal organic carbon blank corrections were not applied.

The OM/OC ratios used to convert organic carbon measurements from the speciation
network into estimates of organic carbon mass have raised in recent years as research
scientists improve the measurement of organic carbon species in the atmosphere. Higher
OM/OC ratios increase the amount of mass attributed to organic carbon species.

0 Sensitivity analyses indicate 1.6 is a reasonable approximation of the OM/OC
ratio at many urban monitoring sitesin the MARAMA Region for the 2001-2003
period.

0 Sengitivity analyses indicate 1.9 or higher OM/OC ratios are appropriate for use at
many rural monitoring sitesin the MARAMA Region for the 2001-2003 period.

Organic carbon mass and sulfate were the largest contributors to PM,s mass at al sites
for the period from September 10, 2001 through October 12, 2003.

o0 Using an OM/OC ratio of 1.6, organic carbon mass was the largest contributor to
PM, 5 mass at seven of the eleven sites analyzed. Sulfate was the largest average
contributor to PM, 5 mass at the other four sites.

0 The average organic carbon mass concentration, averaged regionally over 2001-
2003 was 5.41 pg/m°. Average organic carbon mass levels ranged from a high of
6.93 ug/m” in Elizabeth, NJ to alow of 3.63 pg/m® in Dover, DE. At most sites,
organic carbon mass concentrations were highest in summer and lowest in the
spring.

o Empiricaly determined site-specific and/or site-specific and season-specific
OM/OC values would greatly improve estimates of organic carbon mass at
monitoring sitesin the MARAMA Region.
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0 More needs to be known about organic carbon mass, since it constitutes alarge
part of total PM2 s massin the MARAMA Region. More work is needed to
determine or better understand: which organic carbon species are present and in
what concentration, how do organic carbon mass species vary over time and
place, are the organic carbon mass species the result of anthropogenic or biogenic
emissions, and what constituents and processes are important to secondary
organic aerosol formation, etc.

Sulfate was a strong contributor to PM, s mass at all sites and was the largest contributor
to PM, 5 mass at four of the eleven sites analyzed.

0 Sulfate concentrations were highest in summer, were often episodic in nature, and
were correlated well with ammonium concentrations.

o If the average concentrations of sulfate and ammonium are added together, the
combined concentration was the largest contributor to PM,s mass at all sites
averaged over 2001-2003.

0 Theaverage sulfate concentration, averaged regionally over 2001-2003 was 5.11
ng/m°>. Average sulfate levels ranged from a high of 6.12 ug/m® in Arendtsville,
PA to alow of 4.11 ug/m® in Kinston, NC.

Nitrate species made a much smaller contribution to PM- s mass than organic carbon
mass and sulfate species. The average nitrate concentration, averaged regionally over
2001-2003 was 1.76 pg/m®. Average nitrate levels ranged from a high of 2.48 ug/m®in
Wilmington, DE to alow of 0.94 pg/m® in Charlotte, NC. Nitrate concentrations peaked
in the winter and were low in the summer. Nitrate concentrations appear linked to
winter/cold weather conditions that produce solid phase nitrate species (Wittig et al.,
2004). Lower average nitrate concentrations occurred in the southern part of the
MARAMA Region and higher average nitrate concentrations occurred in northern aress.

Ammonium species also made a much smaller contribution to PM, s mass than organic
carbon mass and sulfate species. The average ammonium concentration, averaged
regionally over 2001-2003 was 2.01 pg/m’. Average ammonium levels ranged from a
high of 2.36 pg/m® in Arendtsville, PA to alow of 1.51 pg/m® in Kinston, NC.
Ammonium concentrations were fairly uniform across the MARAMA Region. In many
cases, urban sites produced higher ammonium concentrations than rural sites.

Elemental carbon concentrations were generally small relative to other PM, s mass
constituents. Despite this, elemental carbon particles are important from a human health
perspective, since they are considered air toxins and are associated with increased risk of
cancer and other disease.

0 Theaverage elemental carbon concentration, averaged regionally over 2001-2003
was 0.75 pg/m>. Average elemental carbon levels ranged from a high of 1.82
pg/m® in Elizabeth, NJto alow of 0.36 pg/m® in Kinston, NC.

o Elemental carbon concentration was strongly correlated with population; higher
concentrations occurred in urban sites and lower concentrations in rural areas.

Over the period studied, PM, 5 concentrations often rose and fell sympathetically across
much of the MARAMA Region.

T
Page 199



6 Key Findings and Future Directions
B

Many back trgjectories for days when PM, s concentrations were low originated in
relatively “clean” areas and moved quickly over great distances from western or central
Canada or northern states to receptor sites in the MARAMA Region. In contrast to back
trajectories associated with high PM s concentrations, these “clean day” trajectories did
not remain or re-circulate over air pollution source regions.

Many back trajectories for days when PM, 5 concentrations were high were tracks of air
masses that spent the last five days over the continental U.S. In many cases, the air
circulated or re-circulated through air pollution source regions in the Midwest, Mid-
Atlantic, Northeast and South. Many “dirty day” trajectories passed through the Ohio
River Valley.

Speciation data can be used to characterize air quality at a particular site aswell asto
provide information about regional conditions.

Speciation data can be used to analyze and confirm exceptional events like forest fires
and other phenomena.

The uncertainty of many trace element measurements in the speciation program is poorly
known.

Many trace element measurements in the speciation program are below the Method
Detection Limit (MDL) of the analytical equipment used to make these measurements.

6.4 Future Directions

During the course of this analysis, numerous potential follow-up activities were identified.
MARAMA encourages EPA and other agencies to give serious consideration to the following:

Continue the speciation monitoring program in order to produce data to help understand
the sources and effects of PMs.

Develop aweb site or other forum to share information on how to process and analyze
speciation data to facilitate the use of these important data.

Provide training to help analysts and researchers access and use speciation data
expeditiously and with proper consideration of its strengths and weaknesses.

Focus increased attention organic carbon since it constitutes a large part of PM,s massin
the MARAMA Region. Conduct studies and analyses to determine:

OM/QOC ratios in urban and rural areas, especially in PM, s nonattainment areas,
Which organic carbon species are present and in what concentration,
How organic carbon mass species vary over time and place,

o O O O

Whether organic carbon mass species are the result of anthropogenic or biogenic
emissions, and

0 What constituents and processes are important to secondary organic aerosol
formation.

Update this analysis with 2004-2005 data, and include more sites to:
0 Improve comparisons between samplers on a 1-in-3 day sampling schedule and a
1-in-6 day sampling schedule,
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o Confirm regional differences, and
o Confirm seasonal patterns.

In the future, analyses could be used to track PM- 5 trends and assess the affects of air
quality control measures.

Conduct studies to assess the accuracy and precision of speciation measurements
especially trace element measurements,

Conduct studies to evaluate the analytes frequently measured beneath the minimum
detection limit. Determine whether these measurements are needed in the program. If
they are needed, determine how they can be improved. If they are not needed, suspend
collection of these data.

If trace element measurements are deemed important to source identification and/or
source apportionment analyses, develop new sampling equipment and methods that
would improve trace element measurements. New equipment and methods might
include larger sample filters, higher sample volumes, longer sampling times, etc.

Explore new ways of calculating “urban excess’ mass using data from rural speciation
monitors sited after 2003 and urban speciation monitors and by comparing data from the
rural IMPROVE network and urban speciation monitors.

Conduct analyses or studies at specific sites to examine/determine:
o Differences between ridge-top and valley floor PM, s mass constituents,

0 Whether combined animal feeding operations (CAFOs) or other animal
husbandry or agricultural activities contribute to elevated PM, s levels, or

0 How speciation data can be used in air quality forecasting.

Assess the correlation of locally determined meteorological parameters and specie
concentration to help identify sources of air pollution upwind of monitoring sites and to
support air quality forecasting. This task will require the accurate measurement of
parameters such as temperature, relative humidity, wind speed, and wind direction at a
monitoring site. The general quality and quality assurance of meteorological data
collected at monitoring sites needs to be improved. Rigorous auditing programs are
needed to ensure high quality meteorological datais collected at monitoring sites.

Since meteorological parameters change over very brief periods of time and current
Speciation measurements are made over 24-hours, install continuous speciation monitors
and accurate meteorological instrumentation at selected sites and analyze collected data
to correlate meteorological parameters with PM- s concentration. This work would help
determine the causes of high PM, 5 concentrations and aid air quality forecasters.

Analyze the meteorology and back trajectories for “non-episodic” days, days when
concentrations are neither at their highest or lowest, to better understand behavior of
PM 5 mass constituents on these days.
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Analytesin the EPA Chemical Speciation Program

AIRS

Parameter
Code Analyte Symbol Analytical M ethod
88301 Ammonium NH," lon Chromatography, Cations
88302 Sodium Na’ lon Chromatography, Cations
88303 Potassium K* lon Chromatography, Cations
88306 Nitrate" NOs* | lon Chromatography, Nitrate
88309 Nitrate (Volatile NOs*; URG samplers only)? NO;" lon Chromatography, Nitrate
88310 |Nitrate (Non-volatile NOs"; URG samplersonly)®  NOs* lon Chromatography, Nitrate
88403 Sulfate SO,* | lon Chromatography, Sulfate
88101 Particulate Matter PM; 5 Gravimetric Mass
88102 Antimony Sb EDXREF (Trace Elements)
88103 Arsenic As EDXREF (Trace Elements)
88104 Aluminum Al EDXREF (Trace Elements)
88107 Barium Ba EDXREF (Trace Elements)
88109 Bromine Br EDXREF (Trace Elements)
88110 Cadmium Cd EDXREF (Trace Elements)
88111 Calcium Ca EDXRF (Trace Elements)
88112 Chromium Cr EDXRF (Trace Elements)
88113 Cobalt Co EDXREF (Trace Elements)
88114 Copper Cu EDXREF (Trace Elements)
88115 Chlorine Cl EDXREF (Trace Elements)
88117 Cerium Ce EDXRF (Trace Elements)
88118 Cesium Cs EDXREF (Trace Elements)
88121 Europium Eu EDXREF (Trace Elements)
88124 Gallium Ga EDXREF (Trace Elements)
88126 Iron Fe EDXREF (Trace Elements)
88127 Hafnium Hf EDXREF (Trace Elements)
88128 Lead Pb EDXREF (Trace Elements)
88131 Indium In EDXREF (Trace Elements)
88132 Manganese Mn EDXREF (Trace Elements)
88133 Iridium Ir EDXREF (Trace Elements)
88134 Molybdenum Mo EDXREF (Trace Elements)
88136 Nickel Ni EDXREF (Trace Elements)
88140 Magnesium Mg EDXREF (Trace Elements)
88142 Mercury Hg EDXREF (Trace Elements)
88143 Gold Au EDXREF (Trace Elements)
88146 L anthanum La EDXREF (Trace Elements)
88147 Niobium Nb EDXREF (Trace Elements)
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Analytesin the EPA Chemical Speciation Program

AIRS

Parameter
Code Analyte Symbol Analytical M ethod
88152 Phosphorus P EDXREF (Trace Elements)
88154 Selenium Se EDXREF (Trace Elements)
88160 Tin Sn EDXREF (Trace Elements)
88161 Titanium Ti EDXREF (Trace Elements)
88162 Samarium Sm EDXREF (Trace Elements)
88163 Scandium Sc EDXREF (Trace Elements)
88164 Vanadium V EDXREF (Trace Elements)
88165 Silicon Si EDXREF (Trace Elements)
88166 Silver Ag EDXREF (Trace Elements)
88167 Zinc Zn EDXREF (Trace Elements)
88168 Strontium Sr EDXREF (Trace Elements)
88169 Sulfur S EDXREF (Trace Elements)
88170 Tantalum Ta EDXREF (Trace Elements)
88172 Terbium Tb EDXREF (Trace Elements)
88176 Rubidium Rb EDXREF (Trace Elements)
88180 Potassium K EDXREF (Trace Elements)
88183 Yttrium Y EDXREF (Trace Elements)
88184 Sodium Na EDXREF (Trace Elements)
88185 Zirconium Zr EDXREF (Trace Elements)
88186 Wolfram (Tungsten) w EDXRF (Trace Elements)
88305 Organic Carbon STN OC TOT OC/ECTOT
88307 Elemental Carbon STN EC TOT OC/EC TOT
88332 PK1 OC STN PK1 OC OC/EC TOT
88333 PK2 OC STN PK2 OC OC/EC TOT
88334 PK3 OC STN PK3 OC OC/EC TOT
88335 PK4 OC STN PK4 OC OC/EC TOT
88336 PYROLC STN PKYROLC OC/EC TOT
88320 Organic Carbon IMPROVE * IMPROVE OC/EC TOR
88321 Elemental Carbon IMPROVE® IMPROVE OC/EC TOR
88322 OH IMPROVE (High Temperature OC)* OH OC/EC TOR
88323 EH IMPROVE (High Temperature EC) * EH OC/EC TOR
88324 O1 IMPROVE* o1 OC/EC TOR
88325 02 IMPROVE? 02 OC/EC TOR
88326 03 IMPROVE? O3 OC/EC TOR
88327 04 IMPROVE* 04 OC/EC TOR
88328 OP IMPROVE" OP OC/EC TOR
88329 E1 IMPROVE® E1l OC/EC TOR
88330 E2 IMPROVE® E2 OC/EC TOR
88331 E3 IMPROVE"’ E3 OC/EC TOR
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Notes:

! Analyte 88306, nitrate ion, is reported for all samplers. For University Research Glass (URG)
samplers, 88306 is the sum of analyte 88309, volatile nitrate and analyte 88310, non-volatile
nitrate.

2 Analyte 88309 is a measure of volatile nitrate from the nylon filters used in URG samplers.

% Analyte 88310 is a measure of non-volatile nitrate from the Teflon filters used in URG
samplers.

* Analyses using IMPROV E methods are not typically performed in the speciation program
(analytes 88320 through 88331). Data has been collected for these analytes during special
studies, however.
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Appendix B: FRM Time Series, 2001-2003

Shortly after beginning the process of analyzing PM. s speciation datain the Mid-Atlantic
Region, MARAMA plotted time series of the total mass measured by PM,s FRM monitors
around the region to gain an understanding of how PM, 5 mass varies over time and space in the
MARAMA Region. Figures B-1 through B-12 reproduce these time series. Each plot coversa
calendar quarter beginning with the first quarter of 2001 and ending with the fourth quarter of
2003. Asone would expect, mass measurements made on the same day and different locations
places do not always agree. What is striking, however, is how frequently they do agree or are
similar. Asthe figures show, PM,5 FRM monitors often move in unison or sympathetically
around the region. Peaks of high concentration and troughs of low concentration are often
experienced at roughly the same time throughout the region. This highlights the regional nature
of fine particle pollution.

TableB-1 Daily PM 5 FRM Monitorsin the MARAM A Region, 2001-2003

AIRS SitelD Site Name City, State
100032004 Martin Luther King Jr. Avenue Wilmington, DE
110010041 River Terrace School Washington DC
110010043 McMillan Reservoir Washington DC
240053001 Essex Baltimore, MD
245100035 FMCA Baltimore, MD
245100040 Old Town Baltimore, MD
340390004 Elizabeth Lab Elizabeth, NJ
370630001 Durham Durham, NC
370670022 Winston-Salem Hattie Avenue Winston-Salem, NC
370810009 Greensboro EB Greenshoro, NC
371190010 Charlotte Fire Station #10 Charlotte, NC
371190041 Charlotte Garinger Charlotte, NC
371190042 Charlotte Montclaire Charlotte, NC
371830014 Raleigh Millbrook Raleigh, NC
420010001 Arendtsville Arendtsville, PA
420270100 State College State College, PA
420430401 Harrisburg Harrisburg, PA
420490003 Erie Erie, PA
420692006 Scranton Scranton, PA
420770004 Allentown Allentown, PA
420791101 Wilkes-Barre Wilkes-Barre, PA
420850100 Farrell Farrell, PA
420950025 Freemansburg Freemansburg, PA
421255001 Florence Florence, PA
421010004