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Abstract. Measurements of atmospheric gases and fine parl Introduction
ticle chemistry were made in the Mexico City Metropolitan

Area (MCMA,) at a site~30 km down wind of the City cen-  gecondary organic aerosol (SOA) is an important compo-
ter. Ammonium nitrate (NNO3) dominated the inorganic - nent of ambient particulate matter. It frequently comprises
aerosol fraction and showed a distinct diurnal signature chary |arge fraction of the total organic carbon aerosol (OC), of-

acterized by rapid moming production and a rapid mid-dayien greater than 50% on a carbon mass basis (Kanakidou et
congentratlon decrease. Betw_een the hours of 08:00—12:4%|_, 2005). Despite its high relative abundance and ubig-
particulate water-soluble organic carbon (WSOC) concentrayitoys presence in the atmosphere, many characteristics of
tions increased and decreased in a manner consistent Wit§oa are not well understood and require better characteri-
that of NGy, and the two were highly correlate®?=0.88)  ,ation. These include chemical composition, relative contri-
during this time. A box model was used to analyze these beytions from anthropogenic and biogenic sources, and major
haviors and showed that, for both I§@nd WSOC, the con-  t5rmation mechanisms. These uncertainties inhibit the accu-
centration increase was caused primariy6—85%) by sec-  yate modeling of SOA concentrations (e.g., Henze and Sein-
ondary formation, with a smaller contribution-{5-25%)  fg|q 2006).

from the entrainment of air from the free troposphere. For One route for SOA formation is through gas-phase oxi-

_ o 0 : ) )
NO;, a majority €-60%) .Of Fhe midday concentration de dation of volatile organic compounds (VOCSs), which leads
crease was caused by dilution from boundary layer expan-

sion, though a significant fractiom~@0%) of the NG to less volatile products that may condense into the aerosol

loss was due to particle evaporation. The WSOC concenphase' Many of the condensed species are subsequently

tration decrease was due largely to dilution76%), but semi-volatile_ (ie., they exi_st in b(.)t.h the gas and_ particl_e
volatilization did have a meaningful impact25%) on the p_h_ase at typical atmospherlc condltlons) and contribute sig-
decrease, as well. The results provide an estimate of ambie ificantly to organic aerosol mass (Seinfeld and .Pankow,

. - 003). Though this broad conceptual framework is gener-
SOA evaporation losses and suggest that a significant frac{;lII accented. the semi-volatile nature of SOA is not well
tion (~35%) of the fresh MCMA secondary organic aerosol y pted,

(SOA) measured at the surface volatilized. constrzfuned. )
Multiple smog chamber experiments have analyzed SOA

volatility, including Offenberg et al. (2006), Kalberer et
al. (2004), and An et al. (2007). These studies have pro-
vided information about the volatility of specific secondary
products (i.e., the volatility of SOA fronx-pinene/ozone
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examined through simple box model analyses that involve

~ & 2 e 2 - a comparison with ammonium nitrate (WNOs), a semi-
s i ‘ 5 5 volatile species whose thermodynamic properties are well
2 0 g understood.
o 2 3,
2 i
0 2 Methods
1 — Temperature ~ —— RH 100
o 254 80 § Measurements of aerosol and gas-phase species were made
2 201 o H in March, 2006 as part of the Megacity Initiative: Local and
§ 15_5 g Global Research Objectives (MILAGRO) field campaign.
§ "\../ 40 5 The study was focused on examining the chemical nature
(o 20 R and processing of pollution outflow from the MCMA. Data
e e e e e reported here are from the ground-based measurement site,
~ 1000] e U 10 T1, located approximately 30 km downwind of the MCMA
E [, E city center at the Universidad Tecigica de Teamac (lat
g 8007 02 19.708, lon-98.982, elevation 2.2 km). Measurements at T1
2 0007 [® 8 were performed from 7—31 March 2006; however the present
B 400 43 analysis focuses only on the period of 27—29 March. The se-
3 200 2 < lected period was characterized by consistent diurnal behav-
R __ al____ LML ior of PM2 5 mass and the highest daily maximum N©on-
o S o S centrations (Fig. 1). It was also the period least impacted by
Central Standard Time biomass burning (Stone et al., 2008), which along with SOA

is a source of fine particle WSOC (Sullivan et al., 2006). All

Fig. 1. Time series of measured NOWSOC, solar radiation, tem- ¢ centrations are reported at ambient temperature and pres-
perature, wind speed, and RH for 27-29 March. Concentrations Ogure

NO3 and WSOC began to rise shortly after sunrise and model re-

sults (not shown) indicate that approximately 75% of the moming Mets for aerosol measurements were located approxi-
concentration increases were due to secondary aerosol formation.Mately 10 m above the ground and were fitted with cyclones

(URG, Chapel Hill, NC) to select particles with aerodynamic
diameters less than 2.6n (PM.5). Water-soluble organic
. . . carbon (WSOC) aerosol was measured with a particle-into-
analyzing the data (thermograms) from certain organic car-quuiol sampler (PILS) coupled to a total organic carbon an-
bon analyzers (Yu et al., 20.04)’ bu? the analyses were C(.)nélyzer (Sievers, Boulder, CO) (Sullivan et al., 2004). The
ijCted E.lt temperatu_r_e heatmg _p_roflles such that eIuc'datmsiblLS—WSOC m;athod pro'vides an approximaté measurement
information on volat|I.|ty in conditions relevant to the atmo- of SOA mass (Sullivan et al., 2006; Kondo et al., 2007).
sphere was not possible. Biomass burning is also a source for particulate WSOC and
Numerous studies focused on ambient aerosol have exammnay account for some of the measured background WSOC
ined a semi-volatile fraction of the bulk organic aerosol us- gpserved in Mexico City. Stone et al. (2008) applied a chemi-
ing a sampling-based operational definition (e.g., Modey ancta| mass balance model to source apportion particle OC at T1
Eatough, 2004). Semi-volatile organic matter (SVOM) is de-anq attributed less than 10% of total OC to wood smoke for
fined as those compounds which penetrate a quartz filter bihe 3/27-3/29 period. Additionally, the low correlation be-
are collected on a backup charcoal impregnated glass fibagyeen a biomass burning tracer, acetonitrile (de Gouw et al.,
filter in a gas-denuded sample stream. Using this operationaQooe), and WSOCK2=0.18,7=467) during the 3/27—3/29
definition, SVOM has been found to contribute significantly period supports the findings that biomass burning contribu-
to PMzs mass in urban and rural locations in both winter tjons were low. Biomass burning contributions during other
and summer seasons (Wilson et al., 2006). Using the samgeriods of the study were significantly higher. Aerosol inor-
operational definition, Eatough et al. (2003) coupled SVOM ganic ionic components were measured by a PILS coupled to
measurements with a source apportionment model to invesqyal ion chromatographs (IC) (Metrohm, Herisau, Switzer-
tigate sources and composition of aerosol in Utah. During aand) (Orsini et al., 2003) to quantify a suite of both cations
period in 2000 that was heavily influenced by biomass burn-znd anions. Denuders were employed to remove potential
ing, they found that over 50% of SOA was semi-volatile. interfering gases (e.g., HNQ NHg) from the sample air
Though some studies have investigated the volatility ofstream immediately upstream of the PILS. Hydroxyl (OH)
SOA, overall knowledge of ambient SOA volatility remains and peroxy (R@) radical concentrations were measured with
low. In this paper, the semi-volatile nature of SOA mea- a chemical ionization mass spectrometer (CIMS) (Sjostedt et
sured in the Mexico City Metropolitan Area (MCMA) is al., 2007). Measurements of nitric oxide (NO) and photolysis
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rates (J values) were made with a chemiluminescence detec- ® Nitrate 5~ Aerosol water —e- Percent aerosol nitrate
tor (Ryerson et al., 2000) and an actinic flux spectroradiome- %07
ter (Shetter and Muller, 1999), respectively. Ozong)(@as
measured with a commercial UV photometrig @nalyzer
(TECO, Model 49C). Although no data is presented, am-
monia (NH; (g)) was also measured at T1 and was gener-
ally found to be plentiful, consistent with an observed neu-
tral aerosol indicated by the simultaneous presence of signif-
icant SCZ* and NG; concentrations (Fountoukis and Nenes,

2007). Data from the National Science Foundation (NSF) o008 39006 Siaor2006 3r0/2008

C-130 aircraft also involved in this study are used in the fol- Central Standard Time

lowing analysis to assess the impact of dilution due to bound-_ )

ary layer expansion. This includes PILS-instrumentation forF'g' 2. ISORROPIA-II model output (Percent aerosol nltrate.and
measurements of inorganic ions and WSOC using methodgemso' water) and measured N@r 27-29 March. Based on ris-

L . o . ° ing morning temperature and decreasing RH, a sharp decrease in
similar to the T1 site, but modified for aircraft operation (Sul- the predicted aerosol water concentration was followed by a rapid

livan et al., 2_006; Peltier et al., 2008)-_ _In contrast to the T1gqyilibrium shift in NQ; from the aerosol to the gas phase. This
surface that involved aerosol composition measurements resquilibrium shift produced-40% of the observed nitrate concen-

stricted to PM s, the aircraft measured P]. Nitric acid tration decrease.

(HNOs (g)) was also measured from the NSF C-130 dur-

ing this mission by chemical ionization mass spectrometry

(Crounse et al., 2006). 3 Results and discussion

The ISORROPIA-II (Nenes et al., 1998; Fountoukis and
Nenes, 2007) thermodynamic equilibrium model was used3-1 NHiNO3 formation
to simulate the thermodynamic partitioning of §IO The N . 5 _
model uses inputs of ambient temperature, relative humidityNH4 and NG, were highly correlatedg“=0.82) during the
and total concentrations (gas + particle) of inorganic specieghree days investigated and dominated the inorganig M
to predict the equilibrium state of each species along withfraction, accounting for an average of 57% of measured inor-
the aerosol water concentration. Application of the model inganic mass (sum of chloride, nitrite, nitrate, sulfate, sodium,
Mexico City during the MILAGRO study produced predic- ammonium, calcium, and magnesium). Concentrations of
tions that agreed with measured concentrations within 209420th species increased rapidly with increasing solar radia-
(Fountoukis et al., 2007). tion starting at appr_oximately 07:3_0 (Central Standard Time,
A box model was constructed to investigate the processes> 1+ YTC —6h) (Fig. 1), suggesting photochemical aerosol

affecting WSOC and N concentrations. From Seinfeld ormation. The NG concent;ation reached its daily m?‘:"Xi'
and Pandis (1998), the governing equation for an EuleriafMum near 11:00 of 18.6gm~, an increase of 138gm—
box model with a well-mixed and expanding boundary layer OV€r Pre-sunrise concentrations. The box model was applied

-3,

Aerosol water (ug m ")

80 ]

60

(_ w brl) areaN

€

40

Percent aerosol nitrate

20

o-

is to investigate the contribution of secondary nitrate formation
to the observed increase. The model was run for the hours
de 1 dH 09:00 to 11:00, when BL data were available, and the results

1 u 9 1 a_ .
Qi+Ri_%Si+E(C,‘_Ci)+77(C,‘ ) (1)

dt H(t) likely apply to the early morning hours as well. For the pur-
pose of modeling N@ in the morning at T1, a number of
wherec; is the specieg concentrationpfJ is the species assumptions were made to simplify the model. The removal
background concentrationy is the specieg concentration  rate, S;, was neglected because the dry deposition velocity
aloft, Q; is the emission rateg; is the chemical production for 0.1-2.5.m particles (0.01-0.2 cnt$ (Seinfeld and Pan-
rate,S; is the loss ratey is the wind speed (with constantx dis, 1998)) is not important on the timescale of several hours.
direction), andH (¢) is the boundary layer (BL) height. Di- Wind speeds, which generally ranged from 1-2thduring

rect measurements of BL height data were taken from Shawthe period of interest (Fig. 1), were too low to make advec-
et al. (2007). Though BL height data were not available ontion an important process on the timescale of several hours,
3/29, consistencies in meteorological parameters and pollueither. Each day before 11:00, ISORROPIA-II predicted that
tant profiles (Fig. 1) suggest that the BL growth on 3/29 wasgreater than 90% of total nitrate (N®@HNOs (g)) parti-
similar to 3/27 and 3/28. A conservative tracer, water vaportioned into the particle phase (Fig. 2) due to thermodynamic
was used to estimate dilution from BL growth on 3/29 by conditions that favored the condensed phase, including low
using the aloft water vapor mixing ratio measured by the C-T, high RH, and excess ammonia gas @YHFountoukis
130. The mean uncertainty in the box model results, due teet al., 2007). Thus all predicted HNCg) produced was
uncertainty in BL height measurements and in the measuredssumed to contribute to the observed aerosol nitrate load-

pollutant concentrations, was estimated to485%. ing. The HNQ (g) formation rate ggm—3hr-1), R;, was
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Table 1. Average box model predictions for the effects of secondary formation and entrainment praNDWSOC increases, and the
effects of dilution and evaporation on NCand WSOC losses. The three WSOC columns represent aloft WSOC concentrations of 0, 0.7,
and 1.4.g C n—3, respectively (denoted in parentheses).

Nitrate® WSOC(0P WSOC(0.79 WwWSOocC(1.4}

AM concentration increase 13.9 1.9 1.9 1.9
AM aloft concentration 6.4 0 0.7 1.4
AM % increase from entrainment 23% 0% 15% 36%
AM % increase from secondary formation 77% 100% 85% 64%
Peak concentration 18.6 4.8 4.8 4.8
Noon Observed loss 15.1 2.68 2.68 2.68
Noon Dilution loss 9.1 2.34 1.99 1.65
Noon Volatility loss 6.0 0.34 0.69 1.03
Noon Volatility loss (% of total loss) 40% 13% 26% 38%
Noon Volatility loss (% of AM increase) 43% 18% 36% 54%
Noon Volatility loss (% of peak concentration) 32% 7% 14% 21%

@ concentrations in units gfg m—3
b concentrations in units gfg C m—3

calculated ask*[NO,]+[OH], wherek is the temperature- gest that the predictions of nitrate production were low, and
dependent kinetic rate constant (Sander et al., 2006}, NOthat the contribution from photochemical production to the
was calculated from observations of NO3,@ values, and  NOj increase was perhaps as high as 90-95%.
RO, assuming photochemical steady state, and OH was mea- Qverall, the present results qualitatively agree with previ-
sured. Afterincorporating the stated assumptions, the simplipus studies (Salcedo et al., 2006; Volkamer et al., 2006) in
fied form of the model was the MCMA, which observed a similar morning production
de; 1 dH of HNOj3 (g) immediately followed by NHNO3; formation.
o= k[NO2][OH] + —— ——(¢{' —c;) (2)  This morning photochemical NPproduction appears to be

t H(t) dt .

a common phenomenon in the MCMA.

The model was then solved fof, the NG; concentration in
air entrained by the expanding BL and the two right hand3.2 Nitrate loss
terms (photochemical production and dilution) were com-
pared. From 09:00-11:00, the BL expanded from, on aver-The NQ; peak was short lived, as concentrations began to
age, 510m to 1100 m. Model results indicate that approx-drop precipitously at approximately 11:00 (Fig. 1). Over
imately 75-80% of the observed nitrate concentration in-the period betweery11:00 and~12:45, the N@ concentra-
crease was due to secondary photochemical production (Taion decreased by an average of 16dim~3, an 81% drop
ble 1). By comparison to the observed N@oncentration,  from the peak concentration. This decrease occurred while
mass conservation indicated that the averagg MOncen-  the HNG; (g) production ratek[OH] [NO>]) remained rela-
tration in the entrained layer was /4 m—2 and was re- tively high. Causes of this concentration decrease following
sponsible for approximately 20-25% of the observed;NO the late morning maximum are hypothesized as a combina-
increase. tion of boundary layer dilution and chemical processes (i.e.,

On 3/29, the C-130 flew in the vicinity (0—90km) of T1 particle evaporation). Precipitation data showed that wet de-
between the hours of 11:00-15:00 CST, including a pass diposition was not important on any of the days in question.
rectly over the site at 14:00. During this time, the plane flew We first investigate the role of chemical processes, followed
primarily within the BL, but did sample out of the BL on by the effects of meteorological processes on ambient con-
several occasions. Sampling in versus out of the BL was deeentrations.
termined by water vapor concentration, which showed rapid The effect of a thermodynamic phase shift on N@as
changes with minor altitude changes when the threshold wasxamined with ISORROPIA-II and model results are shown
crossed. During this time, the mean concentration of totalin Fig. 2. Based on rising ambient temperature and decreas-
nitrate (NG; +HNOs3 (g)) in the 1 km layer above the BL was  ing relative humidity, the model predicted a rapid phase shift
1.5+1.3 (one standard deviatiopg m~3. Assuming these of NOj3 to HNO;3 (g). NH4NOg3 is semi-volatile and is sen-
aloft measurements are representative of what was entrainegitive to changes in RH and temperature (both of which di-
into the BL during the morning nitrate production, they sug- rectly impact aerosol water content), with higher temperature
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(lower RH) favoring the gas phase and lower temperature PN T S S B SRS
(higher RH) favoring the particle phase. (Recall thatg\NH A 3127/06, R° = 0.92 (n = 10)
(g) was ubiquitous at this site). It is notable that the pre- o 3/28/06, Rz=0-85 (h=12)
dicted equilibrium shift coincided with the large observed S R
decrease in NQ concentration (Fig. 2). ISORROPIA-II pre- T Threeday L RE=088 (0 =32)
dicted an average morning aerosol water concentration max-.~
imum of 15.4ug m~3, followed by a rapid concentration de-
crease to 1.2gm 3 that preceded the NP concentration
drop by approximately 1 h. Given additional time for aerosol
evaporation following the water loss, the timescale of this
observed delay is consistent with the analysis of Fountoukis
et al. (2007). The observational data and model results agree
well and suggest that, despite continued production of BINO
(g) and available NKl(g), changing ambient conditions pro-
duced a rapid shift in the equilibrium of the system towards T B e e e e e e LA
the gas phase and were responsible for some fraction of the 5 10 s 15 20
observed N@ loss. Nivate (kg m )

Dilution must also be considered because the boundar¥ig. 3. Correlations between Npand WSOC during the hours of
layer underwent rapid expansion during the nitrate decrease8:00-12:45 on the three days of interest. The high correlation sug-
With two assumptions, the box model was also used to asgests similar sources and atmospheric processing of the two species.
sess the relative contribution of BL dilution on the N©on-

centration decrease.. The aver_ageg\lI@ss, if dilution V\gs methodology was different from that used in the Nenaly-
the sole factor contributing to its decrease, wasl@g ™ giq | this case, since the WSOC (or SOA) chemical produc-
(Table 1). Because of the thermodynamic shift pred|ctedtiOn rate ;) is unknown, the model used measured concen-

by ISORROPIA-II, the _d;fference between the observedyaiiong of WSOC aloft and conservation of mass principles
NO; decrease (15/4g m™) and that predicted by dilution 1, e gict secondary formation. The C-130 measurements
(9.1ugm3) was attributed to volatility. Thus gm=3,  on3/29 indicate that the average WSOC concentration in the
or 40%, of the concentration decrease was from particley m layer directly above the BL was G:D.7 (one standard
evaporation while 60% was due to dilution. This analy- deviation)g C 3. Using the mean of measured aloft con-
sis incorporated two major assumptions that set the evapeentrations, the model predicted that5% of the concentra-
ration estimate as a lower bound. First, the effect of con-tion increase was due to entrainment and rougt®$% was
tinued HNGQ (g) production and its conversion to NNO3 gue to SOA formation (Table 1). Similar rapid morning pho-
throughout this time was neglected. The second assumptiogychemical production of SOA has been observed previously
was that the N@ concentration aloft was neglected. Due jj the MCMA (Salcedo et al., 2006; Volkamer et al., 2006).
to ISORROPIA-II predictions, we assume that anyNén-  Because of the relatively large variability in the aloft WSOC
trained during this time evaporated and any HN@) formed  concentrations, Table 1 also presents box model results for
remained predominantly in the gas phase. Any;Ni@the  aloft WSOC concentrations of 0 and .4 C m~3 (mean=t
entrained air that did not evaporate or photochemicafNO one standard deviation). The results indicate that the contri-
formation during this time would translate to volatility losses bution from photochemical production to the morning con-
greater than the 40% estimated by the above method, thusentration increase was in the range of 65-100%.
our estimation method is likely conservative. The WSOC increase from SOA formation was approxi-
It should also be noted that shortly after the concentra-mately the same relative enhancementN&perienced due
tion decrease, the ND(and WSOC) concentration increased to secondary photochemical formation (Table 1). For the en-
rapidly (Fig. 1). This smaller mid-afternoon increase is nottire three-day period, WSOC and NQwere highly corre-

(&)

WSOC (ug C m
w IS
| I ST R T ST T AT SR S S ST

N

investigated in this paper. lated (R?=0.80), however between 08:00 and 12:45, the cor-
relation (R?=0.88) was even stronger (Fig. 3). The high cor-
3.3 Photochemical WSOC production relations suggest that during these periods the sources and at-

mospheric processes affecting both species were likely very
For the three-day analysis period, the WSOC concentratiorsimilar. That is, the similar contributions of entrainment and
increased an average of 1§ Carbon 3 (L gCm3) over  secondary formation made to NGand WSOC concentra-
the three-hour period from 08:00 to 11:00 each day and hadions help explain the high correlations. Because the contri-
an average peak of 4.8 C m~23 before noon (Fig. 1). The butions from biomass burning were presumed to be small, it
box model was also run to assess the contribution of SOASs likely that anthropogenic sources were responsible for the
formation to the WSOC concentration increase, though themajority of the observed NDand WSOC. Furthermore, the
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strong WSOC-NQ@ correlation is also suggestive that OH son et al. (2006) found the semi-volatile character of a large
was the primary oxidation pathway in the observed SOA for-fraction of the organic aerosol (primary plus secondary) to

mation. be similar to that of NEHNOs in filter sampling performed in
both urban and rural locations.
3.4 WSOC loss Finally, additional airborne measurements made over the

sampling sites during MILAGRO have been used to investi-
Similar to Nq, the WSOC concentration experienced a gate the production of SOA and [\chy Changes in concen-
daily decrease shortly after the morning maximum. Be-trations with respect to CO as plumes were advected away
tween~11:00 and~12:45, the WSOC concentration de- from the urban region (Kleinman et al., 2008). They found
creased an average of 2,68 Cm 3, a 56% decrease from that NG; and SOA production differed; SOA was still pro-
the peak concentration. Using the average aloft WSOC cong;ced relative to CO when net NCproduction had appar-

: 3 .
centration (0.4, Cm*) measured on 3/29, the box model enty stopped. They concluded that this was due to the more
was used to investigate WSOC losses between 11:00 angbmi-volatile nature of NQ, compared to SOA.

12:45 as well. During this time, average BL expansion was
from 1100 m to 2040 m and the average WSOC loss du
to dilution was 1.99.gCm 3. WSOC loss due to evap-
oration was 0.6%.g Cm~3, on average, and accounted for Here we attempt to address and justify the major assumptions
~25% of the observed concentration decrease. This decreasged for the modeling analyses. First, in the model assess-
was substantial, as15% of WSOC at its peak concentra- ment of Nq formation, NG was calculated from measure-
tion (4.8,.g C m~3) and~35% of the newly formed WSOC  ments of NO, @, RO, and J values assuming photochemical
(1.9ugCm3) likely volatilized (Table 1). Similar to the  steady state. This assumption will impart added uncertainty
NO; analysis, the production of WSOC during the concen-to the estimated HN®(g) formation rates, and will add
tration decrease was ignored. Any production during thisyncertainty to the predictions of photochemical/entrainment
time would yield an under-prediction of the evaporation con- contributions to concentrations. The model results predicted
tribution to observed WSOC losses. a higher aloft nitrate concentration (64 m=3) than that
Because of the high relative variation in aloft WSOC con- observed (1.5:g m~23), something which may be due to an
centrations, the box model was also run with alternate in-under-prediction of HN@ (g) formation rates. If HN@ (g)
puts (0 and 1.4g C 3 aloft WSOC concentrations), and  formation rates were under predicted by this degree, the con-
the results provide an estimate of the range of WSOC lossegibution of photochemical production to the morning NO
due to evaporation (Table 1). For an aloft WSOC concen-increase would be greater (90-95%) than predicted levels
tration equal to zero, the average evaporation loss was only77%). Overall, though, both results indicate that the major
0.34ug Cm 2. This represents less than 20% of the newly factor affecting morning N@ concentrations was its produc-
formed WSOC, and less than 10% of the peak WSOC. Fotjon through photochemical processes.
an aloft WSOC concentration = 1,41 C 3, the average A second major assumption, necessitated by unavailable
evaporation loss was 1.9y C 3. This represents greater BL height, was the use of water vapor as a conservative tracer
than 50% of the newly formed WSOC, and greater than 20%o estimate BL dilution on 3/29. Consistencies in meteoro-
of the total WSOC at its peak. logical parameters and pollutant concentrations and profiles
These findings provide insight into the semi-volatile nature (Fig. 1) suggest that the BL behaved similarly on 3/27, 3/28,
of ambient SOA, an area in which knowledge is currently and 3/29. Using 4480 ppm as the aloft mixing ratio based on
limited. Specifically, the results suggest that, on averagethe C-130 observations made on 3/29, the water vapor tracer
a meaningful fraction of the observed newly formed (1-3 hmethod predicted dilution values on 3/27 and 3/28 that were
old) WSOC mass possessed similar semi-volatile propertiesvithin 20% of those observed. This suggests that the use of
to NH;NO;3 at the T and RH recorded here (Fig. 1), though water vapor to estimate dilution on 3/29 was reasonable.
NO3 evaporation losses by this analysis were about 50% Finally, the modeling of WSOC was based on aircraft
greater (evaporation caused 40% of total NIoss, 26% of ~ measurements above the BL to determine an aloft WSOC
total WSOC loss) than those of WSOC (Table 1). This im- concentration. The major assumptions in this analysis were
plies that, similar to NENOg3, the loss of aerosol water af- 1) that the aircraft measurements were representative of the
fected WSOC as well. In contrast, a study by Loeffler et air entrained during BL expansion, 2) that measurements on
al. (2006) found that when aqueous particles containing gly-3/29 were representative of conditions on 3/27 and 3/28, and
oxal and methylglyoxal were evaporated, there was minimal3) that the WSOC in the entrained air was not volatile. First,
loss of particulate organic mass due to oligomer formation.the aloft water vapor mixing ratio used to estimate dilution on
However, other studies report on a fairly volatile SOA or total 3/29 came from measurements on the same flight, and dur-
organic aerosol. Grieshop et al. (2007) found the partition-ing the same times that the aloft WSOC determinations were
ing of fresh biogenic SOA generated in a smog chamber tanade. As discussed, using these water vapor values, the dilu-
be reversible when subjected to isothermal dilution, and Wil-tion on 3/27 and 3/28 were predicted within 20% of observed

& Model assumptions
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values. This suggests that the aircraft measurements abowvdgh correlation and similar model results indicate that the

the BL on 3/29 were representative of air that was entrainedwo likely share common sources and that the fresh SOA ob-

due to BL expansion on all three days. The aircraft measureserved was anthropogenic, with OH reaction being the initia-

ments were also in fair agreement with the surface measuregor. The results provide novel insight into the semi-volatile

ments during BL sampling. For approximately 40 minutes nature of fresh, anthropogenic, ground-level SOA, however

in the mid-afternoon (13:46-14:23, CST), the C-130 madetheir translation to other environments requires further exam-

measurements within the BL that included passage over Tlination.

During this time, the ratio of mean NQ SO;~, and WSOC _

concentrations measured via PILS on the C-130 to mean corﬁ:kmw'quememgh's research and the measurements at the
exico City T1 site were funded by the National Science Foun-

(?entratlons_ qn the ground were 0.52, 1.01, a_nd 0.79, reSpe(%i'ation, through grant ATM 0513035. Aircraft measurements were
tively. Additionally, as has been stated previously,

X _the Me-fnded through the National Aeronautic and Space Administration

teorology and pollutants (magnitude of concentrations angnrough grant NNGO6GA68G. A. Nenes acknowledges the support

diurnal patterns) were remarkably similar on all three daysof the National Oceanic and Atmospheric Administration, grant

(Fig. 1). Because of this, the concentrations of species miXNMRAC000-5-04017; and the US Environmental Protection

ing down with BL expansion were likely similar on each day. Agency, grant X83234201. The authors would also like to thank
The properties of WSOC in air entrained with BL expan- Will Shaw for providing boundary Iayer data, and Paul Wennberg

sion also add uncertainty to the model results. KalbererSupported by NASA grant NNGO6GB32G) for nitric acid data.

et al. (2004) found that the volatility of chamber-generated

SOA decreased significantly with time. It is likely that

WSOC above the BL was aged, and thus was less volatile

than the WSOC formed in the morning at the surface. If

the entrained WSOC was completely volatile (or if the References
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