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Abstract. A series of experiments (the Southern Oxidant andments began in 1999. Changes in anthropogenic gas and par-
Aerosol Study — SOAS) took place in central Alabama in ticle emissions between 1999 and 2013 account for the de-
June—July, 2013 as part of the broader Southern Atmosphereline in pollutant concentrations at the monitoring sites in the
Study (SAS). These projects were aimed at studying oxi-region. The data provide an opportunity to contrast SOAS re-
dant photochemistry and formation and impacts of aerosolsults with temporally and spatially variable conditions in sup-
at a detailed process level in a location where high biogenigort of the development of tests for the robustness of SOAS
organic vapor emissions interact with anthropogenic emis{indings.

sions, and the atmospheric chemistry occurs in a subtropical

climate in North America. The majority of the ground-based

experiments were located at the Southeastern Aerosol Re- )

search and Characterization (SEARCH) Centreville (CTR)® Introduction

site near Brent, Alabama, where extensive, unique aeromet-

ric measurements of trace gases and particles and meteordl: . " i . :

ogy were made beginning in the early 1990s through 2013C|I|at|on of the results of short-term flel_d campaigns with
The SEARCH network data permits a characterization Oflpng-term measurement's. Such comparisons are used t(.) es-
the temporal and spatial context of the SOAS findings. ourfimate the EXtem to Wh'Ch the resu_lts from speCIaI_studles
earlier analyses of emissions and air quality trends are ex@PPly to other times, different locations, or under different

tended through 2013 to provide a perspective for continueoaemme”.iC conditions. Short-term campaigns.for studying "."t'
decline in ambient concentrations, and the implications Ofmosphenc processes are amenable to detailed observations

these changes to regional sulfur oxide, nitrogen—ozone, an8f complex physicochemical processes. While it is imprac-

carbon chemistry. The narrative supports the SAS progranjiIcal to obtain such c_ietall over many years, long-term mea-
in terms of long-term average chemistry (chemical climatol- surements can provide basic indicators of key atmospheric

ogy) and short-term comparisons of early summer averagémd chemical processes. The Southern Oxidant and Aerosol

spatial variability across the southeastern US at high tempo—StUdy (SOAS) campaign was part of the Southern Atmo-

ral (hourly) resolution. The long-term measurements Showsphere SIUdé (SAS_) held ovgr the period of 1 June—lg July
that the SOAS experiments took place during the seconc?o13 (EPA, 2014a; UCAR, 2014). SAS encompassed sev-

wettest and coolest year in the 2000-2013 period, with Ioweleral rf‘rf]‘jor intens_ive ﬁ_EId Icar;paigns,bof V\;hiCh SO’?]‘S was
than average solar radiation. The pollution levels at cTRONE. he campaigns invoived a number of research groups

and other SEARCH sites were the lowest since full measure!” order to inform a series of coordinated research questions,

which included the following: (1) the amounts, variations,

\n important element of atmospheric science is the recon-
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and controlling processes for biogenic fluxes of organic car- % rural @ urban % suburban
bon and nitrogen, (2) aerosol composition, secondary aerosol
formation processes, associated driving factors, and impacts,
(3) aqueous-phase and cloud chemistry, (4) climate relevant
properties of biogenic aerosol, (5) oxidation processes and
oxidant concentrations, (6) cycling of reactive nitrogen com-
pounds, and (7) mercury emissions, transformation, and fate.
A key recurring theme of all the SAS research was to investi-
gate how interactions of biogenic and anthropogenic emis-
sions affect nitrogen, mercury, oxidant, and secondary or-
ganic aerosols (SOA) at the surface and aloft (e.g., Carlton
etal., 2013; Hunt, 2013; NOAA, 2013).

This paper provides a context for, and an assessment of,
the representativeness of the SOAS experimental period us-
ing long-term surface data, excluding mercury (mercury data

are avfa'lable for some sites in Atmospheric R?Searc_h an(%igure 1. Geographical locations of the SEARCH monitoring sites
Analysis (ARA) 2014), collected at the observational site at 3 the nominal region of influence for the site measurements. PNS,
Centreville (Brent), Alabama (Supplement Fig. S1), and atoak, and GFP were retired after 2009, 2010, 2012, respectively.
nearby sites of the Southeastern Aerosol Research and Charhe grey areas in the figure represent the counties corresponding
acterization (SEARCH) network (ARA, 2014; EPRI, 2013). to the urban metropolitan areas of Birmingham, Atlanta and Pen-
Our approach extends through 2013 earlier analyses of trendsacola, Florida.

(Blanchard et al., 2013a, b, ¢) ending in 2010-2011. In ad-

dition to extending the earlier relationships for annual emis-

sions with ambient concentrations of gases and particles, wair pollution since the 1960s, followed by post-1990s reduc-
add statistically significant linear relationships between am-tions in pollution (e.g., Irving, 1991; Ingram et al., 2013).
bient concentrations and emissions for 1999-2013. Also in-Climatologically, summers are warm and humid, with oc-
cluded are several new analyses and trends estimates for tlrasional thunderstorms associated with continental frontal
SOAS early summer period, including aspects of the changesystems passing through the United States. Winter condi-
in concentrations of primary pollutants compared with sec-tions are cooler, with occasional freezing and isolated snow
ondary species. We first consider the climate of the southeastr ice storms inland, but generally milder conditions along
ern United States in which the rural Centreville site (CTR) is the northern coast of the Gulf of Mexico. The region also is
located. This description is followed by a summary of pol- known for its extreme weather conditions where drought oc-
lutant emission trends in the region and a survey of the rolecurs, tornadoes develop in large convective systems in sum-
of meteorology in mediating the southeastern air chemicaimer and early fall, and tropical storms from the Atlantic
climatology. The post-1999 trends in concentrations of keyOcean and the Gulf of Mexico penetrate inland on occasion
natural and pollutant species at CTR and the region are prefe.g., Peterson et al., 2014). Extended summer periods of
sented, with consideration of contrasts between rural and urlight winds and air mass stagnation are prevalent, leading to
ban conditions, and between inland and coastal conditionsaccumulation of pollution (e.g., McNider et al., 1998). The
Finally, we discuss the long-term context and representativeregion is exposed to smoke from wild and prescribed fires,
ness of the SOAS-SAS experiments from 1 June to 15 Julyas well as intrusions of transported dust and other pollution
2013. The narrative is supported with additional tables androm North America and Africa (e.g., Hidy, 2009).

figures in the Supplement.

1.2 Long-term observations
1.1 The infrastructure and climate of the Southeast

While multiple ground-level monitoring sites were part of
The southeastern US is characterized by a warm, moist, suliSOAS, including several in central Alabama, Look Rock
tropical climate, with relatively isolated urban communities Monitoring Station in Tennessee, and Research Triangle Park
surrounded by agricultural areas and forests in hilly terrain.in North Carolina, by number the most measurements were
Anthropogenic activities in the region are known to emit made at the Centreville, Alabama SEARCH network site
volatile organic compounds (VOCs), CO, SONOy, NHs, (CTR). The SEARCH network (Fig. 1) began in 1992 with
and patrticles, including organic carbon (OC) and black (ele-three sites (CTR, Oak Grove [OAK], and Yorkville [YRK])
mental) carbon (EC) (see Appendix Table Al glossary; e.g.as part of the Southern Oxidant Study (SOS) measurigg O
SAMI, 2002; Ingram et al., 2013). The urban areas and theNOy (oxidized nitrogen species, including NONO + NO],
larger southeastern region have experienced a growth in pogHNO3, peroxyacetyl nitrate (PAN), other nitrogen oxide
ulation, transportation, and industry, resulting in increasedgases, and particulate nitratpNOs]), other trace gases,
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and meteorological variables (e.g., Chameides and Cowlingand its relative uniformity in azimuthal direction of con-
1995; SOS, 2014). The study was expanded to eight sites beentration variation. The region, represented by Alabama,
ginning in 1998 with the addition of discrete and continuous Georgia, Mississippi, and northwestern Florida, is of partic-
aerosol mass and composition instrumentation (Supplementlar interest in that relatively large quantities of natural bio-
Table S1). Selected sites, including CTR, have involved meagenic emissions occur as VOCs and as detritus from veg-
surement methods development and deployed additional inetation. CTR is approximately 80km SSW of the Birm-
strumentation over time (e.g., Solomon et al., 2003; Hanserningham, Alabama metropolitan area. The site is known to
et al., 2003, 2006; Edgerton et al., 2005; Edgerton et al.pe exposed occasionally to pollution from Birmingham,
2006, 2007; Hatch et al., 2011; Budisulistiorini et al., 2013). Tuscaloosa{ 45 km WNW), and Montgomery~ 120 km
The SEARCH sites include continuous or semi-continuousSE), along with major vehicle traffic routes and certain large
measurements of indicators of pollutant emissions, reacpoint sources in the region, including power plants, pulp
tants in the atmosphere, and products of chemistry. The baand paper mills, and metal processing (e.g., Birmingham)
sic, long-term measurements for gases, including CQy,NO indicated, for example, in Supplement Table S2. For re-
SOy, O3, HNOs, and NH;, are listed in Supplement Ta- gional gas and particle emissions, see Supplement Fig. S2
ble S1. At the Atlanta, Georgia site, Jefferson St. (JST),and the discussion in Blanchard et al., 2013c). The South-
24 h canister samples for determination of non-methane oreast also experiences a substantial amount of biomass burn-
ganic compounds (NMOC) and oxygenated volatile organicing (Wade et al., 2000; Haines et al., 2001). Overall, the
compounds (OVOC) (subsets of VOC) were obtained fromCTR aerometric conditions represent relatively low gas and
1999 to 2008. These speciated NMOC observations comaerosol concentrations typical of the rural Southeast from
plement measurements from four PAMS sites (Photochemiouisiana eastward to Georgia, and from Tennessee and the
ical Assessment Monitoring Stationktip://www.epa.gov/  Carolinas southward to the Gulf of Mexico (Blanchard et
ttn/amtic/pamsdata.htinin the Atlanta metropolitan area al., 2013a). In the Southeast, essentially all rural areas ex-
(Tucker, South DeKalb, Conyers, and Yorkville, co-located perience exposure to sustained diluted air pollution (e.g.,
with the YRK SEARCH site). The SEARCH gas and meteo- Goldan et al., 1995, 2000; SAMI, 2002). This regime of low,
rological measurements are supplemented with ambient paiannual-average regional concentrations of monitored pollu-
ticle sampling for measurement of mass concentration andants tends to approach nominal background concentrations
composition of< PMy 5 range and PNo—PMy 5, and optical ~ characteristic of the eastern North American continent, e.g.,
extinction (ambient and dry; e.g., Hansen et al., 2003, 2006gstimated for different gases and patrticles, for example, by
Edgerton et al., 2005, 2006). In addition to the long-term Seinfeld and Pandis (1998) for NOHidy and Blanchard
measurements, SEARCH has hosted a number of studig®005) for PM 5, and Lefohn et al. (2014) for £ The pres-
supporting methods development and urban epidemiologyence of anthropogenic pollution in the Southeast combined
The data have been used for understanding ambient compavith large amounts of natural biogenic emissions yields the
sition and chemistry, and a variety of analyses including charpotential for a regional air chemistry that has elevated ozone
acterization of trends (publications using SEARCH data forlevels, partially driven by isoprene from vegetation and an-
such purposes are foundtetp://www.atmosphericresearch. thropogenic NMOC (e.g., Chameides et al., 1988; Chamei-
com/studies/SEARCH.index.htinSEARCH data also have des and Cowling, 1995; Meagher et al., 1998; SOS, 2014).
been used in the evaluation of air quality models, includ-Various species are associated with the regional photochem-
ing Zhang et al. (2004), Morris et al. (2005), Marmur et istry, including sulfur oxides, reactive nitrogen, VOC and the
al. (2006, 2009), Pun and Seigneur (2008), Pun et al. (2008),secondary” pollutants, inorganic SQ(particle) pNOs, O3,
and Tesche et al. (2008). The SEARCH sites were estaband secondary organic compounds.
lished in urban—rural (or urban—suburban) pairs to repre- The Southern Oxidant Study (SOS), beginning in 1988,
sent urban-rural contrasts, and to capture the potential inis of particular interest for elucidating ozone chemistry in
fluences of inland-continental vs. marine aerometric condi-the Southeast. This study involved several years pad
tions. A number of other monitoring sites fosCNOy, and  precursor monitoring and major campaigns in Atlanta and
particulate matter are located in the region, including thosdater in Nashville, Tennessee (SOS, 2014). The SOS pro-
of IMPROVE, CSN, ASACA, and CASTNET (Table Al), vided evidence of the regional and urban character of sum-
and those data have been compared with SEARCH networkner O; concentrations, affected by precursor emissions dis-
data (e.g. Blanchard et al., 2013a). tributions, active photochemistry, and meteorological influ-
CTR is believed to be a regionally representative loca-ences. The accumulation of30On the region depends on
tion in an agricultural area surrounded by mixed deciduous-an interplay of urban plumes, elevated regional concentra-
evergreen forest including the Talladega National Forestions, and point-source plumes. SOS confirmed the hypoth-
a few kilometers to the south and west. Blanchard etesis of Chameides et al. (1988), showing the importance of
al. (2013a) have discussed the representativeness of aisoprene and the (regional) N@ensitivity of G production.
chemistry at CTR. Support for this conclusion is also in- Observation-based {Omodeling matured from the SOS ex-
cluded later in this paper based on regional aerometric datgerience, and the nature o @roduction efficiency using the

www.atmos-chem-phys.net/14/11893/2014/ Atmos. Chem. Phys., 14, 1189344 2014


http://www.epa.gov/ttn/amtic/pamsdata.html
http://www.epa.gov/ttn/amtic/pamsdata.html
http://www.atmosphericresearch.com/studies/SEARCH.index.html
http://www.atmosphericresearch.com/studies/SEARCH.index.html

11896 G. M. Hidy e al.: Chemical climatology of the southeastern United States

0O3/NO; (or O3/ NOy) ratio was proposed (e.g., Solomon et every 3 years, but its estimates have been extrapolated on
al., 2000). The role of southeastern meteorology, includingan annual basis (e.g. Xing et al., 2012; Blanchard et al.,
multiple-scale transport winds horizontally dispersing pol- 2013c). Revision and extrapolation since the 1990s have in-
lution and vertical mixing, was observed. Also of interest volved intermittent changes in emission modeling, revised
were the observations showing that winds repeatedly arisingnterpretation of emission testing, and the addition of ma-
at nightin the boundary layer potentially result in transport of jor fugitive sources such as open burning, f\Hnd bio-
0O3. The SOS experience served as the basis for characterizenic NMOC. These methodological changes are incom-
ing the long-term trends in chemical climatology of oxidants pletely documented, which makes interpretation of differ-
in the Southeast, and in part catalyzed interest in the aeros@nces difficult to follow (e.g., Xing et al., 2012; Blanchard
component of southeastern pollution. As discussed belowet al., 2013c). In any case, the NEI provides a starting point
the aerometric conditions forgaaccumulation currently re-  for interpretation of changes in ambient air chemistry in re-
main the same in the Southeast, but both urban and regionaponse to annual emission changes.
concentrations of ®and its precursors have declined since  Annual trends in the region are given in the Supplement
the mid-1990s. Recent information abous @&nd precursor  Fig. S2. Annual emissions from the states of Alabama, Geor-
chemistry is derived from the SEARCH studies (e.g., Blan-gia, Mississippi, and the 12 western counties of Florida
chard et al., 2010a, b; 2011). are adopted for comparison with ambient data (Supplement
Scientists recognized by the 1960s that secondary organiEig. S2). Analysis of the NEI data indicates that emissions
carbon (SOC) was present in atmospheric aerosols both natf essentially all anthropogenic species of interest have de-
urally and from anthropogenic VOC oxidation (e.g., Went, creased or remained nearly constant since 2000. Between
1960; O'Brien et al., 1975; Grosjean and Friedlander, 1980).1999 and 2013, S£emissions decreased by 75 % (Fig. S2a),
Regional and urban SOC in the Southeast was expected givaldOy emissions decreased by57 % (Fig. S2b), and anthro-
the presence of isoprene and terpenes as precursors, as wptigenic VOC emissions declined by32 % (Supplement
as anthropogenic >£/OCs. Lim and Turpin (2002), Zheng Fig. S2c¢). Whereas Nfemissions have remained roughly
et al. (2002, 2006), Saylor et al. (2006), Ding et al. (2008), constant during this period (13% decrease — Supplement
and Blanchard et al. (2008, 2013a) reported estimates of SO€ig. S2d), CO emissions decreased by 39% (Supplement
at SEARCH sites using different methods, all of which sug- Fig. S2e). Fine particle emissions decreased by 7 % (Supple-
gest that secondary organic carbon, SOC (vs. primary orment Fig. S2f), and primary OC and EC emissions decreased
ganic carbon, POC) is the smaller fraction of annual-averagdy 0.3% and 36 %, respectively (Fig. S2g and S2h in the
OC in the SEARCH region. Supplement).
Theories linking oxidant— chemistry with reactions
forming SOC are summarized in Seinfeld and Pandis (1998)2.2 Role of meteorology
based on hypothesized mechanisms mainly for, @dro-
carbons (especially C = C containing compounds), and smo@nce present in the atmosphere, constituents are dispersed by
chamber experiments. In the 1990s, advanced laboratory exneteorological processes and react chemically with one an-
periments showed that lower carbon-number VOCs, includ-other, with varying temperature, humidity, and oxidant lev-
ing isoprene, could produce aerosols. Hallquist et al. (2009gls. It is widely known that meteorological factors have a
reviewed the emerging homogeneous and heterogeneotsdrong influence on ambient concentrations of chemicals, in-
chemical mechanisms and caveats relating to volatility orcluding those produced in the atmosphere. This knowledge
emitted and aging aerosols. A subset of mechanisms ans imbedded in source-based air quality models that esti-
observations have linked aqueous chemical reactions (e.gmate spatial and temporal concentration distributions from
Carlton and Turpin, 2013) and organosulfates and other tracsources (e.g., Seinfeld and Pandis, 1998; McMurry et al.,
ers with SOC production (e.g., Takahama et al., 2006; Ga®004). While emissions of precursors are important, mete-
et al., 2006; Surratt et al., 2007; Froyd et al., 2010; Kleindi- orology controls a major fraction of £and SQ variabil-
enst et al., 2010; Budisulistiorini et al., 2013). Elucidation of ity in multi-spatial studies from the 1970s through the 1990s
these mechanisms is an important element of the goals of thée.g., Rao et al., 1997; Hidy, 1994). Analysis of measure-
SOAS experiments. ments shows relationships with meteorology independent of
modeling. Relevant examples for the study of meteorological
influences on secondary species include sulfate)8ad G

2 Indicators and trends in chemical climatology (e.g., Hidy, 1994; Chameides and Cowling 1995; Meagher et
al., 1998; Hidy, 2000; Blanchard et al., 2010b, 2014a). Hidy
2.1 Gas and particle emissions (1994) summarized the key 1978-1980 findings of multiple

spatial- and temporal-scale meteorology in the eastern US
The principal resource for post-2000 emissions and theirthat affect SQ and G concentrations. Rao et al. (1997) dis-
trends in the SEARCH region is EPAs National Emissions cuss the importance of synoptic-scale processes in affecting
Inventory (NEI). The NEI is formally revised and updated ground-level concentrations at temporal and spatial scales of
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1-2 days and-~ 600 km in the Southeast. The SOS investi- 12

»
2

gators describe meteorology and the multiscalel®natol- 7
ogy in the Southeast; Hidy (2000) summarized the role of < ™ -
meteorology in modulating chemistry, and Blanchard et 2 | g
al. (2010b, 2013a, b; 2014a) described pollutant species in 8 158
the light of meteorological parameters in the SEARCH re- § o I 5
gion. g 1y
The case of S@on a regional scale in the eastern US, < * &
including parts of Tennessee, Virginia and North Carolina, £ o.s§
was explored extensively in the 1980s, as reviewed by i
Hidy (1994). Using principal component analysis, Henry 0 0
(e.g. Hidy, 1994, Chapter 5) showed that meteorological fac- S s s s & S S TS S
tors, primarily light winds, temperature, and humidity, ac- Year
counted for much of the SQvariability in the eastern US B SEARCH S04 EISEARCH Rural $02 ~4~EGU 02

during 1977-1978. AS_ apart of SQS' Vu_kovich (1994, 1998)Figure 2.Mean annual S@concentrations (all SEARCH sites) and
found that meteorological factors, including temperature, hu-go, concentrations (rural SEARCH sites — CTR, OAK, YRK) com-

midity and Wil’_ldS, QCCOUﬂted for much of the variability in pared with emissions of SGrom EGUSs located in Alabama, Geor-
Oz concentrations in the Southeast based on data from 198@ia, northwest Florida, and Mississippi vs. year. Uncertainties are 1

to 1991. SOS experiments in the Atlanta, Georgia (1991-standard error of the inter-site means. EGU emissions are updated
1992) and Nashville, Tennessee areas (1994-1995, 199%pom Blanchard et al. (2013c).
confirmed the strong influence of meteorological factors, es-
pecially temperature, on daily{®naxima (e.g., Banta et al.,
2002; Frost et al., 1998; White et al., 2002). a base of agriculture and silviculture. This evolution resulted
Arecent analysis of summer rural and urban meaged@»-  in a sulfur dioxide (S@)-rich atmosphere inland from the
centrations using the Camalier et al. (2007) generalized adGulf of Mexico through the early 1990s (e.g., Irving, 1991,
ditive model (GAM) aimed to quantify statistically the im- Hidy, 1994). After this time, S@ emissions and ambient
pact of meteorology on ©formation in recent years (Blan- concentrations declined dramatically, both regionally and in
chard et al., 2010b). The results indicated that meteorologeities such as Birmingham and Atlanta. A regional decline af-
ical factors accounted for 70 % of the variability in daily  ter 2000 is shown for S©emissions and for annual-average
peak 8h @ concentrations over the 1999-2007 time frame.ambient SQ and SQ concentrations in Fig. 2 (see also
Application of this method to 2002-2011 data from multi- Figs. S2a and S3 in the Supplement). Regional ambient SO
ple sites confirmed this influence (Blanchard et al., 2013b,concentrations follow the emissions throughout this period,
2014a). Temperature and relative humidity (RH) were theand are consistent with emissions and ambient concentration
strongest factors influencing highs@oncentrations (solar changes over a longer period of time documented in other
radiation correlated with RH and was a factor when RH wasstudies (e.g., pre-1990s, Irving, 1991; post-1990, Xing et al.,
excluded). Other meteorological factors potentially impor- 2012). SQ emissions from electric generating units (EGUS)
tant to G concentrations include light winds or, alternatively, represented 76 % of total SGemissions, on average, be-
transport distances <200 km, signifying air mass stagnatioriween 1999 and 2013. S@racks the S@ emission reduc-
with slow moving synoptic weather systems over the South-tions (Supplement Fig. S2a). Statistically significant linear

east. relations between annual $@missions and ambient SO
and SQ concentrations are indicated in Table 1. The,SO
2.3 Ambient concentration trends intercept is not statistically significant, while the statistically

significant SQ intercept is~ 1 pg nT 3. We identify the SQ
A conventional chemical climatology uses certain “macro” intercept with a continental background similar to that found
indicators for representing ambient chemistry at the groundo the west at this latitude (e.g. Hidy and Blanchard, 2005).
(SG, NOy, NMOC, CO, @, and particle mass and compo-  Seasonal averages of $@re included in Fig. S3. An ex-
nent concentration). The following discussion of these chem-ample of seasonally averaged changes fog &hown in
ical indicators extends beyond 1999-2010 to 2013 the recerfig. 3 relative to changes in organic and elemental carbon
downward trends in ambient concentration trends analyses fOC and EC). The concentrations of $i@ CTR reach max-

Blanchard et al. (2013b). ima in summer and minima in winter over a 15-year period,
with a decline in seasonal amplitude after 2007. This is con-
2.3.1 Sulfur oxides sistent with the known sulfur oxidation chemistry involving

temperature, oxidant production, and elevated moisture con-
Historically, the evolution of atmospheric conditions in the tent in summer. The seasonal amplitude ingS®greater
Southeast involved major urban expansion superimposed othan that of the carbon components, which correlate during
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Table 1.Linear regression trends models relating 1996-2013 annual average ambient concentrations (ppbv fgr, BiQ;NIMOC, and

O3; Mg m3 for SOy, SO, EC, OC) to annual, regiorfathemical emissions (MMTy‘rl). Statistically significant g < 0.05) results are
indicated by bold-face value$.

Model N Variance p value p value
(years) ) (slope) (intercept)
BHM CO=281.10 @ 12.87)*(CO emissions) — 75.3&(71.56) 13 0.783 <0.0001 0.315
BHM CO = 80.00 (& 10.96)*(CO emissionf§+ 123.45 ¢ 35.21) 13 0.829 <0.0001 0.005
CTR CO=11.06 & 4.28)*(CO emissions} 105.83 ¢ 25.83) 18 0.295 0.0199 0.0008
CTR CO= 10.80 (& 4.11)*(CO emissiorfy+ 133.23 ( 15.25) 18 0.302 0.0182  <0.0001
Rural SQ = 4.109 & 0.195)*(SQ emissions) — 0.4554 0.239) 18 0.965 <0.0001 0.075
Rural SQ = 2.102 @ 0.158)*(SGQ emissionsi 1.061 ¢ 0.181) 15 0.932 <0.0001 <0.0001
Network SQ = 2.052 @ 0.153)*(SG emissionsy 1.157 ¢-0.175) 15 0.933 <0.0001  <0.0001
Rural NO, = 3.170 ¢ 0. 313)* (NGO, emissionsi- 0. 113 ¢-0.432) 18 0.865 <0.0001 0.797
Rural NG, = 1.178 & 0.306)*(NOx emissionsi 0.015 @ 0.392) 15 0.533 0.002 0.969
JST NMOC= 3144.9 & 523.2)*(VOC emissiort§ — 37.2 (- 44.8) 11 0.801 0.0002 0.428
Rural O3 = 10.093 & 1.868)* (NO, emissions)}t 36.978 & 2.582) 18 0.646 <0.0001 <0.0001
Rural O3 = 19.667 (& 5.259)*(VOC emissions}- 28.652 - 5.880) 18 0.466 0.0018 0.0002
Rural EC= 21.937 & 4.434)*(EC emissions) — 0.171#(0.143) 16 0.636 0.0002 0.251
Rural EC= 23.381 (£ 5.539)*(EC emissiorfy—+ 0.125 ¢+ 0.098) 16 0.560 0.0009 0.222
Rural OC= 13.177 & 34.212)*(OC emissions) 1.227 @ 4.227) 16 0.010 0.706 0.776
Rural OC= 209.55 (£ 39.99)*(OC emissiorfy+ 1.133 (- 0.337) 16 0.662 0.0001 0.005
BHM EC = 87.79 (& 14.031)*(EC emissions) — 1.162-0.448) 15 0.751 <0.0001 0.022
BHM EC = 95.073 ¢ 17.163)*(EC emissiory — 0.013 (& 0.303) 15 0.702 <0.0001 0.967
BHM OC = 3.584 (+ 77.580)*(OC emissions) 3.641 ¢ 9.579) 15 0.013 0.964 0.710
BHM OC = 501.45 @& 75.16)*(OC emissiorf§+ 0.018 & 0.627) 15 0.774 <0.0001 0.977

2 Total annual emissions from Alabama, Georgia, Mississippi, and northwest Florida covering 1996—2013 (including emissions from biomass burning but
excluding emissions from vegetation and soils).

b The p value is a measure of statistical significance, defined as the probability of obtaining a nonzero result as large (small) or larger (smaller) than observed
under the null hypothesis (i.e., when the true parameter value is zero).

¢ Georgia on-road mobile source VOC emissions.

d Mobile-source emissions.

the last 3 years. Unlike SQwhich almost always peaks in erage values by season for the period 1999-2000 is shown
summer (Q3), mean EC and OC concentrations do not shovn Fig. 4. The comparison between XRF and WSSO4 in this

a consistent peak season, varying from spring (Q2) to fallurban area suggests small differences between the measures,
(Q4) quarters. A consistent minimum occurs in winter (Q1), in the range of-6 to +4 % of total sulfur as NIS, depending
except for 2009. The OC concentration tends to rise in springon season. The months with the highest apparent contribu-
(Q2) with isoprene and terpene emissions and temperaturdion were May through September. If the differencing is an

dependent reactions potentially involving $@ut the con-  indicator of NIS, its S fraction in particles is small relative
tinued OC and EC increase into summer (Q3) is inconsistento inorganic sulfate, even in summer. Given the uncertainty
from year to year, sometimes occurring in the fall. in sampling and measurement expected from a differencing

The presence of organic sulfur compounds is hypotheti-method (see also Supplement Table S3), the presence of NIS
cally a factor in SOC formation as postulated, for example,is not definitive for detecting small mass fractions of NIS in
by Surratt et al. (2007). An upper estimate can be made oparticles; however, the mass of organic sulfur particles would
the mass of sulfur bound in such compounds through differ-be a larger fraction of OC than of sulfate.
encing methods. It is known from historic studies (e.g., No- Recent studies of SOC formation from biogenic NMOC
vakov, 1972; Hoffman et al., 1980) that particle S can includesuggest that condensed material is facilitated with acid nu-
species other than SGas acid, ammonium, or other salts. clei (e.g., Hallquist et al., 2009). Since $@ a major con-
The fraction of non-(inorganic) sulfate (NIS) component cantributor to particle acidity, the degree of @eutralization
be estimated by comparing sulfur measured by X-ray fluo-can be used as a qualitative surrogate for apparent acidity.
rescence (XRF) and the water-soluble component (WSSO4The acidity in particles at rural Southeast locations, includ-
measured by ion chromatography. This difference could reing CTR, and its relation to OC, was investigated several
flect NIS compounds such as sulfite salts, methane sulfonatgears ago. Tanner et al. (2009) found no unambiguous ev-
or other organosulfur compounds, including isoprene-relateddence of acid-catalyzed SOC formation from intercompar-
sulfate esters. A comparison of the Atlanta (JST) daily av-ison of filter-based S@and OC under varying conditions.
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Figure 3. Mean seasonal concentrations of S@C, and EC at )
CTR. Seasons are by calendar month (1) December—February, (2)8,;
March—May, (3) June—August, (4) September—November. Vertical % 1 1
divisions are calendar year between Q4 and Q1. OC and EC tend toZ s 5

track one another and the trends are downward at approximately the ° %
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same annual rate, while SO4 shows a sharper decrease until 2008. Sample Date Sample Date

h A . - 5
OC tends to have winter minima, but OC maxima vary between Q Figure 5. Daily molar ratio of {{NHy] — [NO]} / {[SO 4]} (sulfate

and Q4. neutralization) a(a) BHM, (b) CTR, (c) JST,(d) YRK, (€) GFP,
and(f) OLF. The ratios decreased by 0.01-0.03 unitsly¢statis-
tically significant at all sitesp < 0.0001) and averaged 1.5 (GFP,
OAK) to 1.8 (JST, YRK) over the study period. A seasonal variation
in the ratio is seen especially at CTR from 2001 to 2007, where the
ratio is reduced in summer relative to winter.
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{INH4] - [NO3]} / [SO4]
&

1.05

Ratio

(NH4)2SOy and NH{HSO, (e.g., letovicite), both in urban
055 and rural locations. Even though the average sulfate neu-
tralization is equivalent to letovicite, there are excursions in
oe daily values of neutralization ranging from ammonium sul-
fate and bisulfate to (rarely) sulfuric acid. Analysis of the
Jn Feb  Mar A May dn  Ju A Sep Ot Nov Dec data by year from 2000 to 2013 (Fig. 5) suggests that acidic
Month SOy neutralization has not changed appreciably over this pe-
T PRUISOSTRES ~= R SO4/PCM S04 =+~ PCM SO8SXRES riod. Since neutralization has not changed, but sulfate con-
Figure 4. Comparison of the US federal reference method (FRM) centrations have declined, the hydrogen ion concentrations
SOy, FRM X-ray fluorescence S (multiplied by 3 to represeng 5O associated with SPwould have decreased. This trend sug-
and ARA-SEARCH sampler (PCM1) SOThe data are from JST, gests that acid-promoted reactions of biogenic NMOC could
1999 and 2000 (19-54 days per monthly mean). The PCM1 samplebe present but have potentially changed withy $@ncentra-
is configured with a denuder to remove S&nhd thereby reduce or  tions unless other nucleophiles act as reactants (as indicated
eliminate positive artifacts, wh_ereas the FRM sampler is not. FRMj experiments of Nguyen et al., 2013).
SO4 measurements at other sites and during other years were too
limited for comparison{ < 4 values per month except at BHM,
wheren = 8-11 values during 6 months). XRF S measurements ar
made on FRM filters.

e2.3.2 Nitrogen oxides, NMOC, and ozone

The nitrogen oxides and VOC are important elements of
the oxidant photochemistry cycle in the troposphere and are
However, the Lin et al. (2013) plume study of chemistry in components involved in aerosol particle chemistry. Because
high vs. low S@Q and NH; conditions indicated a small en- of its importance, @ and its precursors have been studied
hancement in isoprene epoxydiol (IEPOX)-related tracers inextensively in the Southeast in major programs, including
high SG conditions. the SOS campaign in the Atlanta, Georgia and Nashville,
Analysis of the SEARCH particle data, including lH Tennessee areas in the 1990s (e.g. Meagher et al., 1998).
SO, and pNOg, indicates that, stoichiometrically, sulfate The urban—rural contrasts forzQproduction and atmo-
can be interpreted, on average, as a mixture that lies betweespheric transport were investigated under thep@ecursor
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Figure 6. Mean rural NQ and NG, concentrations at the three rural Figure 7. Mean annual NMOC concentrations at JST and emissions
SEARCH sites (CTR, OAK, YRK) and emissions of N@om alll of VOC from on-road maobile exhaust within Georgia vs. year. Un-
emission sources located in Alabama, Georgia, northwest Floridagertainties are 1 standard error of the inter-site means. The 1998
and Mississippi vs. year. Uncertainties are 1 standard error of thdNMOC measurements were made from August through Decem-
inter-site means. Emissions are derived from the NEIs and are upber. Emissions are updated from the NEIs, and from Blanchard et
dated from Blanchard et al. (2013c). al. (2013c).

conditions at that time. The SEARCH urban—rural site pairshave an extra-regional “offset” of about 120 ppbv apparently
are analogous to the 1994-1995 Nashville study, coverassociated with a regional or larger continental background.
ing similar regional conditions inland, but distinctly differ- Such a “background” was not found for $@r NQ,. This
ent along the Gulf Coast. Thus, the Nashville study, com-is supported by the linear model for ambient CO and emis-
bined with longer-term SOS measurements, yields insightions in Table 1, where the CTR relationship has an intercept
into oxidant chemistry for 1990s conditions, with highey O of ~ 100 ppbv; the Birmingham data (BHM) show a strong
and precursor concentrations than those seen since 2000 iacal total CO emissions relationship without a statistically
the SEARCH region. NO and NChave been measured at significant intercept.
SEARCH sites since 1992; Nhas been measured at some  Emissions of VOC are indicated in Supplement Fig. S2c;
SEARCH sites since 1992 and at all sites since 2002. NMOQhe anthropogenic component is superimposed on a large nat
was measured at JST through 2008 and is supplemented hyral component such that the decline in anthropogenic VOC
the PAMS observations, including from the non-urban siteemissions is a small increment of the total. Decreases in ru-
at YRK. The sources of nitrogen oxides are mainly combus-ral ambient NMOC are not well documented, but the urban—
tion from transportation, EGUs, and to a lesser extent, in-non-urban contrast is established with the PAMS and At-
dustrial, commercial, and residential sources. Anthropogenidanta (JST) data. The annual averages of 24 h average NMOC
VOC emissions, including NMOC, deriving from transporta- at JST are shown with Georgia motor vehicle emissions in
tion, industrial, and commercial sources, are superimposedrig. 7. The decline in urban NMOC is similar to the on-road
as a small fraction on a much larger regional emissions com¥YOC emissions reduction — as expected from a principally
ponent of natural sources (see Supplement Fig. S2c). In Tadrban source; motor vehicles, NMOC trends, and OH reac-
ble 1, linear regression models indicate statistically signifi-tivity are discussed, for example, in Blanchard et al. (2010a).
cant responses of ambient jl@nd NMOC concentrations Evaluation of trends in NMOC at JST indicates that mean
to decreasing N@and (anthropogenic) VOC emissions, re- concentrations of anthropogenic species decreased between
spectively, without statistically significant intercepts. 1999 and 2007; however, the average OH reactivity of the
The SEARCH regional annual NGmissions are shown NMOCs decreased less, if at all. One of the important con-
along with rural annual-average NQconcentrations in tributors to the JST OH reactivity was isoprene, and in sum-
Fig. 6. Reductions in ambient NQevels tracked the N©  mer at the non-urban Yorkville and Conyers sites, where it
emission reductions between 2000 and 2013. The trends igontributed half of the estimated reactivity (Blanchard et al.,
CO emissions for transportation (Supplement Fig. S2e) hav@010a). The dominant NMOC in the oxidant cycle at CTR is
a similar pattern to NQemissions (Fig. S2b in the Supple- isoprene.
ment). Ambient CO concentrations have decreased at both In the absence of long-term NMOC data at CTR, we rely
urban and rural sites in the SEARCH region, with statisti- on the PAMS data in the Atlanta area for potential qualita-
cally significant linear relationships to CO emissions (Tabletive indications of ambient NMOC characteristics or trends.
1). Blanchard et al (2013b) showed that CO concentrationsThe contrasting speciated NMOC data in summer from the
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Figur.e 8. Mean Summer.(June.—A-ugust) concentrations Of NMOC Figure 9. Mean peak 8h @ at rural SEARCH sites during the
species at four PAMS sites within the Atlanta metl’opolltan area.months of March through October Compared with anthropogenic
South DeKalb and Tucker are urban sites; YRK is considered anNO, and VOC emissions in Alabama, Georgia, Mississippi, and
“upWind" non-urban Siter while Conyers is a suburban (Semi'rural) northwest Florida. The 2012-2013 N@missions were estimated

“downwind” site. (Note: 2012 only July data are available; 2013 peginning in 2011 using the 2011 and 2012-2013 CEMS data for
only YRK July data are available). EGU emissions.

PAMS sites in Atlanta and the site at YRK indicate the mag-
nitudes of the decreases in species concentrations with diwf decreasing NQand (anthropogenic) VOC emissions are
tance from the urban area. The YRK concentrations are exshown in Table 1. The ©decrease is less thana 1:1 propor-
pected to be similar to those at CTR, with CTR possibly ex-tionality with the precursor emission reductions, as indicated
hibiting still lower anthropogenic species concentrations rel-by the presence of intercept terms that are a large fraction of
ative to a nominally similar level of natural NMOC. Trends ambient Q concentrations. The intercepts ©f29-37 ppbv
in the summer PAMS data (Fig. 8) are considered for se-are similar to background levels projected for the Southeast
lected species having measurements that appear robust (fewy Lefohn et al. (2014). The £proportionality with its pre-
values below detection limits; no obvious extreme outliers).cursors would not necessarily be expected due to the non-
These species include the anthropogenic groups,efC¢  linear photochemistry involved, but given the substantial re-
compounds, aromatics such as benzene, toluene, ethyl beduction in precursor emissions, a relatively small change in
zene, and xylenes (BTEX), pentanes, and isoprene (represzone of about 1% yr! has been observed.
senting biogenic species). The concentrations of BTEX have Rural NG, (NOy—NC, a photochemical reaction prod-
decreased over the years at the Atlanta urban sites but naict indicator) concentrations have tended to level out since
at the non-urban sites (YRK and Conyers). Mean urban pen2005, as indicated in Fig. 6, parallelings @oncentrations.
tane concentrations began to decrease in 2004, followed byhe linear NQ relationship with NQ emissions is statis-
a 3-year increase in 2007. The concentrations of the anthratically significant (Table 1) with a variance higher than for
pogenic groups are substantially lower at YRK, about 60 kmother gases, and without a statistically significant intercept.
WNW *“upwind” from Atlanta, while isoprene tends to be Ozone concentrations vary with meteorological conditions,
larger in concentration away from the city and increasingwhich need to be accounted for in long-term averages. Ca-
slightly by year. The reason for this seasonal increase in isomalier et al. (2007) have developed a statistical approach
prene concentration has not been explained but could be r§éGAM) employing meteorological variables to adjust mean
lated to changes in biogenic emissions and chemistry in resummer @ concentrations locally and regionally, which has
sponse to decreasingg@oncentrations (e.g., Sharkey et al., been adopted by EPA for inspectings @ends (e.g. EPA,
2008) since they do not appear to be consistent with change®013). We have extended the GAM method to use air qual-
in T and RH (e.g., Supplement Fig. S13 for a 6-week periodity variables as well to improve the model fog ©oncentra-
in early summer). tions in the SEARCH region (Blanchard et al., 2014a). Evi-
Ozone (with NQ and NQ) can be used as an indicator dence from JST compared with YRK indicates that Atlanta
of the oxidation state of the air. Average 8 h maximum O has frequent periods of NMOC-sensitivg @rmation, but
concentrations in the SEARCH region have declined alongthe regional @ formation continues to be N@sensitive as
with decreasing emissions of its precursorsN@d NMOC  found earlier in the SOS studies, including the Atlanta and
(e.g., Fig. 9 and Fig. S2 in the Supplement). Linear regresNashville areas (e.g., Blanchard et al., 2010b; Chameides et
sion results for decreasings@oncentrations as a function al., 1988; Chameides and Cowling, 1995) (Meagher et al.,
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1998 considered urban Nashville in transition betweegNO 1 0.06
and NMOC-sensitive). 09 H

Evidence for Q as an oxidant indicator derives from com- 08 7 0.05
paring diurnal @ concentrations with OH and HQlata. For or { h
example, at a suburban site 8 km NE of downtown Nashville, 5 Il i_j r : | g 004
OH and HQ observations tracked the diurnal buildup and irimd IEL

<}
13
o
=3
@

decline of @ (Martinez et al., 2003). This linkage also has
been reported from observations in New York City (e.g. Ren
et al., 2003). From the data taken in the New York City area,

Mean Annual EC (ug m?)
o
IS

0.3

EC Emissions (million metric tons)

OH concentrations empirically are roughly proportional to  °* 001
O3 concentrations during the day (e.g., Supplement Fig. S4). °'

If this urban—suburban pattern applies to rural conditions in 0
the Southeast One Cou|d expect to See a dec“ne |n dayum( 1998 1999 2000 2001 2002 2003 2004 200132:)06 2007 2008 2009 2010 2011 2012 2013
OH concentrations between 2000 and 2013. This assump: EEOAK CICTR CIYRK —+—EC Emissions

tion is tempered by recent evidence for the regeneration of

OH from |Soprene reac“ons yleldlng an excess Of OH from F|gure 10. Mean annual EC Concentrations at rural SEARCH Sites

chemical model calculations (e.g. Fuchs et al., 2013). The&ompared with emissions of EC from all emission sources in Al-

morning rise in @ concentrations at the ground also cor- abama, Georglg, MISS.ISSIppI,and northwest Florida. Emissions data
s . ...are from extension using the method of Blanchard et al. (2013c).

roborates the potential importance of air mass transport with

down-mixing of G from a residual (upper boundary) layer

during the breakup of the nocturnal inversion layer 2—3 h af-

ter sunrise (Baumann et al., 2000). As a part of the analysi®t al., 2011; chemical composition particle and gases, Pa-

of the SOAS data, a close look at relationships between OHghon et al., 2010; semi-empirical air quality models, Yu et

HO,, O3 and VOCs would be of interest not only for SOC al., 2007). While these methods provide insight into the two

formation, but also for distinguishing rural from urbas O components of OC, they do not yield a consistent quantita-

photochemistry. tive picture of the fractions of each. The mean fraction of
SOC estimated by different methods varies frer20 % to
2.3.3 Aerosol particles >50 % depending on the time of year data were obtained, and

the method used.
Suspended particles and their origins are a key element of The trends in rural annual average EC concentrations com-
the SOAS experiments. The $@omponent was discussed pared with EC emissions are shown in Fig. 10. At the rural
above with SQ@. Trends in regional and CTR particle mass SEARCH sites, ambient EC decreases over the decade be-
concentration and composition are shown in Supplemenginning in 2000, and tracks the EC emission decline occur-
Fig. S5. Mass concentrations of fine particles ggMhave  ring between 2005 and 2013. EC concentrations declined ap-
decreased with primary emissions and secondary compoproximately coinciding with declining mobile source emis-
nents (SQ and carbon). Sulfate has decreased in fine partisions (Fig. S6 in the Supplement). Mean OC concentrations
cles relative to EC and OC; NfHhas not decreased as much; followed similar trends as mean EC at both urban and ru-
and pNO3 decreased, even though increasepMNO3 con- ral SEARCH sites on an annual basis (Supplement Fig. S7).
centrations potentially could have occurred as declining SO These and other results indicate that POC is a major part
made an increasing fraction of NHavailable for reaction of average OC concentrations (e.g., Blanchard et al., 2008;
with HNOg3 (Blanchard et al., 2007). The major metal oxides Zheng et al., 2002; Blanchard et al., 2013c, 2014b).
(MMO) represent a small fraction of fine particle mass. Re- Linear regression models for relating decreases in rural EC
tained water (associated with species such ag 8@ repre- and OC concentrations to decreasing emissions are shown in
sented as one of the unmeasured components within “other"Jable 1. Included are relationships between ambient concen-
is relatively large. As shown above in Fig. 3, §&C, and trations with total EC and OC emissions and with mobile-
OC display somewhat different seasonal variations. Regionasource EC and OC emissions. The slopes for total and mobile
OC is identified with primary sources such as vehicle trans-EC are significant, but the intercepts are not. The slope and
portation and biomass burning (e.g., Lee et al., 2010; Zhangntercept for ambient OC versus mobile source OC emissions
et al., 2010). Biomass burning is believed to be a significantare each significant, but neither the slope nor the intercept for
portion of PMp 5 concentrations especially in the rural South- regressions of rural ambient OC versus total OC emissions is
east. Various methods have been used to separate secondaignificant. Mobile OC comprises less than 10 % of the to-
(SOC) from primary (POC) (e.g., OC/EC ratio method, Lim tal POC emissions in the region (Blanchard et al., 2013c),
and Turpin, 2002, Saylor et al., 2006; organic tracer-chemicabut SOC derived from mobile VOC emissions could augment
mass balance, Zheng et al., 2002; Ding et al., 2008; regreshe mobile POC contributions; OC derived from a combina-
sion, carbon mass balance, Blanchard et al., 2008; Blanchartion of motor vehicle emissions of POC and of low-volatility
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VOC potentially represents a large enough fraction for the 150

changes in mobile-source emissions to be detectable at CTR (a) Annual
Birmingham EC and OC regression models are included in g ;z:;o

Table 1 for comparison with the rural case. This urban case isE 100 — S

dominated by motor vehicle and industrial carbon emissions. & ; — [AC

The models for EC and OC vs. annual regional total carbon % = OM

emissions and motor vehicle emissions show a much stronge g 5o mmmb AmNitr

annual rate of decline than the rural cases do, without statis-= ==b AmSulf

tically significant intercepts. Regression models (not shown) f::aYIEigh

for EC and OC in Atlanta (JST) are similar to those found 0

for BHM. The linkages between motor vehicle OC emis- 2005 2006 2007 2008 2009 2010 2011 2012 2013

sions and ambient OC are more evident at BHM and JST than

at CTR because the higher motor vehicle emission density

within the urban areas results in a stronger signal that is more

readily observed within the variability associated with mete- 150 (b) June 1 -July 13

orology and with year-to-year variations in biomass burning _ ;5

on small spatial scales (e.gz,10—-100 km). ) ) H20
From source apportionment, wildfires and prescribed E 100 E=b (M

burns are a major factor in OC and EC concentrations in o ;5 :zi‘;‘é

the SEARCH region, including at CTR (e.g. Blanchard et £ m—" OM

al., 2013c). The post-2005 NEls indicate that the major con- g 50 b AmNitr

tributors to EC and POC derive from vehicle transportation = 55 ==Ib AmSulf
.. . . . = b Rayleigh

emissions and biomass burning (Supplement Fig. S2g anc .

h; Blanchard et al., 2013c). For the period from 2002 to  °
2013, annual wildfires and prescribed burning are shown in

Fig. S8. There is substantial variability in fires reported by Figure 11. Mean annual light extinction computed from daily
year and between states (e.g., Larkin et al., 2013). The prespecies concentrations at CTR calculated using the new IMPROVE
scribed burns in each of the states in the SEARCH regime ar@90rithm (a). Mean light extinction computed from dally species
much more frequent than the wildfires over this period. EPASONcentrations at CTR during 1 June—15 July of each {®aifhe
(2014b) has tabulated major seasonal differences by state iﬁrosm components include ammonium salts, @M8OC), light-

th f fi f in th i f the NEI sorbing carbon (LAC), soil dust, coarse material (CM), and water.
€ occurrence of Tires Tor use In the preparation of the "The black line shows the measured RH averaged over different peri-

According o the EPA, the Georgia fire season 'S_ in late WIN-ggs represented in the two panels of the figure. RH dependence was
ter (January—March) while the Alabama season is apparentl¥omputed using the new IMPROVE f(RH) formula with hourly RH
later, mainly in May—June; the information on which these measurements at each site. Effects of water in particles, associated
temporal profiles were based is not documented. The impliwith SO, and NG;, are shown separately as thel,O term (See
cations of the temporal differences are unclear for prescribedlso Fig. S10).
burn EC and POC contributions relative to annual or seasonal
ambient averages.
The SEARCH data have also given insight into the urban—
rural contrasts in ambient EC and OC. For example, carbon Urban and rural contrasts are readily seen in Table 2, illus-
isotope analysis has indicated that most of the total carborrating differences for the urban and rural pairs, and between
— TC (OC+EC) at CTR is modern carbon compared with inland and coastal sites. Strong urban-rural differences are
nearby Birmingham, which has a major fraction of fossil found in the inland pair, CTR-BHM, for particles and gases.
carbon (e.g., Blanchard et al., 2008). The modern carborinterestingly, mean @concentrations are higher at CTR than
fraction can be derived from primary emissions of smokeBHM. The urban-rural contrast is weaker for the coastal
from fires, cooking, or from detritus and/or secondary at- pair, OAK and Gulfport, Mississippi (GLF). The secondary
mospheric reactions of VOC. The secondary component obpecies tend to have weaker urban—rural gradients than the
modern carbon comes from a host of potential biogenic reprimary species. The data suggest the regional character for
actions. The urban—rural contrasts between BHM and CTRSO; (also NH;) and G, while other species have lower mean
indicate a large fraction of S{and OC has a regional char- concentrations along the coast than inland. The conditions
acter, with SQ having a small increment and OC a larger along the Gulf Coast show lower concentrations, consistent
increment associated with the urban emissions (Blanchard ewith smaller cities, fewer major point sources along the coast
al., 2013a). than further inland, and mesoscale meteorological effects as-
sociated with marine conditions. Seasonal similarities and
differences are shown in Table S4.

2005 2006 2007 2008 2009 2010 2011 2012 2013
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Table 2. Mean concentrations by inland and coastal sites determined for 1999-2002 and 2009-2@%2arRMPM o _» 5 mass and
species concentrations are means of daily measurements (24 h filter-based samptesgs@ements are means of peak daily 8 h maxima.
Concentrations of gases are means of days determined from hourly data. Means were determined by year, and the yearly means were the

averaged.
Inland sites Coastal sites
Species 19992002 2009-2012 1999-2002 2009-2012
CTR BHM® CTR BHM® OAKP GFP O0AKPC GFP
PMs 5 (ug )
Mass 14.17 2062 8.89 11.88 1277 1215 961 858
SOy 416 495 220 266 366 375 233 231
NO;3 038 1.00 029 050 035 044 033 0.36
NH4 132 183 073 09 111 123 074 075
EC 058 205 063 104 052 074 036 043
omf 470 732 348 396 424 397 265 275
MMO 036 097 041 092 045 048 067 059
PMio_—25 (g 3)©
Mass 562 1360 501 1219 NA NA 623 826
SOy 021 029 018 0.34 N/A  NA 021 031
NO;3 040 046 037 048 N/A  NA 046 069
NH,4 005 002 003 0004 NA NA 002 007
MMO 138 447 124 410 NA NA 176 204
Gases (ppbv)
O3 36.97 2327 3293 2474 37.05 31.81 33.15 32.96
co 182.3 502.3 1647 2964 169.8 270.3 1387 179.3
SO, 202 487 076 244 165 231 073 117
NO 043 1997 015 754 021 363 009  1.10
NOg 276 1437 151 1203 141 NA 102 455
NOy 504 3816 272 2121 337 1191 189  6.46
NO, 1.76 598 119 2,04 142 NA 077 089
NHS N/A  NA 032 216 NJ/A  NA 031 077

a Gas measurements at BHM began in 2000.

b PM;o__ 5 measurements at GFP and OAK started in 2003.

¢ Measurements after 2010 are not available.

d NO, measurements took place over 1999-2002

€ NH3 measurements commenced in 2004 as 24 h filter-based measurements; hourly measurements began in
2011.

f The SEARCH database adopts the convention OM AQICA.

cluding Rayleigh scattering and also water through a hygro-
scopicity relationship with RH (Pitchford et al., 2007). On

] ] o a dry basis, major contributors to “dry” extinction coeffi-
Ground-level estimates of light extinction have been madegient include S@ and organic matter (OM as 1.8 OC) at the
at the SEARCH sites since 1999. Extinction apportionmentseARCH sites, including CTR. Water content, shown sepa-
gives additional insight into the role of chemical components,aaly in Fig. 11, based on hygroscopicity of £&nd NQ;,
including retained water. Extinction has tended to decreasgg 5 major component of extinction at the average RH seen
over the 2000-2013 period, as expected from the decline inynnyally in CTR. Hygroscopicity of OM is not included; the
fine particle concentrations. A time series of observat|onqnorganiC component accounts for most of the water reten-
for bex at CTR is shown in Supplement Fig. S9, including tjon, This result is consistent with findings from other stud-
the dry light scattering component and the absorption Comies  including those in the Shenandoah, Virginia region of
ponent. The bulk of the extinction is from light scattering. the Southeast (e.g., Malm et al., 2000), in the Great Smoky
Figure 11 shows a trend in combined fine and coarse paryountains (Lowenthal et al., 2009), and also with labora-

ticle (PMyo) contributions to light extinction coefficient us- o1y studies (e.g., Brooks, et al., 2004). The black carbon
ing a weighting relationship with particle composition, in-

2.3.4 Aerosol light extinction
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component (light-absorbing carbon or LAC) represents arel-3.2 Meteorological conditions
atively minor portion of the extinction coefficient annually,
while the contribution of OM is larger than ammonium sul- Surface meteorological conditions are described in terms of
fate. For comparison, the contributions to the extinction coef-box plots of the CTR data, directional pollution roses, and di-
ficient based on chemical constituents without separation ofirnal plots of parameter variation. Box plots of wind speed,
water from SQ and NG is given in Supplement Fig. S10.  temperature, relative humidity, and solar radiation are shown
in Supplement Fig. S13 for 1 June to 15 July 2013. The pe-
) riod generally is characterized by light winds (air mass stag-
3 Representativeness of 2013 nation), warm daytime temperatures, high relative humidity,
. . . .and reduced solar radiation relative to other years. A compar-
The previous section provides a long-term context of air. - Y
. . . ison of the box plots by year indicates that the period in 2013
quality changes in the SEARCH domain. For the represen- . . i . .
. : was moist and cool relative to previous years, with slightly
tativeness of the 2013 summer experiments, we turn to th . ) ,
: : . : ess solar radiation compared with earlier years. Meteoro-
long-term ambient data associated with the period of June

. L : . ogical conditions favorable to regional pollution episodes
to July 15. The discussion includes consideration of the rep'ar?)und CTR in current years are agnalogortjjs to thosepfound in

raens]g:"gre]lttl\éﬁzi]sitg;?g[_([a_grologlcal conditions as well as th(%he SOS Nashville experiment (McNider et al., 2002; Banta
' et al., 2002) and identified for the SEARCH region (Blan-

chard et al., 2013a).
Conditions for elevated pollution involve large-scale,

The annual emission trends derived from the NEIs providemulti-day periods of light winds, high solar radiation (SR),
no information about short-term emission patterns. Two ma-and high RH, with limited nocturnal vertical mixing in a tem-
jor contributors to regional, diurnal emissions relevant to thePerature inversion in the lower boundary layer. In the morn-
SOAS experiments are $S@nd NQ, from EGUs, and NQ ing, the inversion tends to break up, permitting increased ver-
and NMOC from transportation. Natural emissions for iso- tical mixing with pollution aloft reaching the ground. This is
prene and terpenes are also of interest. The June-July diufollowed in the evening by re-formation of the inversion layer
nal EGU SQ and NG, emissions for Georgia, Alabama, and suppressing mixing. Occasional winds aloft, in the boundary
Mississippi are shown in Supplement Fig. S11. A nationallayer, develop around the high pressure regime creating con-
average transportation emission pattern applied tq ®i@  ditions for dispersion of pollution across the region, accom-
NMOCs is shown in Supplement Fig. S12 for comparison Panied by decreases in ground-level concentrations and con-
with the EGU pattern. The EGU emissions of S&hd NG, centrations aloft. The diurnal changes in summer EGU and
show a “common” increase in daytime emissions, rising attransportation emissions, as well as natural VOC emissions
about 06:00 LST through the daytime followed by a decreasdend to parallel changes associated with vertical mixing and
in evening after 18:00 LST (with stated exceptions, all datachanges ininversion conditions, providing increased daytime
are given in local standard time). The annual trends in the reféactants. The morning increases tend to “fuel” the photo-
duction in emissions across the states are consistent with thehemistry of oxidants and SOC formation even with daytime
annual changes for S@nd NQ, in Fig. S2. The average di- dilution, while reducing nocturnal chemical reaction rates.
urnal changes in the on-road motor vehicle emissionsy(NO
and NMOC) show an increase around 06:00 LST with morn-3.3  Chemical characterization
ing urban commutes, with steady levels thereafter with a rise
in traffic, followed by a decrease around 17:00 LST. As indi- Box plots of trace gas and particle composition in Supple-
cated in the figure, there is a weekday—weekend difference ifinent Figs. S14 and S15 indicate the downward trend in pol-
emission timing. lutants at CTR in June—July, consistent with the trends in an-
Natural VOC emissions of isoprene are influenced by ris-nual averages and emissions in the region discussed above.
ing and declining temperature and solar radiation, with a risen some years, the range of concentrations is large relative
at~ 06:00 LST in summer, modulated bys@oncentrations  to the mean, but in recent years the range, based on the 25th
(e.g. Sharkey et al., 2008). Terpene emissions are mainlnd 75th percentiles, appears to have decreased along with
temperature dependent and tend to rise at 06:00 LST, beforéie mean values.
decreasing somewhat during midday and increasing again Pollution—-wind direction roses for the 1 June-15 July
in the evening (Supplement Fig. S19; e.g., Guenther et al.2013 period are indicated in Fig. 13. Wind speed and fre-
1993). NG, emissions from soil emanations vary with tem- dquency are also shown, indicating that northerly winds were
perature and soil moisture, with a less-known average diurnalare in 2013; instead westerly winds occurred more fre-
character; lightning-derived NQproduction is obviously in-  guently with higher wind speeds than usual. The pollution
termittent depending on stormy conditions. roses suggest that Sas some directionality that varies
from year to year during the early summer, with a distinct
source influencing the site from the southwest during this

3.1 Diurnal emission characteristics
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2006 2008 2012
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Figure 13. Comparison between average 1 June-15 July, 2000—
2012 and the SOAS period of 1 June—15 July 2013 for directional

9, wind speed frequency and direction, trace gas concentrations, and
E concentrations of Plls mass, EC, OC, S§) NHg, and OC/EC at
i 2 CTR.
=
| | | | | | | | |
00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00 The time series and pollution roses indicate that the SOAS

Ti cSsT i : . I )
ime: {EST) experiment observations include a range of conditions in

Figure 12.Mean diurnal hourly (CST) temperaturg), solar radi- ~ Which pollutants were seen at CTR in varying amounts and

ation (SR), relative humidity (RH), and wind speed (WS) at CTR from potentially different wind directions. Examples during
from 1 June through 15 July each year, 2000-2013. SOAS include an urban plume (4 June, just before a biomass

burn); power plant plume (26 June from the SW); open burn-

ing (4 June) and a dust intrusion from air transported over

the Atlantic Ocean (9 June or 23 June). Examination of the
period. NQ, CO, and EC show less directionality but broad air chemistry during these events compared with “non-event”
enhancements in northern sectors, pointing to urban (trafdays could provide key indicators of SOC formation in dif-
fic) influence from Birmingham and Tuscaloosa, ®M; s, ferent polluted air conditions.
SOy, NHy4, and OC show more regional character, indicated Diurnal plots of species are given in Figs. 14 and 15, SO
by near-symmetrical concentration distributions with direc- profiles show spikes during late morning when the convective
tion. The OC/EC ratio has a distinct directional relation- boundary layer develops rapidly and mixing down from air
ship. Although elevated EC derives mainly from the BHM in the residual layer occurs. Sporadically, this residual layer
and Tuscaloosa (northern) directions, OC/EC ratios showcontains emissions from a power plant plume high i, SO
larger values from the west and south in association withemissions being mixed to the ground. The nature of this oc-
low EC, while OC/EC ratios are lower from the north and currence causes the standard deviation of these profile spikes
east. These differences suggest that urban sources influente be relatively large. The height of the spikes and the fre-
CTR from the northern and eastern sectors, but non-urbaiuency of occurrence decreased over the years.dddcen-
sources (including biomass burning and secondary materialirations, in contrast, and similarly to CO, show a broad morn-
are strongest from the southwest. ing peak around 06:00 CST associated with accumulation of
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of NOy is NO» (e.g., Supplement Fig. S16). NGollows
a post-NQ diurnal pattern with a daytime elevation and a
maximum just before 09:00 CST. The average,N&¥els at
CTR are low, <~ 1 ppbv, with higher concentrations peaking
at~ 2 ppbv in the morning; the origins of these concentration
levels may be local emissions of anthropogenic (most likely
mobile) sources and naturally from soil exhalations that ac-
00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00 cumulate in a shrinking nocturnal inversion layer. A nitrogen
| | | | Ll I(CST) | | | | oxide mass balance is shown Figure S16. The composite di-
2006 2008 2012 _| urnal composition indicates that N@s dominated at night
2007 2009 2011 2013 | mainly by NG, with NO, (sum of pNO3, HNOs, alkyl ni-
trates [AN], and peroxy—alkyl nitrates [PN]) prevailing dur-
ing the day, whereipNO3 contributes very little. The mea-
surements indicated in the N@nass balance nearly reach
mass closure with only a minor fraction unidentified.
00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00 . In contrast.to S@concentratlons, which peak in the morn-
Time (CST) ing and evening at CTR, sulfate shows a weak enhancement
' ' T ' ' T ' ' T between midday and early evening (Fig. 15), with declining
2~ - overall concentrations since 2000. The reactive species con-
centrations display a character consistent with recent lower
hourly reaction rates associated with lower,;2@d OH con-
centrations compared with earlier years. The diurnal EC and
OC concentrations over the years have settled into low lev-
ol ! 1 L 1 1 L 1 o els slightly enhanced around 09:00 CST — corresponding to a

S02 (ppbv)

NOy (ppbv)

NOz (ppbv)

00:00 03:00 06:00 Ogiogimlz‘(’gST;SiOO 18:00 21:00 00:00 time similar to NQ, thus possibly associated with the same

sources such as a local traffic increase. The weak diurnal
OC concentration pattern does not indicate a strong daylight
driven component with rapid rise in oxidant concentrations,
but does not rule out the potential for SOC formation at night,
as well as during the day. Periods prior to 2013 show an ap-
2006 2008 2012 parent spiky character of EC concentrations, possibly iden-
10| | : ) 1 2007 2009 2011 2013 tified with local yard waste or trash burning, and less asso-
00:00 03:00 06:00 09:00 12:00 1500 18:00 21:00 00:00 ciate with the previously discussed regional biomass burn-
Time (CST) ing (e.g. prescribed fires for forest management). Prescribed
burning is a ubiquitous, widespread source for OC and EC
with OC/EC emission ratios of 14 or larger (Lee et al., 2005)
in the forests of the Southeast, including Alabama. In 2013,
the Alabama Forestry Commission issued 14 137 burn per-
mits for over 1 million acres, the largest total burn area since
local (traffic) emissions in a shrinking nocturnal inversion 2010 (B. Elliott, personal communication, 2014). Prescribed
layer, which breaks up after sunrise and dilutes into the conburning is regulated differently by state, making the NEI esti-
vective boundary layer. The level of midday hNCas well ~ mates of emissions for this source highly uncertain. Satellite
as its morning amplitude, decreased over the years, reachingbservations are used to locate burns, but they do not reliably
a minimum in 2013. Ozone shows the well-known concen-identify small burn areas below dense forest canopies.
tration variation with a sharp increase in the morning fol- The importance of aerosol water content in SOC reaction
lowed by a midday peak in response to combined precursochemistry is hypothesized in Shen et al. (2013) and Carlton
concentration increases and down-mixing from the residuabnd Turpin (2013). A sample diurnal pattern of liquid water
layer during morning breakup of the inversion layer (e.g., suggested in the difference between dry particle light scat-
Zhang and Rao, 1999). If OH and H©oncentrations follow tering and ambient particle scattering is seen in Fig. S17. A
a diurnal change (Martinez et al., 2003) similar to suburbanmaximum water uptake is at night with the highest RH, while
Nashville, a maximum in SOC-OC concentration could bethe aerosol tends to lose water systematically with equilibra-
expected near midday. The midday @®axima decrease at tion to lower midday RH. While ample water is presentin the
CTR over the years. Unlike a purely local development, theaerosol particles during the day, they are much wetter on av-
midday peak shows an extended decrease in 0zone concearage at night. The retained water in particles provides an op-
tration into the late evening hours. The principal componentportunity for both gas and aqueous-phase oxidation reactions

60

(o))
o

w
o

03 (ppbv)
3

N
o

Figure 14. Mean diurnal concentrations of trace gases S0y,
NOz, and G at CTR from 1 June through 15 July of each year.
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T T T T T T T T 7 the southeastern rural environment. The data suggest a varied
but persistent regional presence of anthropogenic NMOC. In
each of the locations, anthropogenic NMOC is mixed with
the natural NMOC. These data suggest that the production of
SOC in the rural sites may be dominated by natural NMOC,
but the formation chemistry is complicated by low concen-
trations of anthropogenic species.

Figure S18 in the Supplement shows the diurnal changes
at YRK in several NMOC groups: £5C4, BTEX, pentanes,
and isoprene. The first three groups show a concentration
peak in the morning followed by a decrease through mid-
day, with “recovery” of concentrations during the night. As
noted earlier, this pattern is interpreted to be associated with
the accumulation of emissions in a shrinking nocturnal in-
version combined with the morning emissions increase and

‘g inversion breakup, followed by vertical mixing and chemical
E; loss during the day. The four groups vary in terms of reactiv-
S O . . - . .

&5 ity, but show similar morning to midday change; the change
wo.2r- T is likely to be mainly dilution during the day. BTEX and pen-

tanes concentration have decreased over the years shown,
while C,—C,4 hydrocarbons seem less consistent in annual
change. Isoprene has a distinctly different diurnal pattern,
with a modest morning increase in concentration followed by
depletion, then a strong peak in the late afternoon/evening.
Hypothetically, annual diurnal change in isoprene concen-
trations appears to reflect variations in June—July meteoro-
Ok . . L . . : . = logical influence combined with oxidation chemistry rather
than a systematic trend over the years. A comparison of the

OC (pg/m3)

?g : diurnal change in isoprene concentration with OC diurnal
EN change (Fig. 15) suggests no direct or parallel link between
= midday OC associated with SOC production. Data taken at
= DR 2006 2008 2010 2012 . a rural mixed deciduous and evergreen forest site in west-
ook | | ! 2007 2009 2011, 2013 . ern Alabama (Kinterbish State Park) could be similar to CTR
00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00 for biogenic NMOC concentrations. A comparison between

e BT isoprene concentrations at YRK and 1990 concentrations at

Figure 15.Mean diurnal concentrations of P SOy, pNO3, EC, Kinterbish (Goldan et al., 1995) is shown in Supplement

OC, and NH at CTR from 1 June through 15 July each year. For Fig. S19 along with Kinterbish-pinene concentrations. The
2000-2001, S@ NOg, and NH, are 24 h values. Kinterbish pattern is similar at night and morning through

midday, but displays a weaker afternoon/evening peak com-
pared with YRK. Thea-pinene pattern shows a morning
peak, followed by a decrease from oxidation and dilution,
of NMOC to take place in the CTR environment. OC does notbut is much lower in concentration than isoprene. Interpre-
increase with drying out of the aerosol at morning to midday, tation of these diurnal patterns could give perspective to the
which would indicate release of SOC from nocturnal reactionunderstanding of oxidation chemistry and SOC formation.
products.
Diurnal variations in NMOC concentrations are important
for characterizing a portion of the potential for SOC produc-4 Summary
tion at CTR. While NMOC data were not obtained at CTR as
part of the basic SEARCH observations, a long-term recordnspection of long-term data in the SEARCH region and
of summer concentrations found at YRK can be comparedspecifically at CTR indicates that the experiments of summer
qualitatively with results taken at a rural sites in the Southeasf013 generally represent aerometric conditions within the
(Supplement Table S5) at locations relevant to SOS, includrange of those in the last decade, although some parameters
ing CTR (e.g., SOS studies of Goldan et al., 1995; Hagermanwvere lower relative to previous years. Meteorologically, the
et al., 1997; Riemer et al., 1998). The data cited in Table S&arly summer 2013 data at CTR were biased towards a range
indicate the importance of isoprene as a reactive species iof conditions that was marginally wetter and cooler, with
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lower solar radiation, than in most previous years. Chemi- Evidence from the long-term record and source apportion-

cally, air quality at CTR in 2013 exhibited a mix of natu- ment suggests that much of the OC is modern in origin at

ral and anthropogenic influences, but the magnitude of theCTR, but OC in total derives in part from primary sources,

anthropogenic component was significantly lower than dur-including biomass burning and vehicle transportation. This

ing the earlier years of the last decade or before. The deresult needs to be accounted for in apportionment of the SOC

cline in ambient concentrations of gases and particles is nofraction. Evidence from Zheng et al. (2002) and Blanchard et

anomalous since emission reductions after 1999, extendingl. (2008), for example, suggests that the majority of the re-

beyond 2010-2011 through 2013, reflect regulatory actiongjional annual or seasonal average OC can be accounted for

intended to lower emissions permanently. The implicationsfrom primary sources.

of observed changes are uncertain as to whether the ambient A major focus of the SOAS experiments was to evaluate

response to emission reductions results in slowing reactiothe mechanisms for SOC enhancement through interaction

rates due to reduced reactant concentrations, or in changes biogenic emissions with anthropogenic pollution. While

in the relative importance of the hundreds of photochemicalit is clear that various SOC formation mechanisms are ac-

reactions involved. This aspect of the change in the southtive (as measured with the chemical tracers), the magnitude

eastern air chemistry needs to be investigated in detail, andf the OC enhancement and when it occurs are in question.

SOAS will assist in achieving this understanding. The currentSEARCH data coupled with trends in anthropogenic emis-

conditions are likely to foretell the future conditions, which sions provide the ability to test various hypotheses over an

perhaps will increasingly return to a quasi-natural state agextended time period. The detailed chemical species mea-

anthropogenic emissions continue to decline. surements from the SOAS experiments, combined with the
The 1 June-15 July period of 2013 displayed a range ofconstraints of the long-term SEARCH observations, provide

pollution concentrations ranging from clean air to conditions an important framework to add a perspective on how, when

of substantial intrusion of pollution over the region with ev- and where SOC occurs in the southeastern US.

ident plumes from urban or point sources. Tracking trends

of trace gases indicates important reductions in ambient con-

centrations since 2000, resulting from regional reductions of

CO, SQ, NOy, and NMOC emissions as indicated by sta-

tistically significant regressions of ambient concentrations

against emissions. The emission reductions also reduced ex-

treme ground-level @concentrations, but not at the rate seen

in precursor reductions. Fine particle concentrations have de-

clined since 2000, with declines in concentrations of; SO

and both EC and OC. There is enough Nid the air to

effectively neutralize the average acidity of rural Sénd

pNO;3, but the summer tends to contain less Nikutral-

ized SQ than winter. Average acidic S(has remained ap-

proximately the same since 2000; stoichiometrically, S0

present as an ammonium salt, and is approximately neutral-

ized as letovicite or bisulfate in summer. Water-soluble (in-

organic) sulfur as sulfate appears to account for almost all

(>~ 95 %) the total S in particles. Gas and particle concen-

trations tend to be lower along the Gulf Coast compared with

inland. There are also urban-rural differences in air quality,

with stronger gradients associated with primary pollutants

in contrast to secondary species, although weaker secondary

species gradients do exist.
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Table Al. Glossary.
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Experiments and measurement programs

ASACA
CASTNET
CSN
IMPROVE
PAMS

SAS
SEARCH
SOS
SOAS

Assessment of Spatial Aerosol Composition in Atlanta (1999—present)

(Interagency) Clean Air Status and Trends Network (1991—present)

(USEPA) Chemical Speciation Network (1999—present)

Interagency Monitoring of Protected Visual Environments (1985—present)

(USEPA) Photochemical Assessment Monitoring Station, measuring NMOC, and sometimesndl@y
(1998—present)

Southern Atmosphere Study (summer 2013)

Southeastern Aerosol Research and Characterization Network (1998—present)

Southern Oxidant Study (1992-1999)

Southern Oxidant and Aerosol Study (1 June—15 July 2013)

Carbon chemical terms

EC elemental carbon — refractory, insoluble, chemically inert, light-absorbing carbon, operationally defined
by measurement protocol (SEARCH filter samples utilize CSN/IMPROVE thermal optical reflectance method)

IEPOX isoprene epoxydiol, a product of isoprene oxidation

LAC light-absorbing carbon — operationally defined concentration using
light absorbance as an estimate of black (as elemental) carbon

NMOC non-methane organic carbon, a part of VOCs

ocC organic carbon made up of organic species directly from sources (primary organic carbon — POC)
and secondary organic carbon (SOC) from chemical reactions of volatile organic species in the atmosphere,
including photochemically induced oxidation products

OM (particle) organic matter — defined as< OC, where %” is an empirical constant ranging from
~ 1.4 to~ 2.3. SEARCH data are reported with= 1.4

ovocC oxygenated volatile organic compounds, including alcohols, aldehydes, ketones, and acids

TC total carbon normally without the carbonate carbon component

VOC volatile organic compounds

Other terms

EGU electric generating unit — power plant, frequently coal fired in the Southeast

GAM generalized (statistical) additive model

MMO major metal oxides (defined in SEARCH data as the sum g4 SiO,, K>0, CaO, TiQ, and FeOs3)

NEI (USEPA) National Emissions Inventory

NIS non-inorganic sulfate; e.g., sulfate esters, methane sulfonate, sulfite salts

pNO3 particulate nitrate, often assumed to be mainly N3

RH relative humidity

SR solar radiation

WSSO04 water-soluble sulfate from filter extractions with water solvent, or direct particle sample dissolution
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