The Southeastern Aerosol Research and
Characterization Network: SEARCH
publications and have been used to constrain and evaluate
local, regional, continental and global-scale atmospheric
models. The network has proven an invaluable resource on the
consequences of new, revised or looming ambient air quality
standards.

PM Regulatory Background
In July 1997 EPA revised the national ambient air quality
standards (NAAQS) for ground-level ozone and particulate
matter. EPA’s new standard for fine particulate matter (PM2.5)
3
was set at 15 micrograms per cubic meter (μg/m ) for an
3
annual average and 65 μg/m for a daily average. Analysis
of the limited data available at that time suggested that the
new PM2.5 standard would be more difficult to achieve than the
older PM10 standard and would dramatically increase the
number of PM nonattainment areas. This turned out to be the
case: as of March 2006, there would have been 51 PM10
nonattainment areas whereas by April 2006 there were 72
PM2.5 nonattainment areas, encompassing 226 counties.

New and well-proven measurement
technologies are brought together to
establish a detailed picture of air quality
in the southeastern United States.

Unlike other criteria pollutants such as ozone, fine particles are
comprised of mixtures of many compounds. Therefore, in order
to identify sources of PM2.5 and to attribute health effects to
specific components both the composition and mass of PM2.5
should be measured.

Introduction
SEARCH is a comprehensive, multi-pollutant network
addressing regulatory and scientific questions on ozone and its
precursors, PM mass and composition, mercury speciation and
deposition, wet deposition of acidity and nutrients and
atmospheric visibility. SEARCH dates to the early 1990s, when
3 rural ozone and ozone precursor sites were deployed as
part of the Southern Oxidants Study SCION network. In the
late 1990s, SEARCH expanded significantly to address
questions of PM2.5 mass, composition and health effects, and
again in the early 2000s to address atmospheric mercury. The
network evolved to provide new and better measurements; and
individual sites served as platforms for long-term investigations
of health effects and short-term research campaigns to address
key science questions (for example, particle nucleation and
photochemical mechanisms). To date, SEARCH data have
been the basis of more than 150 peer-reviewed scientific

Thus, EPA has led the states in a national monitoring program
to characterize the chemical and physical nature and
geographical distribution of PM2.5. A nationwide network
consisting of more than 1,200 PM2.5 monitoring sites is
currently in place. A small subset of these in the Chemical
Speciation Network (CSN) are devoted to compositional
measurements. EPA also sponsored eight "Supersites" across
the nation dedicated to gathering detailed information on
aerosol composition and performing sophisticated aerosol
measurements in support of methods development, source
attribution, health studies, and atmospheric process research.
Measurement activities among the Supersites, along with other
high intensity programs such as SEARCH, were coordinated
during two Eastern Supersites Programs in July 2001 and
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Expansion of the SCION network began in early 1998. As
new technologies are brought to bear they are added to
the network to increase the number of continuously
measured variables over time. At present, the suite of
measurements made at all sites includes:
1. 24-hr PM2.5 filter samples, analyzed for mass, ions (sulfate,

January 2002. SEARCH principals were involved with EPA in
the design and implementation of these programs, establishing
an ongoing dialogue to coordinate public and private sector
efforts.
Since then, EPA further revised the PM2.5 NAAQS in 2006 and
3
lowered the daily standard further to 35 μg/m . The current
NAAQS review, which began in 2007, continues to depend
on the issue of PM chemical climatology and introduced a
focus on visibility in the secondary NAAQS intended to extend
to regions beyond those covered in the Regional Haze Rule. In
this review EPA will also respond to the DC Circuit Court’s
remand of the 2006 PM2.5 standard due to its concern for an
“inadequate explanation” that the standard provided requisite
protection of health and welfare.

2.
3.
4.

In 2011 EPA continued its prior focus of understanding PM2.5
composition and health impacts with the creation of the Clean
Air Research Centers (CLARC). These centers follow on the
tradition of the Airborne Particulate Matter Research Centers,
begun in 1998. SEARCH looks forward to continuing its long
history of collaboration with researchers affiliated these and
other research centers.

5.

Inception of SEARCH
From the beginning, it was clear that collaboration among public
and private institutions could greatly accelerate the understanding
of PM2.5. Therefore, Southern Company and EPRI took the initiative
to deploy instrumentation designed to measure PM2.5 mass and
composition over a broad geographical region of the Southeast
at an accelerated pace. Building on the existing SCION
component of the Southern Oxidants Study, Southern Company
and EPRI established a highly instrumented eight-station network in
the states of AL, FL, GA and MS (Hansen et al., 2003). Figure 1
shows a map of the network.
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Figure 1. SEARCH Network. PNS retired 01/01/10. OAK retired
01/01/11.
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nitrate, ammonium), organic carbon (OC), elemental
(black) carbon (EC or BC), elements as measured by X-ray
fluorescence (XRF) and inductively coupled plasma mass
spectrometry (ICP-MS).
24-hr PMCoarse mass, ions, and XRF elements
24-hr gaseous ammonia as collected with an annular
denuder
Continuous (minute to hourly) PM2.5 mass, PM10-2.5 mass
(selected sites), OC, EC, ammonium, nitrate, and sulfate;
light scattering and light absorption
Continuous gaseous ozone, nitric oxide, nitrogen dioxide,
total oxidized nitrogen (NOy), nitric acid, carbon
monoxide, and sulfur dioxide
Continuous 10-m meteorological parameters: wind
speed, wind direction, temperature, relative humidity,
solar radiation, barometric pressure and precipitation.
Gaseous ammonia is measured continuously at three sites:
YRK, JST, and for a period of time at OAK but
subsequently BHM.
A multi-year database of daily PM2.5 samples at JST and
BHM has been analyzed for over one hundred particulate
organic compounds, including PAHs, normal and
branched hydrocarbons.
24-hr or 72-hr un-denuded hi-vol PM2.5 samples have
been collected at JST, YRK, BHM, CTR, PNS and OAK at
14
various times and analyzed for C and tracers of
anthropogenic and biogenic carbon.
Three Tekran systems for measuring. gaseous elemental
mercury, reactive gaseous mercury, and fine particulate
mercury, have been deployed for various time periods at
YRK, OLF, BHM, and, historically, JST.
A fourth Tekran system has operated at OLF and used to
establish precision, generate a continuous record (every
hour instead of every other hour), and to measure PMcoarse
(with and without PM2.5 inlets).
Weekly precipitation samples are collected at YRK, CTR,
and OAK and analyzed according to the Mercury
Deposition Network (MDN) protocol for total-Hg. Daily
MDN samples are collected at sites where Tekrans are
operating.
Wet deposition samples are collected according to
NADP NTN protocol at CTR, beginning in 2011, and
analyzed for major cations and anions.

Figure 2a. The Birmingham (BHM) site in Alabama.

SEARCH Objectives
1. To work interactively with states and to assist in:
a) meeting PM2.5 monitoring obligations and
b) gathering a data set appropriate for evaluating and
applying (as in SIP development) air quality models.
2. To provide an ambient air data set with minimal sample
adulteration and of sufficient breadth, in terms of
measured variables, geographical diversity and extent,
frequency of measurement, and duration of the
measurement campaign such that:
a) long-term spatial and temporal trends of PM, mercury,
and oxidant climatology for the region are established,
b) coarse and fine PM concentrations as well as the
gaseous, particulate and aqueous forms of mercury are
distinguished,
c) chemical constituents of PM and their physical states
will be characterized and associations among precursor
and product materials in the atmosphere are determined,
allowing hypotheses regarding pollutant sources to be
tested,
d) insights are gained into aerosol formation mechanisms,
e) differences between airborne materials in coastal vs.
inland, and rural vs. urban areas are documented, and
f) biases in measurement methods, such as use of a single
Teflon filter in the Federal Reference Method for PM2.5, will
be characterized.
3. To deploy reliable continuous methods in order to
measure and understand rapid processes governing PM2.5
and co-pollutant emissions, formation, fate, transport and
deposition.

Figure 2b. View from the Centerville shelter in Alabama.

Selected Results
An unprecedented daily PM2.5 mass and composition data set
was collected at all SEARCH sites during calendar year 1999. A
summary of these data was requested by and submitted to EPA in
late 2000. Since then there have been formal and informal data
exchanges with EPA, most recently in connection with the
Deepwater Horizon oil spill (May-August 2010). Since 1999,
filter sampling has taken place daily in Atlanta through 2008 and
in Birmingham from 2006 to 2010 and every third day at the
other seven sites, except for the July 2001 and January 2002
Supersites intensives, when daily samples were collected at all
sites. Going forward, the filter-based sampling schedule for all
sites will be daily for PM2.5 mass and XRF components, and every
third day (1 in 3 national sample schedule) for major ions ,
organic carbon (OC) and elemental carbon (EC). These data,
along with those from continuous analyzers and meteorological
instruments, are available to the public in the SEARCH archive
(http://www.atmospheric-research.com/public/index.html).
Newly validated data are added to the archive periodically.

The collection frequency (for example, daily, every third day,
every sixth day) and location of sample collection and
measurement has varied from year to year. Details of the
measurement methods and frequencies by site and time can be
provided to interested parties..
Several of the sites in Figure 1 are operated in collaboration
with state or local air monitoring networks. In addition, the
Jefferson Street site (Figure 2) is a continuing focal point for
many collaborative studies, including a major epidemiological
study in Atlanta, GA, (see EPRI publication 1021340, Aerosol
Research and Inhalation Epidemiological Study), and was one
of two sites in EPA's Phase I Supersite experiment in August
1999. Current plans call for operation of the SEARCH network
through 2015.
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3. Carbonaceous material and sulfate are the dominant

SEARCH data have provided the basis for many analyses, too
numerous to comprehensively cite here. Some representative
examples include source apportionment (Zheng et al., 2002,
2007; Kim et al., 2003; Liu et al., 2005, 2006; Ke et al.,
2008; Lee et al., 2008; Baumann et al., 2008), estimates of
how PM2.5 would respond to changes in precursor species
(Blanchard and Hidy, 2003, 2005, 2007), measurement
comparisons (Solomon et al., 2003; Lee et al., 2005; Arnold et
al., 2007; Fine et al., 2008; Soloman et al., 2008), model
evaluations (Cohan et al., 2003; Ku et al., 2003; Liu et al.,
2005, 2006; Marmur et al., 2004; Park, 2005; Zhang et al.,
2006; Bhave et al., 2007; Pun et al., 2008; Napelenok et al.,
2008) and temporal analyses (Brewer and Adlhoch, 2005;
Blanchard and Tanenbaum, 2006). Similar analyses and
syntheses are expected to continue for the foreseeable future.
Additional papers are cited on the publications list on the
SEARCH website.

components of PM2.5 (Table 1 and Figure 4).

4. While most components have decreased significantly

5.

6.

7.

Key observations to date include:
1. The annual PM2.5 standard was exceeded at two sites

2.

(BHM and JST), the daily standard was not exceeded at
any site, and there has been a decline in PM2.5 mass since
1999 at JST, BHM and OAK (Figure 3).
PM2.5 concentrations are significantly higher at urban sites
than at regionally representative rural sites. (Figure 3) This
phenomenon is largely explained by higher
concentrations of carbonaceous material (elemental
carbon and organic material) in urban areas (Table 1).

8.

along with PM2.5 mass, the relative proportions of sulfate
and carbon have also changed at some locations and not
at others (Figure 4).
Sources and types of organic carbon have a strong
seasonal dependence. For example, see Figure 5 for the
Georgia sites.
The significance of particulate nitrate and its response to
emissions reductions in the Southeast is dramatically
different in the Southeast relative to the upper Midwest
and California (Figure 6).
Data from continuous mass and speciation monitors
demonstrate the importance of real-time information for
understanding sources and processes leading to PM2.5
formation. For example local sources of ammonia have
been identified at Yorkville, GA. (Figure 7). Also, the
chemical form of sulfate can vary from sulfuric acid to
ammonium sulfate on short time scales at the Jefferson
Street site in Atlanta, GA (Figure 8).
Measurements of the various chemical forms of mercury in
power plant plumes suggest that a fraction of emitted
reactive mercury is transformed to elemental mercury
within the plume. This expands the area over which the
mercury is eventually deposited, and lowers the flux of
locally deposited mercury. This chemical reduction
process is not incorporated in current models used for
regulatory purposes. (Table 2).

Table 1. Urban-Rural PM Composition Differences for 1999-–2009 (* 2000-2009)

Urban-Rural Differences
Site Pair

PM2.5

SO4

NH4

OM

EC

NO3

MMO

Total

BHM/CTR (AL)

4.7

0.3

0.3

1.9

1.1

0.1

0.5

4.2

PNS/OLF (FL)

1.4

0.1

0.1

0.4

0.2

0.1

0.1

1.0

JST/YRK (GA)

2.4

0.2

0.1

1.6

0.8

0.1

0.2

3.0

GFP*/OAK* (MS)

-0.1

0.0

0.1

-0.5

0.1

0.1

0.1

-0.1
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Figure 3. PM2.5 annual (a) and 24-hour (b) standard levels (red lines) and design values for SEARCH sites for 3 year time periods between 1999 and
2010. The PM2.5 annual standard design values have declined from 1999-2001 to 2008-2010, and only the Atlanta (JST) and Birmingham (BHM)
urban areas (not the nearby rural areas) violate the annual standard. The JST, BHM, and Yorkville (VRK) sites violate the daily standard.
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Note: 2000-2009 data for GFP

Rural
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Figure 4. Best estimate of relative composition of PM2.5 at SEARCH sites, 1999–2010, using OM =1.8 x OC. The 1.8 factor has been found to be
most appropriate for the SEARCH region.

(F)
(M)
(M)
(F/M ?)
(Secondary F/M?)

(F)
(M)
(F)

Figure 5. Sources of primary organic carbon at two SEARCH sites in PM . F designates fossil carbon-derived. M designates modern carbon-derived.
2.5

Note the dominance of wood combustion in the cooler months and the importance of inferred secondary organic carbon in the summer. (Adapted from
Zheng et al., 2002)
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Figure 6: Predicted mean fine PM mass concentrations as functions of changes in SO4 and NO3 at fixed NH3 levels at 2007 values in (a) Detroit, MI,
(B) JST, Atlanta, GA, (C) Fresno, CA. Adapted from Blanchard 2005.
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Figure 7. Ammonia (black) and frequency of occurrence (magenta) are plotted as a function of wind direction in panel a. Ammonia peaks are seen
o
o
when the wind is blowing from about 108 and 140 . The aerial photograph in panel b, shows the site location (Ê) and the directions from the site to
large poultry-raising operations (white-roofed long, narrow buildings).
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Figure 8. 1-Minute PM2.5 sulfate and ammonium at Jefferson St. on 8/16/01. High frequency measurements not only allow the short-term variability of
PM and its components to be appreciated, but also allow inferences about the PM acidity to be made. Defining all ammonium not associated with
nitrate (not shown) as excess ammonium and then plotting the molar ratio of excess ammonium to sulfate indicates the acidity: a ratio of zero is sulfuric
acid (very acidic) and a ratio of 2 is ammonium sulfate (neutral). Raw data are shown in panel a. The ratio drops from about 2 to about 1 as a sulfate
plume (red box) passes by the site. The data plotted in panel b are corrected for the background concentrations to indicate the composition of the plume
itself. Sulfate at the leading edge of the plume appears to be primarily sulfuric acid.
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Table 2. Measured in-plume conversion rates (%) of divalent mercury (Hg2+) to elemental Hg (Hg0) during three independent sampling campaigns at
three different power plants: Crist, Bowen and Pleasant Prairie, as well as the conversion rates observed at SEARCH network site OLF, which is ~15km
removed from plant Crist.

Crist

Bowen

Pleasant Prairie

OLF (SEARCH)

FL

AL

WI

FL

~4

~ 12

44 - 54

37-74

~ 1.5 min

--

--

2-5 hrs

~ 0.9

~ 10 - 12

~ 0.6 - 16

14.6

Hg2+ Conversion
To Hg0 (%)
Plume Reaction
TimeA
Effective Stack
Distance (km)B

A) Plume reaction time is the time it took the plume from stack-exit to reach the sampler, based on 3D distance and wind speed. B) The effective stack
distance is the distance the sampler is removed from the stack exit based on the sampler’s position relative to the stack exit.

•

References
A current listing of the more than 150 peer-reviewed literature
publications derived from SEARCH data or studies performed
at network sites, is available.

•
SEARCH at a Glance
Funding
Approximately $22,000,000 from 1998 to 2010

•
Monitoring Stations
Eight original, arranged in 4 urban-rural pairs in each of GA,
AL, MS, and FL. PNS retired 1/1/10; OAK retired 1/1/11.

•

Special Studies or Network Collaborations Hosted at SEARCH
•
Aerosol Research Inhalation Epidemiological Study
(ARIES). Ongoing 10 year epidemiological study in
Atlanta (as well as several other U.S. cities) investigating
potential morbidity and mortality impacts of air pollution
using daily air quality measurements of > 200 organic
and inorganic gases and PM components.
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Assessment of Spatial Aerosol Composition in
Atlanta (ASACA) Multi-site network in and around Atlanta
investigating local variability of PM2.5 mass and
components. In operation since 2001.
Atlanta Nucleation and Characterization Experiment
(ANARChE), 2002. 4-week summer intensive campaign
headed by University of Minnesota looking into
mechanisms of photochemical particle formation and
early stages of growth.
August Mini-Intensive Gas and Aerosol Study
(AMIGAS) campaign, 2008. Six week summer intensive
campaign in Atlanta and Yorkville that investigated SOA
formation through the interaction of biogenic and
anthropogenic emissions.
Atmospheric Mercury Network (AMNet). 15+ station
network across the continental US and Canada
performing continuous measurements of atmospheric
mercury (Hg) in its 3 major forms: elemental Hg, reactive
gaseous Hg and fine particulate Hg.

•

•

•

•

•

•

Atmospheric Mercury Research Program
(MERCURY). Mercury research activities embedded in
the SEARCH network. Includes 3 AMNET sites and 5
Mercury Deposition Network Sites, plus numerous
field campaigns to elucidate sources and
transformation of atmospheric Hg.
Eastern Supersites Programs Phase 1 and Phase 2
Intensives (ESP01 and ESP02). Two additional 1 month
intensive sampling periods in July 2001 and January
2001 beyond the larger 1999 Supersite Program (see
below).
National Atmospheric Deposition Program & Mercury
Deposition Network (NADP/MDN). Long-term,
continental-scale networks measuring concentration and
deposition of acidity and nutruents (NADP, 200+ sites)
and mnercury (MDN, 80+ sites). SEARCH operates 1
NADP site (CTR) and also sponsors chemical analysis of
samples from 1 site (Georgia Station, GA). SEARCH
operates 5 MDN sites under the MERCURY program, of
which 3 (OLF, BHM and YRK) collect daily samples and
the remaining 2 (OAK and CTR) collect weekly samples.
Nucleation and Cloud Condensation Nuclei (NCCN)
Campaign, 2009. Eight week summer intensive
campaign in Atlanta investigating drivers of new particle
formation and particle composition during nucleation
Southern Oxidants Study (SOS). Multi-year study of
ozone formation in the southeastern U.S. Included
continuous measurements 3 SEARCH sites (OAK, CTR,
YRK) from 1992 through 1997, as well as intensive
campaigns in and around Atlanta, GA and Nashville,
TN.
U.S. EPA SuperSite Program (Jefferson Street, August
1999) 4-week intensive campaign that brought together a
host of continuous and discrete techniques for
characterizing PM2.5. More than 50 researchers from 27
organizations participated in intercomparisons of FRM,
new and emerging technologies.

Sponsors
• EPRI
• Southern Company
• Oglethorpe Power
• Detroit Edison
• Alabama Electric Cooperative
• Allegheny Energy
Contact Information
For more information, contact the EPRI Customer Assistance
Center at 800.313.3774 (askepri@epri.com).

Technical Contacts
Stephanie Shaw, EPRI, at 650.855.2353 (sshaw@epri.com).
John Jansen, Southern Company Services at 205.257.7698
(jjjansen@southernco.com).
Operational Details and Data Management
Eric Edgerton, ARA, at 919.522.8565
(eedgerton@atmospheric-research.com).
Web Address
www.atmospheric-research.com (follow links to SEARCH
Home Page)
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