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ABSTRACT 
Measurements in urban Atlanta of transient aerOSOl 

events in which PMz.$ mass concentrations rapidly rise 
and fall over a period of 3- 6 hr are reported. The data are 

based on new measurement techniques demonstrated at 
the U.S. Environmental Protection Agency (EPA) Atlanta 

Supersite Experiment in August 1999. These independent 
instruments for aerosol chemical speciation of NO;;·- I 

50.2 
-, NH.·, and organic and elemental carbon (OC and 

BC), reconstructed the observed hourly dry PM,.5 mass to 
within 20% or better. Data from the experiment indicated 
that transient PM;;:;.", events Were ubiquitous in Atlanta 
and were typically characterized by a sudden increase of 
EC (soot) and DC in the early morning or S04'- in the 
late afternoon, The frequent temporal decouplingof these 
events provides insights into their origins, suggesting mo
bile sources in metro Atlanta as the main contributor to 
early morning PMz.s and more regionally located point 
SOz sources for afternoon PMz.s events. The transient 
events may also have health implications, New data 
suggest that short-term PM,., exposures may lead to ad
verse health effects. I Standard integrated filter-based 

IMPUCATIONS 
Newly developed instrumerrts for continuous highly time

resolved measurements of fine particle mass and chemical 

composition were deployed in metro Atlanta tar the EPA 
Atlanta Supersne Experiment, August 1999. Measurements 
revealed the ubiquitous presence of transient PM:v ; epi
sodes in which particle mass rapidly rises and falls over a 

period of a few hours but which go undetected with tradi~ 

tional time-integrated measurements. Many of these tran
sient events result in an increase in PM::2.5 mass by factors 
of 2-3, Speciated composition data show that these events 

are driven by sudden increases of two specific aerosol 

chemical components that dominate at different times, car
2bonaceous events in the early rnorning and 804 - events in 

late aftemoon. Apart from providing insights into sources, 
the unique chemical nature of these transient events may 

have specific health effects that previous epidemiologic 

studies based on highly averaged aerosol data could not 
readily resolve. 

techniques used in PMZ.5 compliance monitoring net

works and in most past PMz.s epidemiologic studies col
lect samples over 24-hr periods and thus are unable to 

capture these transient events, Moreover, health-effects 

studies that focus on dally PMz.s mass alone cannot eval
uate the health implications of the unique and variable 
chemical properties of these episodes. 

INTRODUCTION 
PMz.., includes all particles with aerodynamic diameters 
less than 2.5 I"m. These particles scatter and absorb light, 
interact with and affect douds, and deposit within hu
man respiratory systems. Their presence in the atmo
sphere has been linked to the formation of haze and 
changes in the atmosphere's radiative balance'::: as weB as 
adverse affects on human health, crops, and rnaterials.;'l In 
the case of human health effects, epidemiologic studies 
suggest a connection between increases in the mass con
centration of PMZ•5 (typically expressed in units of "glm") 
and increased morbidity and mortality through pulmo· 
nary and cardiovascular diseases in susceptihle popula
tions.4 •7 The identification of the role of various PM con
stituents in PM toxicity is an area of active current 
research. One rna jor focus has been on combustion 
emiSSIOns, such as elemental carbon (Ee; SOOt} and 
organic carbon (OC) from mobile sources and sulfates 
from coal-fired power generators.!'J. 

For the most part, the association between PM" and 
human health has been established through epidemio
logic studies in \\'hich ambient aerosol concentrations 
were monitored by collecting particles on filters over ex
tended time periods (e.g., 24 hrl and then using standard 
analytical techniques to determine the total mass and 
composition of the collected particles. The U.S. Environ· 
mental Protection Agency (EPA) has promulgaled two 
National Amhient Air Quality Standards for PM,." one 
based On a max 24-hr averaged concentration of 6S fLg/m:1 

and the other on an annual average of IS ~lg/m.:.q How~ 

ever, shorter-term, acute exposures caused by a rapid in~ 

crease in PM2 .S concentrations or an increase in one 
chemical component may also have adverse health 
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effects. Historically, characterization of the effects of such 
transient exposures has been problematic because of mea
surement limitations. This situation is changing as a re~ 

suit of the development of near-real-time aerosol moni
tors. For example, a recent study using high-resolution 
measurements of PM2., mass suggests that short-term 
spikes in PMz.s mass can trigger the onset of myocardial 
infarction within a few hours of a pollution event.' The 
effective mitigation of fine particle pollution and its 
harmful effects on human health and the environment 
requires an understanding of the sources and properties 
of these particles as well as the processes that determine 
these properties. This work attempts to elucidate some 
of these key aspects of PM,., in a relatively polluted 
urban environment by analyZing the near-real-time 
measurements of PMZ.5 mass concentration and chern· 
ical composition gathered during the Atlanta Supersite 
Exp€riment. 

EXPERIMENTAL METHODS 

The Atlanta Supersite Experiment was conducted from 
August 3, 1999, to September I, 1999, at a ground-based 
site located in a mixed residential and industrial neigh
borhood approximately 4 km northwest of downtown 
Atlanta. An overview of the experiment is provided by 
Solomon et a1. iO As part of this experiment, a wide 
range of instrumentation for both aerosol and gas* 
phase measurements was deployed. This included a va
riety of instruments capable of near-real-time quantifi
cation of PMz,s mass and chemical composition with a 
time resolution of I hr or less. Among the PM,.5 chem
ical components measured by these so-called semicon~ 

tinuous instruments were 5°4 
2 --, N03 -, NH",+, OCI and 

EC (soot, or black carbon). Some of the instruments 
used were designed to measure only one PMZ•5 compo~ 

nent (e.g., SO./~L others were designed to measure 
multiple components (e.g., OC and EC, or numerous 
aerosol Ions). Results from intercomparisons of the var
ious semicontinuous instruments for the measurement 
of N03 - and SO/-, and OC and EC are reported else
where.1l.lZ The data used for this paper are based nn 
averaging various semlcontinuous measurements of the 
same species. The acronyms used to identify the insti
tutions operating the instruments are deflOed at the 
end of this paper and are rhose used in the intercom
parison papers where a more compiete description of 
the instrumentation is provided. ll •12 The NH4 '" re
ported here is, for example, the average of the two 
semicontinuous NH 4 + techniques deployed during the 
experiment, both based on ion chromatograph (IC) 
analysis"·H (op€rated by ECN and GT/BL, respectively). 
S042 

- and NO, are the average of three IC-based detec
tors (ECN, GT/BL, and TT) and a flash vaporization 
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approach15 (AOI). Reported OC is the average of an in situ 
theonal-optical carbon analyzer l6 (RUIOGl), the Ruppre
cht and Patashnick (R&P) 5400 ambient carbon analyzer, 
and a flash vaporization carbon analyzer (ADl). In addi
tion, the RU/OGI and the R&P 5400 measured EC, which 
was also averaged with EC inferred from a Radiance Re
search particle soot absorption photometer (PSAP, oper
ated by ARA) and the Magee Scientific AE-16 aethalometer 
(nperated by HSPH). 

Near-real-time dry PM,.; mass was measured during 
the Atlanta experiment using a tempered element oscilla· 
tory microbalance (TEOM) (R&P) with the sensor heated 
to 50 'C to drive off condensed waterP The TEOM mea
sures the mass collected on a small filter oscillating at the 
end of a hollow glass tube through which sample air is 
drav.'U, Changes in the natural frequency of this oscilla
tion are related to changes in filter mass. Possible aerosol 
volatility artifacts associated with running the TEOM at 
the high temperature of 50 'C are discussed in the follow· 
ing section. Our analysis of data from these instruInents 
indicate that transient PMz.5 events are frequent In At
lanta and have specific chemical signatures that provide 
clues to their sources and may have specific health con
sequences. 

REI>lJLTS AND DISCUSSION 
Mass Closure 

Before analyzing the data from the near-real-time in
strumentation for insights into the characteristics of 
PM 2., during the Atlanta experiment, the completeness 
and precision of the chemical speciation is assessed by 
testing for mass closure. This is done by comparing the 
sum of the measured chemical components to an inde
pendent gravimetric measurement of the total dry 
mass. Because OC measurements only quantify the car
bon component of OC, maSs closure requires a correc
tion factor to convert mass of carbon to mass of organic 
compounds. 

OM = OC x (correction factor) (I) 

where OC is the measured mass of organic C in PMl .5 and 
OM is the estimated total organic mass of the organic 
compounds (including 0, N, etc.) in PMl .,. The correc
tion factor Is the average organic molecuiar weight p€r 
carbon weight. ln keeping with many previous investiga~ 

tors, a correction factor of 1.4 is assumed. Values as high 
as 1.6 :': 0.2 for urban aerosols are reasonable." Heating 
the TEOM sensor (i.e., filter) to obtain a dry PM2~' mass 
measurement can result in an underestimate of PM Z.5 

mass caused by loss of volatile aerosol components and 
may offset to some extent the use of a low correction 
factor for Oc. 
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In general, the agreement between the recon
structed mass, using the measurements for the PM,., 
constituents and the directly measured PMu is quite 
good, For the entire study period, the mean PM,., mass 
and standard deviation obtained from summing the 
chemical components was 29,5::': 10,8 "glm', while the 
mean and standard deviation obtained with the TEOM 
was 30,9 :': 1L 7 "glm'- The average mass obtained 
from the TEOM itself was about 4% iower than that 
obtained from the integrated filter samplers used dur
ing the study." 

Higher resolution measurements can more rigor
ously assess mass closure. For the one-month studYI 
Figure 1 shows the average diurnal PM2 " concentration 
and its maior chemical constituents. Comparison of the 

sum of the major constituents to the measured PM,., 
mass reveal> generally good agreement, The largest dis
crepancies are found at 0900 EST when the recon
structed mass exceeds the measured mass by about 
10%, and after 1400 EST when the measured mass ex
ceeds the reconstructed mass by about 7-12%, None
theless, a similar 24-hr trend is seen in both sets of 
measurements, 

Mass reconstruction based on the I-hr data for the 
one-month study is shown in Figure 2, This figure shows 
that even when the comparison is made using the hourly
averaged data the agreement is generally 20% or better, 
although exceptions having discrepandes of 40% or more 
occurred on occasion. Pearson product linear regression 
of the sum of OM, EC, N03 -, 50/", and NH, + versus 

PM" in "glm' is 
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Figure 1~ A~3r,ra Supers;te experimen1 3\!eragB COf'.centrations lor 
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tnUGLiS CEH8CIOffi, CrgarJc matter (OM) is the measured OC muttlp\ied by 

, ! m i of Illt:; A;r Ii: ~'/as{8 Manage/rent A::"'iQCi&,'V)fl 

Speciated Sum = 2.78 :': 0,93 + 0,89 1: 0,03 x PM", 

r'- = 0,879 (2) 

where the uncertainties are based on 95 t }f) confidence 
intervals, Although this is the first chemical mass re
construction at I-hr time resolution over an extended 
period of time, the agreement may be somewhat fortu
itous because of compensating errOrs between the spe
dated sum and the mass measurement. At the very 
least} the 1~hr reconstruction shown in Figure 2 dem
onstrates consistency between these diverse instru~ 

ments and their ability to document the oCCurrence and 
chemical characteristics of short-term, transient PMZ ,5 

mass variations. 

Transient Characteristics of Atlanta PM,.• 
Aerosol dnring the Supersite Experiment 

In Atlanta, based on measurements extending over a one
year period, total carbon (EC+OMI, and 50/ each typ
ically comprises about 35-45% of the PMz.s dry mass, 
with the remainder being compased prilnari}y of NH4+ 

and NO,- ,20 The daily averages for the one-month Super· 
site Experiment, shown tn Figure 1, are consistent with 
these more general yearly trends, 

Figure 1 indicates that, on average, PML';> exhibited 
relatively modest variations (of 2oo,;, or less) over a diurnal 
cycle during the Atlanta experimenL In contrast. the 
hourly averaged data from the semicontinuous monitors, 
illustrated in Figures 3b and 4b, mdicate that the varia
tions on shon time scales were quite large, In several 
instances, PM", was observed to vary by factors of 2-3 
over time intervals of a few hours. Because .sO/~ and 
EC+OM are the two maior components of PM2 " the 
short-term variations in PM25 illustrated in Figures 3b 

and 4b are most likely associated with variations in SOs 2

and EC+OM, Interestingly, however, the results illus
trated in Figure 1 suggest that, at least on average, SO,2
and EC+OM appear to vary independently of each other, 
with SO4 z- tending to peak in the late afternoon and 
EC+OM peaking in the morning, In the analyses pre
sented here, these tendencies are examined in more de
tail. 

Multivariate Analysis, An objective assessment of the 
contributions of SO/~ and EC+OM to variations in 
PMZ ,5 can be obtained through a multivariate analysis 
in which a linear regression is llsed to simultaneously 
apportion the variances in PM2 ,s, SO/-, and EC+OM 
to a number of underlying factors.2' The relative im
portance of each factor to each variable is then indi
cated by tbe so-called loading derived for that variable 
and factor. A positive (negative) loading indicates that 
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2-. N03~, NH4+ OC times: ,t.., and EC, The teo plot shows the percent difference betv.'68n spe...--::lated sum and mass, Data are 1-hr averages 

the variable is positively (negatively) correlated to that any given factor and variable is the fraction of the total 
factor, and a small loading indicates that the variable is variance in that variable that can be explained hy that 
not affected by that factor. The square of a loading for factor, Table 1 sUlnmarizes the results of a multivariate 
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analysis involving the I-hr averaged values observed for 

PM,.5' 50/-. and EC+OM. This analysis shows that 

about 97% of the total variance in PMZ.5 mass can be 

explained by two independent factors; one being most 
strongly associated with 50/- and the other with 

EC+OM. 

Table 1, i=aClOf !oadngs denved trom multivanat€ ana1ysis 01 l·hr ai/9raged PM., '" 

,and EC+UM. 

A. Asslmllng T•• Fact"'" 

Variable Factor l' Faem 2" 
FM2 c 038 

G,99 

EC+OM J4, 090 

B. Asslmllng TIlree hem 

Varl.bl. factor l' Fatlor 2" Facto' 3' 
rrv',;:, ~ 0.59 ,",'r-'

U .•)I OZj 
·~n ,,
;:'''4 O.9S 
EC+OM 041 ((91 

1Fac[lf IGaOi0Qs 1l1at StpI3!fl1C&"i than 5% 01 Iht? variance :n any var:anls wers deemen 

to not be significant and have bee" rBUlaced 01' "~.'; 

a. 

b. 

Transient Events. A feature revealed by a higher time
resolution measurement is the presence of short-term 

transient events. A comparison in Figures:~ and 4 of the 

variation in PM Z.5 mass and its chemical components as 
a function of time using I-hr and 24~hr averages dem

onstrates this. It is apparent that, on a time scale of 
hours, PM,.5 was highly variable and that the use of 
24~hr averages largely masks this variability. For exam
ple, on August 10, the 1-hr averaged PMz.s dry mass 
reached 70.7 IJ-g/m3 

, the highest value attained during 
the study and almost double the 24-hr average mass for 
the day of 37.2 j.l.g/m- 3 (this episode is labeled as 1s in 
Figure 3b and Table Z). From the onset of the event to 
the time of peak concentration (roughly 4 hr). the 1-hr 
average PMZ5 increased from 29,0 to 70.7 ILg/nl'~. A 
recent study linking transient PMZ•5 events to health 
effects suggests that a rapid change in PM,., mass may 
be as or more important to health than the peak con~ 

centration reached during the episode.' Inspection of 
Figures 3 and 4 reveais that the Atianta data are reptete 
with similar, albeit less intense, short-term events that 
appear in the I-hr but not in the 24-hr averages. 

The timing and chemical nature of the transient 
PM2S events provide clues to their origin. III Atlanta, the 
aerosol chemical speciation data and our multivariate 
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Table 2. Pertinent parameters recorded (Juno:;; transient epISOdes idelitlfled in Figures 3 aod 4 

lIe1It at 
Oeyol Peek PM:•• SO.l .0, IIH.+ OC EC AcidItY" 

Label Aug IIl99 EST J'1IinI' J'g/m' J'gIm' J1IJim' J'gClm' J1ICIm' IIIljI\lI' SO.'-/PM TCIl'M' 

Ie 630 431 11.8 0,9 NA 11 B lB NA 0.27 0,56 

2c 12 8~30 53,9 143 13 40 150 109 99 027 059 

3c 18 730 37.8 114 0,6 30 1QJ 55 79 0<30 054 

4c 27 7:30 48,6 14.2 1-9 48 122 94 65 0,29 054 
1tf' 10 17:00 002 37.7 0.2 68 8, 21 439 a_53 022 

25 16 1S:3O 45.8 255 0,6 51 8,3 2.5 262 0,55 0,30 

35 17 1530 50,8 30e 03 40 7.6 2.0 421 0-61 0,25 

45 ?0.u 15:30 60,1 35,8 04 5.2 9,9 3.1 465 060 0.23 

A 6 6;')"uW 85,7 27,8 09 NA 12,2 8? NA 042 0,39 

8 21 7:30 l5D 219 3,1 7.9 8.1 3,9 57 049 034 

0 30 22:30 338 13.6 0.2 4.0 7.1 17 63 040 034 

~he apparent acid:ty equals 2 x SO~ ~'- + NGJ - - NH~ + with all concentra!ionsexpressed :n nmole/mJ - trrC/PM 'S the lotal carbon {DC x -: 4 + Eel dlVlOed by jine ilef\lSOI mass 

{PM;? ~); cBeC3US£ the sulfate peaked nrprior to the PM25 in lt115 C<!Se, the average over 2 hr isgven here At 1630 hr the sullate peak was 41,2 /-Lgim3 and lhe DM;:!o 49.8 !-Lgirr~<. 

mtoe lollowlIlg hOff, 1730, he sulfate was 34,2 jJ.girr3 and PM?,:; 70,7 ~g/mJ, 

analysis show that, in most cases, the variability is 
driven by variations in either OC+EC or in SO/-, and 
as shown by the daily averages (Figure 1), as well as the 
multivariate analysis, they tend to vary independently, 
For example, in Figures 3b and 4b, four episodes in 
which OM (recall, OM 1.4 x OC) and EC drive the 
PM,,; mass peak are identified as lc-4(, likewise, four 
events when the PM2,5 peak is driven by a SO;~~ in
crease are identified as 1 s-4 s, Three events when the 
peak PM2~5 was driven by simultaneous increases in all 
three components are labeled as A-C Pertinent param
eters associated with these eve-nts are summarized in 
Table 2, Combined, Table Z and Figures 3 and 4 show 
that the OM+EC events often begin to deveiop in the 
early morning and peak between 0600 and 0800 EST, 
Transient OM +EC events were rarely observed in the 
afternoon. In contrast, most SO/~ events typically oc~ 

cur in mid~ to late afternoon (1500-1700 EST); how
ever, a few events did occur in the early morning at the 
time of the OM+EC events. 

It is generally believed that these EC peaks wilh 
accompanying OC are from primary pollutants emitted 
directly into the atmosphere?2 while SO;'" is a second
ary pollutant generated photochemically from the ox
idation of 502,23 Daily peaks will also depend on me
teorological considerations, For example, after sunset, 
surface radiative cooling causes increased atmospheric 
stability and development of a low-level inversion, This 
tends tn limit dispersion of surface-emitted pollutants 
and causes their near~surface concentrations to accu
mulate (e.g., EC and primary OC). After sunrise, how
ever/ surface heating promotes turbulence and down~ 

ward mixing of air from above. This expands the surface 
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layer and dilutes near-surface concentrations of locally 
emitted pollutants. However, it increases the likelihood 
of spikes in the near-surface concentration of pollut

ants from more distant emissions by mixing upper-level 
air down to the surface, Consistent daily patterns in 

wind speed and direction may also playa role in pro
ducing the events. These trends are generally consistent 

with the follOWing hypothesis: the transient EC and 

OM (OC) events are from urhan mobile sources and 
50,2- is from the more distant tall stacks of coal-fired 

power plants that surround the Atlanta metropolitan 
area. 

Implications of Transient Events, Aerosol 
Acidity, and Possible Health Effects 

During the carbonaceous events, the fraction of total car· 

bon (EC+OM) to PM2 ,s varied between 54 and 59%, com
pared with the study average of 43%, For the SO/~ 

events, the 50/- mass fractions (SO/-/PMz,sl varied 
between 55 and 63%, and the study average was 44%. A 

consequence of the high SO/~ concentrations during 
these events is typically a 4-fold increase in the PMn 

apparent acidity, as shown in Table 2, Here, apparent 
acidity is the difference in the measured concentrations of 
anions and cations, all expressed in equivalents. Because 
the inorganic composition of the PM1 .5 aerosol during the 
study was dominated by SO/- and NH. + (see Figure 1). 
the apparent acidity is well represented by 2 x 50/ 
NH, +. Alternatively, the molar ratio of NH4 c to 50/' 
can be calculated from the measured concentrations. For 
the I-month study. the average NH, + 150/- molar ratio 
was 1,7, close to neutral (NH,h50" Tbe four episodes 
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identified as 1 s, 2 s, 3 s, and 4 s in Figures 3b and 4b had 
NH. +-to-SO,z- molar ratios between 1 and 0.7. 

The differing diurnal patterns of specific PM•.5 

chemical components may be important from a health
effects and epidemiologic study point of view. For ex
ample. the late-afternoon 50;- events OCCur when 
people tend to be active and results in exposure to high 
PMZ.5 aCidity that accompanies these episodes,7 More~ 

over, there may be synergistic interactions. with ozone 
that also typically peaks in the late afternoon in Atlanta 
and in other urban areas. In terms of epidemiologic 
studies, the differing diurnal trends of PMu carbona
ceous and 504 z~ mass could be used in a health-effects 

study similar to Peters et aU to relate transient PMu 
health effects to specific aerosol chemical components. 
Previous epidemiologic studies were ill suited to iden
tify these effects. This is because 24-hr filter sampling 
times would fail to resolve these transient episodes and 
their diurnal trends, and the studies were based on 
reported daily health statistics. 

CONCLUSION 

Newly developed instrumentation for high time resolu
tion measurements of aerosol chemical composition and 
mass deployed at the EPA Atlanta Superslte show that 
transient events frequentJy occur in which PMz.s mass 
concentrations rapidly rise and fall over a period of 3-6 
hr. The contributions of these components to PM-in· 
duced toxicity is poorly understood and. scientinc issue 
of much current interest. In Atlanta, these events are 
driven primarily by peaks in the carbonaceous or SO/
components of PM,.s. These components have different 
sources and generally impact the PMZ.5 mass concentra~ 

tion at different times of the day. A recent epidemiologic 
study suggests tmnsient PM,5 events can have adverse 
health effects;l however, current PMZ•5 monitoring net~ 

works using 24~hr averaged fllter samples are unable to 

resolve such events, 
The spatIal extent of the EC+OC and SO/- events 

described here and their ultimate impact on the magni
tude and character of the PMZ.5 exposure of citizens living 
in metropolitan areas such as Atlanta cannot be deter
mined from this study alone. However, future studies 
involVing the deployment of real-time chemical specia
tion monitors at a number of sites throughout the met
ropolitan area could better define the scale of these 
events. Combined with meteorological measurements, 
this network could help in identifying SpeCifle sources 
responSible fur the transient events, The measurements 
could .Iso be combined with relevant real-time epidemi· 
ologic dat. to assess pOSSible health impacts on the met
ropolitan population. 
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