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Abstract. A photoacoustic spectrometer, a nephelometer, arl.  Introduction

aethalometer, and an aerosol mass spectrometer were used

to measure at ground level real-time aerosol light absorp-About 20% of the Mexican population lives in the Mexico
tion, scattering, and chemistry at an urban site located irCity metropolitan area (MCMA) in a megacity environment
North East Mexico City (Instituto Mexicano del Petroleo, with approximately 23 million occupying less than 1% of
Mexican Petroleum Institute, denoted by IMP), as part ofthe Mexican territory according to the 2005 census. Mexico
the Megacity Impact on Regional and Global EnvironmentsCity consists of 125 town councils, and 16 delegations and
field experiment, MILAGRO, in March 2006. Photoacous- consists of 23 842 kof territory, although a large part of
tic and reciprocal nephelometer measurements at 532 nm a¢his area includes mountains and rural zones without urban-
complished with a single instrument compare favorably withization (ttp://www.inegi.gob.mx This megacity has devel-
conventional measurements made with an aethalometer ar@ped with a significant dependence on its transportation sys-
a TSI nephelometer. The diurnally averaged single scattertem. Most of the air pollution in Mexico City comes from
ing albedo at 532 nm was found to vary from 0.60 to 0.85the combustion of fossil fuels (gasoline and diesel) in motor
with the peak value at midday and the minimum value atvehicles. Approximately 75% of the 4 million tons of pol-
07:00 a.m. local time, indicating that the Mexico City plume lutants generated yearly in the metropolitan area comes from
is likely to have a net warming effect on local climate. The motor vehicles according to the Mexican emissions inventory
peak value is associated with strong photochemical genergMar et al., 2001). Biomass burning (BB) can also be a rel-
tion of secondary aerosol. Itis estimated that the photochemevant pollution source during the dry season (March—June),
ical production of secondary aerosol (inorganic and organic)especially for particulate matter (PM) (DeCarlo et al., 2008;
is approximately 75% of the aerosol mass concentration and/olina et al., 2007; Yokelson et al., 2007), although the im-
light scattering in association with the peak single scatteringoortance is significantly higher aloft and in the outflow than
albedo. A strong correlation of aerosol scattering at 532 nmon the ground inside the city, and BB impacts on the ground
and total aerosol mass concentration was found, and an awere highly variable in time during MILAGRO (Aiken et al.,
erage mass scattering efficiency factor of 3%grwas de-  2009; Stone et al., 2008).

termined. Comparisons of photoacoustic and aethalometer The seasonal variation of the daily maximum vertical com-
light absorption with oxygenated organic aerosol concentrafponent of solar irradiance at the top of the atmosphere above
tion (OOA) indicate a very small systematic bias of the fil- Mexico City varies between 1040 Wnat the winter mini-

ter based measurement associated with OOA and the peakum and 1327 W/rat the summer maximum due to its sub-
aerosol single scattering albedo. tropical location at latitude 19 degrees north. Solar radiation
and the relatively high elevation of Mexico City give rise to
strong ventilation of the city where residence times for pol-
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(de Foy et al., 2006). Stagnant conditions associated wittand secondary organic aerosol or SOA) with the main pri-
low wind speeds can produce locally high concentrations ofmary species being primary organic aerosol or POA, black
pollutants, depending on the wind direction. The topogra-carbon, and crustal material. Salcedo et al. (2006) described
phy surrounding the MCMA basin gives rise to characteristicthe rapid formation of ammonium nitrate in the local Mex-
flow patterns on different days with flow associated with con-ico City atmosphere, while ammonium sulfate seemed to be
vergence and pollution buildup in the south of MCMA, flow formed more slowly and over larger regional scales. Ammo-
that drains to the northeast, and “cold surges” associated withium chloride was also observed in small concentrations, but
low atmospheric boundary layer heights where cold air fromits diurnal cycle seemed to reflect primarily its semivolatile
the north drains through the Chalco passage in the southeasharacter. Volkamer et al. (2006) showed that formation of
of the MCMA (de Foy et al., 2006). These flow patterns give SOA was rapid and exceeded the predictions of current mod-
rise to pollutant concentrations that can vary markedly fromels by almost an order of magnitude.
day to day; however, it is the purpose of this paper to seek an This paper reports diurnally averaged aerosol light scatter-
understanding of the average diurnal behavior of aerosol coning and absorption measurements made using photoacous-
centrations and optical properties during the month of March tic, nephelometer, and aethalometer instruments during the
2006. MILAGRO campaign in March, 2006. Aerosol mass spec-
Aerosol light scattering and absorption have considerableérometer measurements of the submicron speciated organics
radiative impacts that can lead to cooling or heating, respecand inorganics were also diurnally averaged. These measure-
tively. A comparison of the intensity of global radiation in ments are combined to show the radiative and chemical im-
Mexico City with that over a nearby rural area for the same pacts of primary and secondary aerosols in the MCMA. The
time was performed to estimate attenuation of the solar beargiurnal variation of aerosol chemistry and optics is used to
by the smog layer (Jauregui and Luyando, 1999). Thesestimate the contributions of secondary aerosol formation to
authors found that reduction of total solar incoming radia- particulate mass and light scattering.
tion is on the order of 21-22% on non-cloudy days during
both the dry and the rainy seasons. Inorganic and organic
aerosols tend to strongly scatter and backscatter visible s@2 Experimental
lar radiation, and are associated with a cooling effect on
climate (Charlson et al., 1992; Haywood and Ramaswamy2.1 Sites
1998). Black carbon aerosols strongly absorb radiation from
the near infrared through the ultraviolet and tend to have @'he MILAGRO (Megacity Initiative: Local and Global Re-
warming effect on climate (Andreae, 2001; Haywood andsearch Observations) campaign took place in Mexico City in
Ramaswamy, 1998; Jacobson, 2001). Black carbon has longhe MCMA during the month of March 2006itp://www.
been associated with “elemental carbon”, though other careol.ucar.edu/projects/milagro The campaign was carried
bonaceous species absorb light as well, particularly at UVout to better understand the local, regional and global impact
wavelengths (Andreae and Gele@cs2006; Kirchstetter et of pollutants generated in megacities, considering health ef-
al., 2004). A more apt name for aerosol light absorption byfects and visibility issues as well as climate impacts. The M-
organic carbon species is brown carbon because of their sa-AGRO field experiment involved more than 400 researchers
lective absorption at shorter wavelengths (Sun et al., 2007).from over 120 institutions in the USA, Mexico, and sev-
Filter-based measurement of aerosol light absorption byeral other countries. The campaign involved coordinated air-
organic species is complicated because they can exist in theraft and ground-based measurements supported by exten-
liquid state and wet the filter material (Subramanian et al.,sive modeling and satellite observations (de Almeida Cas-
2007). Calibration efforts for the filter-based measurementtanho et al., 2007). Three main sites were strategically cho-
of aerosol light absorption have only considered aerosol asen to characterize the transport and transformation of the
solids rather than as liquids (Arnott et al., 2005; Bond et al.,pollutants carried from the urban area of the city, and to take
1999; Virkkula et al., 2007; Weingartner et al., 2003). A measurements on the ground; one in the urban area of Mex-
recent review of aerosol light absorption issues is availableco City designated TO located in Northeast Mexico City at
(Bond and Bergstrom, 2006). Recent measurements in Houghe Instituto Mexicano del Petroleo (IMP), and the other two,
ton, TX, USA indicate a systematic positive bias of the filter- T1 and T2 were located, respectively at urban and rural lo-
based instrument, the particle soot absorption photometer irations with approximated 32km and 63 km north of IMP
the presence of high secondary organic aerosol concentratiof@Querol et al., 2008).
(Lack et al., 2008).
Analyses of aerosol measurements during the MCMA-2.2 Measurement methods
2003 field campaign (Molina et al., 2007; Salcedo et al.,
2006; Volkamer et al., 2006, 2007) show that the submicronAerosol light scattering and absorption instruments were cal-
aerosol mass in Mexico City during the spring is dominatedibrated, installed, and operated at the TO site. Aerosol light
by secondary species (nitrate, sulfate, ammonium, chlorideabsorption was measured by the photoacoustic spectrometer
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(PAS) method. The PAS provides a fundamental measure€arlo et al., 2006; Jimenez et al., 2003). The AMS pro-
ment of aerosol light absorption based on use of a calibratedides mass concentration of non-refractory inorganic (ni-
microphone to measure the sound produced when light abtrate, ammonium, sulfate, and chloride) and organic aerosol
sorbing aerosol in the acoustical resonator are heated by las¢DA). The organic aerosol can be apportioned among dif-
light absorption and transfer that heat to the surrounding aiferent components using factor analysis techniques on the
(Arnott et al., 1999). The PAS instrument accuracy has beerAMS spectra (Zhang et al., 2005, 2007). For this study
evaluated and confirmed using both gaseous light absorptiothe Positive Matrix Factorization (PMF) method was ap-
by NO, (Arnott et al., 2000) and through the use of the sub- plied on the unit-resolution AMS spectra (Paatero and Tap-
traction of aerosol light scattering from aerosol extinction for per, 1994; Ulbrich et al., 2008) which allowed the quantifi-
laboratory generated external mixtures of kerosene soot andation of hydrocarbon-like OA (HOA), oxygenated organic
ammonium sulfate (Sheridan et al., 2005). The PAS usedierosol (OOA) as a surrogate for secondary organic aerosol
at IMP was operated at 532nm, and conveniently allowed(SOA), and biomass-burning OA (BBOA). PMF of the high-
for characterization of gaseous (i.e. B)@bsorption at this  resolution spectra, which is in progress and will be presented
wavelength as well when a particle filter was used on thein a future publication, shows similar results with more de-
inlet. Simultaneous light scattering measurements are actail on the apportionment (Aiken et al., 2008; Aiken et al.,
complished within the PAS by use of an optical sensor con-2009). The mass concentration measurements obtained with
figured to operate as a reciprocal nephelometer (Rahmah ¢he AMS have an uncertainty of about 20% due to the uncer-
al., 2006). The reciprocal nephelometer measurements dfinty of particle collection efficiency (Huffman et al., 2005;
scattering coefficient have a systematic relative uncertaintySalcedo et al., 2006).
of 15%, and the photoacoustic absorption coefficient mea- Aerosol optics measurements were accomplished under
surements have a 5% relative uncertainty (Lewis et al., 2008)iry conditions owing to the generally low relative humid-
associated with systematic errors noted during repeated calty (below 50%) observed in the instruments. In addition, all
ibrations. Independent light scattering measurements wereneasurements are reported at Central Standard Time (CST),
also obtained at the site by using a three-wavelength TSthe local time in Mexico City. All measurements are reported
Model 3550 nephelometer at 450 nm, 550 nm, and 700 nmat ambient pressure and temperature. To convert concentra-
(Anderson et al. 1996). tions to standard temperature and pressure conditions (STP,
Aerosol light absorption data were also obtained with 1 atm and 273 K) the values reported here should be multi-
a filter-based method, the 7-wavelength aethalometer (37(Qlied by approximately 1.42. It was estimated that the sam-
470, 520, 590, 660, 880 and 950nm). The use of thepling inlets on the instrumentation resulted in an effective
aethalometer to estimate aerosol light absorption in urban losize cut of PM (i.e. one micron). The fraction of the P}y
cations has been discussed previously (Arnott et al., 2005)mass between PMand PM s in Mexico City is typically
In brief, the aethalometer measurement uses light transmissmall (Salcedo et al., 2006; Querol et al., 2008), so slight
sion measurements through an aerosol laden quartz fiber fidifferences in the detailed size cuts of the different instru-
ter. The change of light transmission with time is first used ments should only lead to small differences on the aerosols
to obtain the aerosol absorption optical depth as affected bgampled.
multiple scattering enhancements by the fiber media. Then
the instrument algorithm computes a black carbon mass con-
centration (BC) with use of the measured flow rate, sam-3 Results and discussion
ple time, and an assumed filter multiple-scattering-enhanced
mass-absorption-efficiency that is about a factor of two largerComparisons of PAS with aethalometer absorption and TSI
than would be appropriate for the same particles dispersed inephelometer scattering data are presented in Figs. 1 and 2.
air as an aerosol. The factor of two comes about becaus&he data demonstrate good agreement of the PAS measure-
it is equally possible for light to be going through the fil- ments for scattering and absorption with these other com-
ter in either direction as a consequence of multiple scattermonly employed methods. These comparisons are consistent
ing so that for a clean filter, particles deposited on the filterwith the accuracy demonstrated in previous comparisons of
have two chances for absorbing a given photon. Finally, arlight absorption and scattering using similar instrumentation
empirically derived mass absorption efficiency of 88gn  (Arnott et al., 2005; Rahmah et al., 2006).
was determined, using a PAS and an aethalometer in urban Significant diurnal variations of aerosol light absorption
Las Vegas, Nevada, USA, to be relevant for converting theand scattering were observed and are attributed in part due
aethalometer BC measurements at 520 nm to aerosol lighio changes in the meteorology in the Mexico City Basin
absorption at 532 nm to correct for the filter enhancement ofand the sources of aerosols impacting the IMP site (see
absorption (Arnott et al., 2005). Fig. 3). On the diurnal average, the aerosol light absorp-
Real time chemical characterization of the Plerosol  tion and scattering coefficients were found to vary between
composition was obtained with a High-Resolution Aerosol 20 and 80 Mnt! and between 60 and 170 Mrh, respec-
Mass Spectrometer (AMS) (Canagaratna et al., 2007; Detively. Gaseous light absorption at 532 nm, likely associated
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550nm at the IMP site. Each point is a 30 min average. around 10 as extinction (shaded curve and triangles) diminishes.

Nighttime is the shaded region.

with NO,, was less than 20 Mt on average. The peak

in aerosol light scattering occurs several hours later in thdight absorption at 532 nm ranging from 22 to 66 Mtwith

day than the absorption peak because of aerosol light scattee similar timing of the peak value when the CENICA mea-
ing contributions from photochemically-generated secondarysurements are converted from Central Daylight Savings Time
aerosol mass and perhaps due to diurnal changes in the piie Central Standard Time (Salcedo et al., 2006). The 30 min
mary aerosol sources. Note that the aerosol concentration averaged maximum aerosol extinction coefficient on an av-
night above the boundary layer is typically small (e.g. OOA erage day is about 230 Mm. It is associated with both pri-
background levels are2—3ugm—23 under ambient condi- mary emissions and secondary formation and extends from
tions (Herndon et al., 2008)) and thus the air which is beingaround 06:00 a.m. until 10:00 a.m.

mixed down with the urban air during the boundary layerrise  The aerosol single scattering albedo (SSA) at 532 nm was
in the morning does not greatly perturb the observations preealculated from the scattering and extinction measurements
sented here. The peak in aerosol light absorption is likelyshown in Fig. 3. The SSA absolute uncertainty varies some-
to coincide with the time of early morning traffic rush hour what during the day, but it is typically about 0.03, just as
under low atmospheric boundary layer height before sunrisein McComiskey et al. (2008). Significant diurnal variation
Previous diurnally averaged aethalometer measurements af the aerosol single scattering albedo (SSA) was observed
the Centro Nacional de Investigéaiy Capacitaéin Ambi- as shown in Fig. 4. Daily averaged minimum SSA values
ental (CENICA) supersite located southeast of the TO siteare 0.60 coincident with absorption peaks in the early morn-
in Mexico City in April 2003 showed an equivalent aerosol ing. By noon local time the maximum averaged SSA value
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Fig. 5. Correlation of aerosol light scattering at 532 nm with total Fig. 6. Diurnal variation of aerosol chemistry and optics.
submicron aerosol mass. The mass scattering efficiency is%g8 m
Data are from the diurnal average shown in Fig. 6.

of 0.85 is observed, coincident with boundary layer heightMents around the Mexico City region from the NCAR C-130
development and ventilation that dilute primary emissions@rcraft. For comparison, other mass scattering efficiency
of light absorbing aerosol. Photochemically generated secfactors at 550 nm found in megacity environments include
ondary particle mass produces a rapid increase in SSA aéalues of 4.9 /g in India, and 3.41ffg in Beijing (Bergin
soon as the sun rises to a peak around noon. The diu€t @l 2001; Mayol-Bracero et al., 2002). The linear regres-
nally averaged single scattering albedo is roughly the sam&On shown in Fig. 5 shows a small systematic variation of
for approximately 3h centered on local 14:00 as boundar)lhe aerosol mass scattering efficiency that will be discussed
layer dilution is balanced by secondary aerosol formationater-
and continuing primary emissions of scattering and absorb- Figure 6 displays the diurnal variation of RMlong with
ing aerosol. Direct measurements of aerosol single scatterings components, and the aerosol scattering coefficient at
albedo is especially important because of its strong impact 032 nm. Figure 6 illustrates the close relationship of1PM
direct aerosol radiative forcing (McComiskey et al., 2008). and aerosol light scattering throughout the average day with
Aerosol single scattering albedo values are strongly depena slight tendency of increased aerosol mass scattering effi-
dent on primary sources and secondary atmospheric chengiency during daylight hours. The PMised here is a sum of
istry, as well as other parameters such as the combustioBC, the inorganic species, and the total organic aerosol mass
intensity and flaming and smoldering fraction of biomass (OA). A small negative bias is associated with the omission
burning events. For example, the flaming stage of bushesf crustal material, which however usually only constitutes a
such as sage produces smoke with a SSA of around 0.3 dew percent of the PMaerosol (Salcedo et al., 2006). BC
532 nm (Lewis et al., 2008), very similar to the value found was estimated by dividing the photoacoustic light absorp-
for kerosene and diesel soot (Arnott et al., 2000; Sheridartion measurements at 532 nm by a mass absorption efficiency
et al., 2005), while combustion of pines and duffs results infactor of 8.8 n¥/g. The oxygenated organic aerosol (OOA),
SSAs between 0.9 and 1.0 (Lewis et al., 2008). Aerosol mix-NH4, and NQ, all have a diurnal trend that is distinctly dif-
ing state and chemistry impact optical properties. ferent from the BC diurnal trend, strongly suggesting that a
Previous measurements of total PMin Mexico City, substantial fraction of the OOA, Nfland NQ are produced
2003, have been shown to agree well with the sum of aerosdby same-day secondary photochemical processes in addition
species from the AMS plus refractory BC and soil (Salcedoto a fraction that appears to arise from carryover from the
etal., 2006), and most of the aerosol mass in MCMA is likely previous day and/or from regional background. It should be
in internally mixed particles by the afternoon (Johnson et al.,noted that the biomass burning organic aerosol (BBOA) and
2005; Salcedo et al., 2007). In the current study, total aerosdhydrocarbon-like organic aerosol (HOA) (not shown) gener-
scattering at 532 nm correlates well with total Pierosol  ally follow a diurnal trend very similar to that of BC (Aiken
mass as obtained from the AMS plus refractory BC obtainedet al., 2009). In summary, certain species and properties such
from the photoacoustic measurements of light absorption anés BC and aerosol light absorption, HOA, and BBOA tend to
use of a mass absorption efficiency factor of 8%gram, as  follow diurnal emission patterns and atmospheric boundary
shown in Fig. 5. The mass scattering efficiency of 3%8m  layer dynamics, while others such as aerosol light scattering,
was determined from the linear regression, which is the sam&M;, OOA, NH4, and NG, have a strong diurnal compo-
as the value found by DeCarlo et al. (2008) with measure-nent. We next develop an estimate of the fraction of aerosol
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Fig. 7. Mass scattering efficiency as a function of time of day, and Fig. 9. BC and PM mass concentration scaled to a constant plan-
the OOA. etary boundary layer. The peak RNags the peak solar irradiance
at the top of the atmosphere by two hours.

25 3
2.5 black carbon concentration is also lowest. If BC were emit-
20 Temperature @ .
- 2 ted gt a constant rate through out the day, and the dep05|_t|on
3 2 3 rate is constant, then BC would be a measure of the dilu-
215 > tion during the day as the PBL develops. Figure 9 shows the
2 1.5 ﬁ PM; and BC concentration scaled so that BC is at its peak
E10 2 value all day long. The purpose of this figure is to estimate
S ! é what the PM concentration would be during the day if only
a5 1/Wind Speed NP secondary aerosol generation mechanisms were active, but
§ 1 the PBL was otherwise constant at a fixed height. The peak
0 o normalized-PM occurs a few hours after the peak solar ir-
0 2 4 6 8 10 12 14 16 18 20 22 24 radiance during the day due to generation of aerosol of mass
Hour of Day (hh) by secondary photochemical processes. A second peak oc-

curs in the early morning hours possibly as a consequence of
Fig. 8. Average diurnal variation of the air temperature, black car- the diminishing air temperature that favors condensation of
bon mass concentration (BC), and reciprocal wind speed. Recipyapors on existing particles. The effect of biomass burning
rgcal wiqd speed is proportiona! to air parcel residence time in thePOA is approximately accounted for by the normalization to
city and is a measure of stagnation. BC, since this component has a similar diurnal cycle as BC
(Aiken et al., 2009).

. . . . . In estimating the contributions of aerosol scattering from
light scattering and mass concentration with a diurnal tren%rimary emissions plus carryover from the previous day and

suggestive of same-day secondary photochemical processeg(,ime_d(,jly secondary mechanisms, we will assume that Mex-

Figure 7 shows the diurnal variation of the mass sc.atterin.g'Co City aerosol concentration and optics are due to pri-
efficiency and OOA. The peak value of mass scattering effi-y,ry sources that have concentrations determined mostly
ciency, 4.1 /g, is observed to occur at midday coincident py iyrnal variations in boundary layer dynamics and emis-
with the peak OOA concentration, while the lowest valuesgig strengths, plus secondary sources that are affected both
~3.3 m’—/g_ occur in the late evening and early morning, con- , houndary layer dynamics and photochemical transforma-
sistent with the increased fraction of smaller primary parti- tions. Details of the myriad specific emission rates and sec-
cles. Both aerosol size and composition may affect the masgy,jary formation processes and their temporal variations are
scattering efficiency. simplified into these two classes of aerosols. Denotgsby

The diurnal variation of some of the planetary boundary the fraction of scattering due to secondary as
layer (PBL) characteristics, and BC are shown in Fig. 8. The
reciprocal of wind speed is directly proportional to the res- psecondary  Bgoa— (1‘_02)””‘_ ) Babs
idence time of air parcels in the city, and is a measure offsca= —— = i
stagnation. BC peaks at sunrise when the air temperature
is lowest and the air is most stagnant. By 02:00 p.m. the In Eq. (1), wprim is the single scattering albedo asso-
air temperature is maximum, the air is least stagnant, anaiated with primary emissions. The numerical value of

@)

Bsca Bsca
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[@wprim/(1—wprim)]=1.16 was determined by best fit of the 90%
fsca curve to thefmasscurve discussed below. A value of $0%
wprim=0.54 was found, commensurate with 75% of the pri-
mary aerosol extinction coming from compression ignition
vehicle exhaust having a SSA of 0.4, and 25% of the primary , %
aerosol extinction coming from sources like spark ignition

vehicles and biomass combustion having a SSA of 0.95. The
value ofwprim is lower than the lowest value of the diurnally

averaged SSA in Fig. 4 likely as a result that on the average,
some aerosol carryover occurs from day to day. SSA values  20%

—&— fmass

70%

50% | A

40%

fsca & fmass

30%

aroundwprim Were observed in the morning hours following 10%

days with significant wind and rain that cleared out much of %

the background aerosol. The secondtermin Eq. (1) is a proxy 0 2 4 6 8 M0l 16 18 20 2
Hour of Day (hh)

for the primary emission of light scattering aerosol during all

ho_urs of the day. Equ_atlon (1) assumes that the sources CI‘—fig. 10. Diurnal variation of the fraction of aerosol scattering and
primary aeroso_l emissions that contribute _most of the Scatteliass due to secondary photochemically related processes. The min-
ing and absorbing aerosols do not dramatically change on avimum occurs at sunrise due to relatively strong aerosol contributions
erage during the course of the day. This assumption is likelyby primary sources compared with carryover of secondary aerosol
to be valid during day light hours associated with the normalfrom the previous day. By noon, about 75% of the aerosol mass and
business workday since traffic related emissions dominate icattering is due to secondary photochemically related production
Mexico City, and biomass burning impacts appear to haveof aerosol.
a similar diurnal cycle (Aiken et al., 2009). The quantity
fscais further discussed below after a similar definition of ~ The diurnal variation of the fraction of aerosol scatter-
the fraction of aerosol mass concentration due to secondaring and mass due to secondary photochemically related pro-
processes is developed. cesses is shown in Fig. 10. The minimumfazand fimassis
The fractional aerosol mass due to photochemica| producaSSOCiated with secondary aerosol from regional background
tion can also be estimated. Comparisons of the aerosol mas¥ carried over from the previous day. Some of thesNH
concentration with speciated data given in Fig. 6 are consisiS associated with Sprather than N@. The aerosol frac-
tent with the secondary aerosol species gNNOs, SOy, and  tion arising from secondary processes increases abruptly at
OOA interpreted as a surrogate for SOA) being photochemi-sunrise, peaks at 11:00a.m. to 02:00p.m. and diminishes
cally produced and are hence correlated to the observed diumore gradually into the evening hours. The increase in the
nal variations in precursor concentrations and solar radiationsecondary contribution during daylight hours is inferred as
with the exception of sulfate which is produced more region-the part of the curve foffmassin the non-shaded region of
ally as described above. This interpretation is also consistenftig. 10. Around 75% of the aerosol scattering and mass is
with previous studies (Salcedo et al., 2006; Volkamer et al. due to same-day secondary aerosol mass. While Fig. 10 is
2007). The total secondary aerosol mass concentration cad rough approximation and in particular ignores the impact
be obtained from a sum of these species. The raigss of of crustal species, an estimate of the relative fraction of sec-
the sum of species having sunlight related diurnal variationondary aerosol impacts is useful to help frame the problem
to the total aerosol mass concentration is given in Eq. 2: ~ for the modeling community.
Figure 11 shows the diurnal variations of aerosol light ab-
OOA + NH4 + NO3 + SOy sorption measured with the photoacoustic instrument and the
OA+BC+ 10 ’ (@) aethalometer along with the percentage difference of these
values, with the photoacoustic values in the denominator.
where 10 is the sum of all of the inorganic species measuredrhe aethalometer values are around 15% lower than PAS
by the AMS as given in Fig. 6. Note that chloride has both values from 03:00a.m. until 06:00a.m., consistent with a
primary and secondary sources in Mexico City (Salcedo etreduction of the multiple scattering enhancement factor of
al., 2007; DeCarlo et al., 2007) and since its concentration ighe aethalometer filter media during the time of the lowest
very small, it is not included in this calculation. This rela- SSA (Arnott et al., 2005) . The percentage difference be-
tionship is perhaps specific to Mexico City and may not between PAS and aethalometer instruments has a daily varia-
applicable to other locations having different geography andion of about 25% in total (from a maximum of about +15%
aerosol sources, but does give a measure of secondary aerogola minimum of about-10%). The OOA diurnal varia-
production in a tropical megacity. The species in the numer+ion is also displayed as an indicator of time when secondary
ator of Eg. (2) have a carryover from daylight hours and/ororganic aerosol concentration is highest. The aethalometer
a regional background, so th#hasswould be non-zero even data is about 10% greater than photoacoustic values from
in nighttime hours. 10:00a.m. to 01:00 p.m. coincident with the peak OOA and

fmass=
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100 - S 14 the atmospheric boundary layer height increases and dilutes
AT e | 12 the accumulated primary and secondary aerosol. At this
b, scoon time, 75% of the scattering and aerosol mass is due to same-
10 day secondary aerosol production during daylight hours. A
10% systematic bias was detected for filter-based measure-
ment of aerosol light absorption in the presence of substan-
tial secondary organic aerosol mass concentration and peak
SSA. The average diurnal range of single scattering albedo
A At and secondary aerosol mass and scattering coefficient pro-

i AA vide a reasonable estimate of the range of radiative values

[N o

PAS, AETH (Mm™)
=
(=)
OOA (ug m*)

[
=

ba

20 A Y Lt Y for aerosols being produced and transported from a tropical
0 2 4 6 8 Holl?r ot!%)ayl(?lh) 16 18 20 22 24 megacity. Further work will be needc_ed to makg use pf this
data and other MILAGRO data sets in conjunction with at-

Fig. 11. Percentage difference between PAS and aethalometer ianSpheriC model; to refine the variability impqrtant f‘?r as-

struments as a function of time of day, and the OOA. sessment of the |mpact of ae_rosols on radiative forcing as

well as photochemical production of oxidants and secondary

aerosols relevant to air quality issues.
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