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Abstract. Submicron atmospheric aerosol particles weretios were measured outside of the Mexico City basin, north
collected during the Megacity Initiative: Local and Global of the urban area, along the city outflow direction. The av-
Research Observation (MILAGRO) in March 2006 at three erage carboxylic acid to aliphatic saturated ratio at SIMAT
platforms located in the Mexico City urban area (at the reflected a local increase of oxidized functional group con-
Mexico City Atmospheric Monitoring System building — centration in aged patrticles.

SIMAT), at about 60 km south-east of the metropolitan area
(Altzomoni in the Cortes Pass), and on board the NCAR
C130 aircraft. Organic functional group and elemental com- .
position were measured by FTIR and XRF. The average or—1 Introduction

ganic mass (OM) concentration, calculated as the sum of, . . . .
: . : 3 Atmospheric aerosols impact environmental quality on short
organic functional group concentrations, was 9¢gm—* at

SIMAT, 6.6, m-2 at Altzomoni, and 5.7.gm-2 on the time scales by affecting human health and reducing visibility

C130. Aliphatic saturated C-C-H and carboxylic acid COOH (Chan et al. 1993 Pope et al.1999 . Atmospheric aerosols

. - _also affect climate by scattering and absorbing incoming so-
groups dominated OM (more than 60%) at the ground sites o .
On the C130, a non-acid carbonyl C=0, carboxylic acid lar radiation Charison et al. 1992 Lindberg 1979 and

COOH, and amine Nilgroups were observed in concen- by influencing cloud formation and propertidglFiggans

. T : : .. etal, 2009. The impacts of atmospheric aerosols on the en-
trations above detection limit only outside the Mexico City . . . )

. " vironment depend on particle physical properties and chem-
basin. From the elemental composition of SIMAT samples,. o

. o cal composition.

we estimated the upper bound of average contribution of Organic aerosols represent a large fraction of fine atmo
biomass burning to the organic carbon (OC) as 33-39%. Th% he?ic aerosols bothpin urban an?j rural locatiddgde-
average OM/OC ratio was 1.8 at SIMAT, 2.0 at Altzomoni, P '

and 1.6-1.8 on the C130. On the aircraft, higher OM/OC ra-mann et a}. 1994. Putaqd et a).2004 Zh_ang et al. 2007).
The organic fraction of fine aerosol can include saturated and

unsaturated aliphatic compounds, aromatic compounds, al-
cohols, ketones, aldehydes, carboxylic acids, amines, sugars,

Correspondence td:. M. Russell polyols, and organic sulfur compoundSeinfeld and Pan-
BY

(Imrussell@ucsd.edu ) dis, 1999. Organic molecules that are emitted directly into
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the atmosphere contribute to the Primary Organic Aerosolkhe physical and chemical properties of most of the organic
(POA); Secondary Organic Aerosol (SOA) is formed by ox- fractions Gilardoni et al, 2007 Maria et al, 2002 2003.
idation of organic species in the gas phase followed by con-The organic functional group composition provides informa-
densation of the products (homogenous oxidation), by oxidation about aerosol sources, aerosol aging, and air mass pro-
tion of precursors in the aerosol phase (cloud processing ocessing. The results presented here show that the contribu-
heterogeneous oxidation), or by oxidation and recondensation of oxidized functional groups to OM is generally larger
tion of volatilized primary organic aerosdRobinson et aJ.  in the urban plume.
2007). SOA is typically composed of molecules containing  The aerosol organic mass, here calculated as the sum
oxygenated functional groups, including organic hydroxyl of organic functional group masses, consists of carbon and
and carbonyl groupK@wamura and Ikushimd 993 Kawa- hetero-atoms (i.e. oxygen, nitrogen, sulfur, hydrogen) that
mura and Yasyi2005. Aged and processed aerosols, which are bonded to the carbon skeleton of the organic compounds.
are dominated by SOA over POA, are expected to show & ’he mass of organic aerosols composed mainly by aliphatic
high content of oxygenated functional groups and conse-and aromatic hydrocarbons (like freshly emitted aerosols) is
guently a high organic mass to organic carbon raiiixén close to the sum of the carbon atom masses; the mass of or-
et al, 2008 Turpin and Lim 2001). ganic aerosols characterized by oxidized molecules includes

The Mexico City metropolitan area is one of the most the contributions of oxygen, nitrogen, and sulfur atoms in
populated areas of the world with a population larger thanaddition to the carbon mass. The organic mass to organic
18 million in 2005. The city elevation is 2240 m above sea carbon ratio (OM/OC) is an index of the contribution of
level, resulting in lower oxygen availability and less efficient hetero-atoms to the organic mass: chemically processed par-
combustion. The low combustion efficiency, older vehicle ticles are expected to have higher OM/OC ratio compared to
fleet, and the vehicle engine tuninBeaton et al.1992 re-  freshly emitted and unprocessed aerosols. The OM/OC ratio
lease a large amount of pollutants into the atmosphere as also relates to the contribution of organic carbon (measured
consequence of fossil fuel and biomass burniglina and  with evolved gas) to the total particulate mass. As such, the
Molina, 2003. In addition to anthropogenic activities, sul- OM/OC ratio together with the molar ratio of oxygenated
fate from Popocateptl volcandl@rquez et a.2005 Raga  functional groups relative to aliphatic C—H groups are used
et al, 1999 Fast et al. 2007, Grutter et al. 2008, dust  here as metrics of both increases in hetero-atoms and oxida-
(Johnson et al2006 Miranda et al. 2004, and forest fires  tion which result from atmospheric processing (sometimes
(Yokelson et al.2007) contribute to the high level of partic- called aging) during the MIRAGE campaign at three sites.
ulate matter. Mexico City is located in a basin on the cen-
tral plateau of Mexico surrounded by mountain ranges on the
west, south and east sides. 2 Methods and instrumentation

This paper introduces the results of analysis of organic
aerosol samples collected in March 2006 at three platform®.1  Sampling
during the Megacity Initiative: Local and Global Research
Observation (MILAGRO). The scope of the experiment was Ambient aerosol samples were collected during the MI-
to observe the effects of transport and aging of urban partiRAGE campaign at three platforms: at the Mexico City
cles on the composition of the organic aeroddblina et al, Atmospheric Monitoring System building (SIMAT), at Alt-
2008. MILAGRO is the largest of a series of international zomoni (Cortes Pass), and on board the NCAR C130 air-
campaigns in and around Mexico City, which also includescraft. The SIMAT building (192412’ N, 99°1034’ W) is
IMADA-AVER in 1997 (Edgerton et a).1999, MCMA- located in the Mexico City urban area, south of TO (MCMA-
2003 Molina et al, 2007, and MIRAGE (Megacities Impact 2006 supersite)Molina et al, 2008. Industrialized areas,
on Regional and Global Environment) in 2006. This study characterized by the presence of power plants and refineries,
investigates the composition of organic aerosols in Mexicoare located to the North; the dry lake bed of Texcoco Lake,
City and in surrounding areas by Fourier Transform Infrareda regional large source of dust, is located to the East. The
Spectrometry (FTIR). The composition of organic aerosol isAltzomoni sampling site (1®7 N, 9838 W) is approxi-
still poorly characterized, because separating and quantifymately 60 km southeast of Mexico City on the saddle be-
ing the complex mixture of organics present in atmospherictween Popocatepetl and Ixtaccihuatl volcanoes at an altitude
particles is not possible with present techniques. ldentifica-of 4010 m Baumgardner et 312009. Popocatepetl is an
tion of individual molecules by gas-chromatographic tech-active volcano while Ixtaccihuatl is passively degassing and
niques resolves only a small fraction of the organic massduring March 2006 there were a large number of fires on the
(Rogge et al.1998 Saxena and Hildemant996. Fourier  slope of this volcanoGrounse et al.2009. Altzomoni is
Transform Infrared Spectrometry, like other techniques suctcharacterized by a diurnal transition from local to regional
as nuclear magnetic resonance (NMR) and aerosol massixed layer air whose properties depend on prevailing winds
spectrometry (AMS), does not identify individual molecular and larger scale circulation. Anthropogenic emission sources
species but provides a functional-group based description ofhat might affect the site are located in the Mexico City basin
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Fig. 1. NSF/NCAR C130 flight tracks colored as a function of flight d@eand ground platform locatior(b). Panel (b) reports the location
of SIMAT and Altzomoni (red circles), other major sampling sites of MILAGRO (black circles), and lake Texcoco (blue diamond).

(to the northwest), Puebla (to the east), and Cuernavaca (t80 min and 1 h. After collection, filters were put in sealed
the southwest). Petri dishes and stored at approximatel§°C until analy-

The C130 aircraft, whose operations were based in verS!S:

acruz, performed 12 research flights over Mexico and ove
the coast of the Gulf of Mexico. Figure 1 reports the C130
flight tracks, and the location of SIMAT and Altzomoni. The

research flights were performed on 4 March (flight 1), 8 Teflon filters were analyzed by Fourier Transform Infrared

March (fl?ght 2), 10 March (flight 3), 12 March (flight 4), 16 Spectroscopy (FTIR) to characterize the composition of the
March (flight 5), 18 March (flight 6), 19 March (flight 7), 22 organic aerosolsGilardoni et al, 2007 Maria et al, 2002

March (flight 8), 23 March (flight 9), 26 March (flight 10), 28 5003 FTIR measurements were performed with a Bruker
March (flight 11), and 29 March (flight 12). No filter sam- o500 57 FTIR Spectrometer with a DTGS detector. FTIR
ples were collected during flight 10 due to the shortness ofy o 4 of the particulate matter deposited on the filters were

the flight, and this flight is omitted from this analysis. Dur- acquired in transmission mode in the region 400-4000cm
ing the MILAGRO campaign several urban and rural groundwith a resolution of 4cm?; for each sample spectrum

platformg were operateq; Fig.. 1b reports the sites that WErg 28 scans were acquired. Filters were scanned before and
used to investigate Mexico City outflow and that are men-go sampling, without sample extraction, and each aerosol
tioned in the present study for reference. The sampling camgpecrym was obtained by subtraction of the two absorption
paign was performed during March 2006. Measurements af o 5 o remove the Teflon interference. Ambient aerosol
the three §|te_s mcludeq a large set of online gas and paruclgpectra were characterized by the broad signal of ammo-
characterization techniques. nium in the region 2800-3200 cm, which overlaps some
Submicron aerosol samples were collected on 37 mnof the organic functional group signals. To remove the am-
Teflon filters with a flow rate of 16.7 Lpm. At the ground monium interference, the reference absorption spectrum of
platforms a 24-h sample was collected daily; in addition two ammonium sulfate, normalized to the ammonium signal at
12-h samples were collected at Altzomoni and three 8-h sam3200 cnt?, was subtracted from each aerosol spectrum. The
ples at SIMAT. The shorter samples provide the primary in-FTIR spectra were integrated using a guided algoritRuns¢
formation for this analysis; the simultaneous daily samplessell et al, 2009.
are used for quality control to assess organic components lost The organic functional groups characterized during the
due to volatility. The 12-h Altzomoni samples were taken project are reported in Table 1 along with the corresponding
from approximately eleven in the morning until six in the absorption wavenumbers and detection limits. The identi-
evening and from six in the evening until eleven the nextfied organic functional groups included non-acid organic hy-
morning. These time periods were chosen to separate peadroxyl C-OH group (including sugars, anhydrosugars, and
riods when the regional boundary layer was above and belovpolyols, herein indicated as alcohol group), aromatic C=C-
the research site, respectively. On board the NCAR C13M group, aliphatic unsaturated C=C-H group, aliphatic sat-
samples were collected during constant altitude legs, for airated C-C-H group, non-acid carbonyl C=O group, car-
sampling period that ranged in most of the cases betweeboxylic acid COOH group, and amine NHyroup. The

'2.1.1  Fourier Transform Infrared (FTIR) Spectrometry
and X-Ray Fluorescence (XRF) measurements

www.atmos-chem-phys.net/9/5417/2009/ Atmos. Chem. Phys., 9, 54322009
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Table 1. FTIR absorption signals used to identify and quantify organic functional group.

Functional Frequency Quantified Peak, Absorptivity Detection Limit MW
group cml cm1 abs1la pmolofbond  gmot1P
Aliphatic saturated 1450, 1850-2920 0.6 0.079 7
C-C-H 2800-3000

Aliphatic unsaturated C=C-H 2900-3100 2980 3.8 0.4 13
Aromatic C=C-H 3000-3100 3050 8.7 1.2 13
Non-acid carbonyl C=0 1640-1850 1720 0.067 0.010 28
Carboxylic acid COOH 1640-1850 1720 10.02 0.013 45
Alcohol C-OH 3100-3500 3350 0.057 0.011 23
Organosulfate C-O-S 876

Amine NHy 3400, 1625 1625 0.112 0.018 11

@ Absorptivity is the micromole of functional group per unit of peak area (in absorbance). The calibration of absorptivity is instrument-
specific.
b Functional group molecular weight.

calibration coefficients of the organic groups were obtained2.1.2 Aerosol Mass Spectrometry AMS
by analysis of standard aerosol samples prepared with 1-
docosanol, anthracene, sodium benzoate, 1-docosene, al@ollocated Aerosol Mass Spectrometry (AMS) measure-
nine, citric acid, and adipic acid{lardoni et al, 2007 Liu ments Canagaratna et al2007) were performed at Alt-
et al, 2009. The absorbance of the measured functionalzomoni and on the C130. At Altzomoni the quadrupole
groups is proportional to the number of moles and is in-AMS (Q-AMS) instrument was operated with a time reso-
dependent of the mixture compositiokldria et al, 2002 lution of 5min and collection efficiency of 0.9&yne et aJ.
2003. The organic mass (OM) concentration was calculated200Q Jimenez et al.2003; lower transmission efficiency
by multiplying the molar functional group concentrations for particles at the upper end of the submicron range was ob-
and the corresponding group molecular weights, then sumserved Zhang et al.2002 2004. The C130 AMS measure-
ming the contribution from the different groups. Organic car- ments were high resolution-time of flight (HR-ToF) spectra
bon (OC) concentration was obtained by summing the carcollected every 12 sje Carlo et al.2008 2006, with col-
bon contributions from the different functional groups, which lection efficiency of 0.5. The AMS instruments measure the
were equal to the functional group molar concentrations mul-chemical composition of the non-refractory fraction of sub-
tiplied by an atomic mass of 12. The algorithm used to cal-micron aerosolAllan et al, 2003. The organic mass was
culate the OM and OC concentrations assumes that saturatezhlculated using the fragmentation table approach to remove
carbon chains were present asQkhits. The OM contribu-  the fragments from inorganic specigdlan et al, 2004).
tion of organic functional groups containing organosulfates AMS organic mass measurements were averaged over the
(with C-O-S bonding) was below detection in all the samples.sampling period corresponding to each FTIR sample. Fig-
The uncertainty of functional group and organic mass con-yre 2 shows the comparison between FTIR and AMS organic
centration from calibration, peak integration, and samplingmass concentration at Altzomoni and on the C130. Organic
flow variability was between 5% and 21% for the range of mass measurements from the AMS on the C130 were avail-
samples reported here above detection linRsgsel) 2003 able during research flights 1-3 and 9-12. The comparison
Maria et al, 2003 Gilardoni et al, 2007). included each measurement for which the AMS instrument
X-Ray fluorescence measurements were performed ORvas operated continuously during FTIR filter samples at con-
aerosol samples collected on Teflon filters after FTIR anal-stant altitude. The correlation coefficient§Xbetween AMS
ysis. XRF measurements (Chester LabNet, Tigard, Oregonind FTIR measurements were 0.53 at Altzomoni and 0.69 on
quantified Na and heavier elements, including S, Cl, Al, Si,the C130. The use of separate inlets on the C130 results in a
K, Zn, Fe, V and Ni. The measurement uncertainties weresize-distribution-dependent difference which may contribute
on the order of 1-10ng per filter for all elements except Nato the scatter in the airborne measurements, particularly in
for which the uncertainties were 10 times higher; the relativesamples with a substantial fraction of the submicron mass
errors were lower than 10% for all elements including Na.  above 500 nm. However, the small number of samples with
comparable measurements for both instruments is likely to
account for much of the weak correlation. The FTIR OM to
AMS OM ratio was 0.88:0.06 at Altzomoni. There were an
insufficient number of points to obtain a reasonable line fit

Atmos. Chem. Phys., 9, 5415432 2009 www.atmos-chem-phys.net/9/5417/2009/
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between the AMS and FTIR OM on the C130, but the avail- 20 T T T T T T T —

able points typically had FTIR OM lower than AMS OM by a p 7| 20F ,/"
factor of 2. Lower OM concentrations measured by FTIRon & 15[ e ]
the C130 might result in part from the short collection times £ ¢ . 7e L,

and the low concentrations of some functional groups since gl 10 ./' o 7 10f /' 1
many of the measurements were in the free troposphere. The v o % /7 If
magnitude of the potential underestimate of carboxylic acid £ °[ .2 * 1 °r +/ . __#__+_ 7
and amine groups was calculated by estimating the upper a ¢ . ] Y A .
bound of these components assuming concentrations below % 5 10 15 20 0 5 10 15 20
detection limit were equal to the detection limit. These up- AMS OM (pg m-3) AMS OM (ug m-3)

per bounds were smaller than #&0% uncertainty expected - | | B CCHagroup
for OM (Russell 2003. Desorption of volatile organic com- “ “ | “ | 0 B COOH group

T T T T
| | | | “
pounds during legs in and out of plume might explain, for 22| i ! ! i 0 i “ i B C-OH group
longer sampling periods, the lower concentrations from fil- © .| | T | + | | l | | [ NH2 group
ter measurements (FTIR) compared to on-line (AMS) mea- 3 | | | + | | |
14 | | | | | |
‘ 909

surements. The uncertainty of AMS measurements is dom- “ . | ’} ‘
inated by uncertainty in the collection efficiency, conserva- 1 ‘ ‘ ‘
tively considered to be&-25% of the measured OM. Samples 5]

Figure 2c shows the comparison between FTIR OM/OC
ratios and AMS OM/OC ratios for the C130 samples during Fig. 2. Comparison of FTIR OM and AMS average Osl) at Alt-
periods characterized by overlapping FTIR and AMS mea-zomoni andb) on the C130; the solid lines correspond to linear fit
surements. The AMS OM/OC falls in the range of variabil- of experimental data while the dash line shows the 1:1 ratio. Error
ity of FTIR values, calculated taking into account the uncer-bars in panel a are omitted for simplicity; line fit in panel b is not
tainty introduced by the low filter loadings. The FTIR values reported because of the limited number of datapoints. Rapel
were typically 1.2-0.2, which encompasses the values mea-comparison of FTIR OM/OC range (black lines) and AMS OM/OC
sured by AMS. The functional group composition, described(_blue circles) on the.(.ZlSO. Pie charts indicate the organic func-

. - A tional group composition of the OM/OC lower and upper bounds:

by the pie charts, indicates that the larger variability of FTIR . =~ ; . .
OM/OC is associated with samples characterized by a Iargeglcl?dhgtggat?rﬁfedeg_;g Z}gﬁii ?:r_%n: i%?izﬁ llow, carboxylic
uncertainty in the carboxylic acid group concentration. The ' '
upper bound of functional group composition is calculated

assuming that the concentration values below detection limit )
were equal to the detection limititself. This assumption leads!0 Sets of measurements correlated with a slope of 1.07 and

to large variability for the COOH group due to its high ab- &t & confidence level larger than 99.95% (data not shown).
sorbtivity (Table 1). The nearly 1:1 ratio is consistent with the low c_oncentratlo_ns
of organosulfate reported by FTIR, although this observation
is not sufficient for an independent confirmation. The lack
of organosulfate groups also is consistent with the complete
neutralization of the anions (sulfates and nitrates) by ammo-
3.1 Composition of the organic mass niurln ggggved, within the error of measuremeiite Carlo
etal, .

The organic functional groups quantified by FTIR included The average OM concentration at standard conditions
alcohol C-OH, aromatic C=C-H, aliphatic unsaturated C=C-(273.15K and 1 atm) was 98y m~2 at SIMAT, 6.6.gm~3

H, aliphatic saturated C-C-H, non-acid carbonyl C=0, car-at Altzomoni, and 5.7.g m—3 on the C130. The average OC
boxylic acid COOH, and amine NHyroups. Organonitrates concentration at SIMAT was 5,89 m~3, comparable to the
were investigated using the absorption signals at 1275 an@©C mean concentration measured by thermo-optical method
857 cnt! (O’Brien et al, 1975ab); these signals were below at a peripheral site in Mexico City (T1Ppran et al, 2007
detection limit at all the three sites during the entire cam-Querol et al. 2008 Stone et al.2008 but lower than the
paign. Organic sulfates, which can be identified by the ab-value reported by Chow et al2@02 close to the SIMAT
sorption of infrared radiation associated with the bending ofsite during March 1997 and lower than the values reported
the carbon-oxygen-sulfur functional group, were found to beat CENICA in 2003 and at TO in 200&\ken et al, 2008
below detection limit for all samples, consistent with the lack Salcedo et a).2006 Stone et al.2008. Figure 3 shows the

of fragments containing both C and S from high-resolution campaign average contribution of each functional group to
AMS at TO (Aiken et al, 2008. This finding was consistent the OM on the three platforms. For simplicity aliphatic un-
with the comparison of the C130 samples for sulfate con-saturated and aromatic groups, whose contribution was usu-
centration from AMS and the XRF elemental sulfur. The ally lower than 1% and often below detection limit, are not

3 Results and discussion
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C-OH Figure 3d illustrates the properties of Mexico City out-
flow showing the percentage contribution of aliphatic sat-
urated, carboxylic acid, and alcohol groups to OM, as a
function of location relative to the Mexico City metropolitan
area (MCMA). C130 city samples were collected at about
1000 mabove ground level (a.g.l.) during the afternoon,
and thus inside the mixing layer, with altitudes reaching
2000 ma.g.l. and frequently extending to 4000 m a.§haiw
et al, 2007. The C130 samples collected outside the city
were often in the free troposphere. The comparison between
city and outflow samples shows that the contribution of car-
boxylic acid COOH, aliphatic saturated C-C-H, and alcohol
C-OH group are within the variability bars in all sectors.
The terrain structure around Mexico City is characterized
by mountains to the east, south and west of the metropoli-
tan area that reach on average 1000 m above the basin, with
two volcanoes at the Southeast that reach over 5000 ma.g.l.;
the terrain features, together with the prevailing meteorologi-
cal conditions during the MILAGRO experiment, favored the
transport of Mexico City air masses towards the North. The
comparison between samples collected north and south of the
Fig. 3. Project average composition of organic mass(&rMex- urban area (Fig. 3d) shows a smaller contribution of saturated
ico City, (b) Altzomoni, and(c) C130 (the inner chart corresponds  aliphatic groups and a larger contribution of alcohol groups
to the actual concentration and the outer chart corresponds to thg the North, where the most frequent direction of the urban
assumption that concentrations below detection limit are equal toyytflow was locateddoran et al. 2007).
detec“‘_’; Iim:)t). Tr(e: cggrts shovzbal:phaf; §aturate|d C'C(;H)i” blue,  Tie et al.(2009 use meteorological data and CO measure-
non-acia caroonyl C=0 In cyan (below 1% In panel a ana c), amine H : : : :
NH, in yellow, carboxylic acid COOH in green, and alcohol C-OH ments 1o identify the periods when the 0130 flights inter-
cepted the urban plume and background air masses. Flex-

in pink. Paneld) alcohol (pink) and carboxylic acid (green) contri- - . . .
bution to OM on the C130 as a function of sampling location: over part retroplume trajectories are used to identify urban plume

the urban area (City), outside the urban area (Outflow), North of@nd background samples among filters collected during re-

the city (North), South of the city (South), inside the urban plume S€arch flight 2, 3, 6, 8, and 11. These flights were chosen
(Plume), and outside the plume (Bkg). because they included Mexico City overpasses, sampling of

urban plume at different distance form the source, and col-
lection of background samples. During flight 6 the aircraft
reported. The average composition reported for the C130 isntercepted the urban plume only during the last part of the
obtained from the analysis of samples with collection time flight, and during flight 11 the flight track was mostly located
longer than 10 min and shorter than 2 h, to assure low nois@&ipwind of the plume. Samples collected during the first part
level and reduce potential artifacts due to loss of volatileof flight 6 and during fight 11 represent background aerosol.
compounds in longer sampling periods. The average comSamples collected during the central part of flight 2 and 8
positions at the two ground platforms were similar, suggest-and the last part of flight 3 are representative of the urban
ing that when the winds are from the North or Northwest theplume. Figure 3d compares functional group compositions
high altitude site is affected by MCMA air massd&&a(m-  of plume and background samples. On average background
gardner et a).2009. At the ground sites, the largest contri- aerosol masses showed a slightly larger contribution of alco-
bution to OM came from aliphatic saturated C-C-H and car-hol groups and a smaller contribution of aliphatic saturated
boxylic acid COOH group, which together represented moregroups; the differences are within the variability ranges be-
than 60% of the OM. The average contribution of alcohol cause of the variability of aerosol composition with plume
C-OH group varied, averaging 14% at SIMAT, 13-15% on age.
the C130, and 20% at Altzomoni; amine Rigroup repre- The time series of functional group composition are re-
sented about 10% of the organic mass both at SIMAT andported in Fig. 4, together with wind speed, relative humid-
Altzomoni, and 6% on the C130. The presence of amine aity, and mass time series. Measurements of particle mass
SIMAT is consistent with the results of Moffet et aQ08 at SIMAT were collected for Pks measured by attenua-
at TO (urban site) where the nitrogen-organic carbon particlesion of beta radiation. For simplicity aliphatic unsaturated,
represent about 3—5% of the submicron particle number.  aromatic groups, and non-acid carbonyl, whose contribu-
tion was usually lower than 1%, are not reported. Meteo-
rological and mass measurements reported for the SIMAT

a)

percentage of OM

<58
=]
o

South
North
Plume
Bkg
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Fig. 4. Time series of the measured functional group composition with temperature (in black) relative humidity (in blue), and mass (in red)
at (a) Mexico City and(b) Altzomoni; panel(c) reports functional group composition of C130 samples characterized by collection period
longer than 10 min and shorter than 2 h. The charts show aliphatic saturated C-C-H in blue, amimeyilibw, carboxylic acid COOH in

green, and alcohol C-OH in pink.

site were recorded by the Ambient Air Monitoring Network  Aliphatic saturated C-C-H and carboxylic acid COOH
(Red Automatica de Monitoreo Atmosferico, RAMA) at the groups represented the largest fraction of the organic mass
Merced station. The organic mass concentration ranged behroughout the sampling campaign at the ground sites. At
tween 3 and 3gm—3 at SIMAT, 1 and 24:gm2 at Alt- SIMAT the average composition of the OM was roughly con-
zomoni, and 2 and 22g m~2 during the C130 flights. At stant during the entire month; at Altzomoni a larger contribu-
Altzomoni higher OM values were observed during day- tion of alcohol C-OH was observed during the driest period
time compared to nighttime: the average OM concentrationf the campaign, before 24 March, when alcohol C-OH frac-
were 9.4ugm 3 and 5.6ugm 3, respectively. Figure 4 tion reached peaks of 40%. The pie charts in Fig. 4b shows
shows similar OM temporal trends for the two ground sites.the average functional group composition at Altzomoni be-
At SIMAT lower OM concentrations were observed during fore (dry period) and after (wet period) 24 March; the aver-
episodes characterized by wind speed higher than Zms age contribution of alcohol C-OH group to OM during the
or relative humidity close to 100%, indicating that organic dry and wet period was 25% and 11%, respectively. Alcohol
mass concentration was modulated by removal mechanism£;-OH group can be found in ambient aerosol as alcohols,
i.e. transport and wet deposition. The highest concentrationpolyols, and sugars@raham et a).2002 Simoneit et al.
on 20 and 21 March are likely related to intense biomass2004gb). Relevant sources of sugars, anhydrosugars, and
burning plumes and smoke from nearby forest firktkén sugar alcohols are biogenic emissions and biomass burning
et al, 2009. At Altzomoni the peaks of OM concentra- (Graham et a.2002 Mayol-Bracero et a].2002. Levoglu-
tion observed on 14, 21, and 23 March may be related tacosan, an anhydro-sugar widely used as a tracer of biomass
the presence of cold surge episodes that favored the trangurning, might represent more than 10% of the OC produced
port of air pollutants from the city basin towards the South by wood combustionKine et al, 2002 Simpson et a2007).
(de Foy et al.2009. At Altzomoni the OM concentration The importance of biomass combustion as source of alco-
started decreasing on 23 March (in association with rain andol C-OH group is further supported by the high correlation
snow events) and increased again after 27 March, with thet SIMAT between alcohol C-OH group and Kig¢ et al,
reduction of wind speed and relative humidity. 2009, an additional tracer of biomass burning.The correla-
tion coefficient of K and alcohol C-OH group4=0.61) is
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Table 2. Mean, minimum, and maximum elemental concentrations a) —v ] 7020 <
(ng m~3) at SIMAT site. o~ 30 : f — o a
c | | -40.15 2
o i : <
Element Mean Minimum Maximum ; 201 f f 4010 £
J ; o
o) i %)
s 950 240 3400 10F 4/V\/\ f/\ ‘ JW\ 005 5
K 170 52 460 ANA ' JEA \Wf s
Si 130 16 1000 0 < 0.00
3/5/06 3/15/06 3/25/06
Ca 110 1 850 Time UTC
Na 90 10 0.49 . T T e T
Ay b
Fe 92 2 528 £ 15l ) i
Al 51 10 550 &
Cl 41 7.4 200 e
Zn 36 3.9 190 g
As 12 15 45 o
Sn 6.6 2.0 24 9
Cu 9.6 1.2 62 <
\% 7.8 0.7 11
Br 6.3 1.3 20 3 4
Mn 4.3 0.88 25 Alipahtic saturated C-C-H /ACO (ug m "ppm )
Ti 4.5 1.1 34 _ ) ) ) )
P 4.8 3.4 6.2 Fig. 5. Panel(a): time series for vanadium (blue), nickel (green),
Ni 1.6 0.49 20 and organic mass OM (black) concentrations at SIMAT. Pénel

scatter plot of OM and potassium concentrations corrected for dilu-
tion.

lower than correlation of soil elements to each other. This

lower correlation is expected because of the variability in the Figure 5a shows that on 14 and 18 March during peaks in
emission factors for biomass burning molecular markers, deg concentration, the V and Ni time series also show two max-
pending on combustion conditions, biomass type (i.e. grasgma suggesting that V, Ni, and S are co-emitted by a common
orwood), and biomass compositidfirfe et al, 2002 Jordan  ,e|-hurning source. Vanadium and nickel are commonly de-
and Seen2003. The decrease of alcohol C-OH contribu- tected in aerosol produced by fossil fuel combustidioifet

tion during the wet period can be linked to the lower inten- o al, 2009. The large average S@lux emission calculated
sity and frequency of fires in the regions, as determined byyring MCMA 2006 for the Tula industrial compleRivera
satellite measurementSdst et al.2007 Aiken etal, 2009. ¢t 51 2009 indicates that the region north of Mexico City is
On the C130 the organic mass was on average dominated sirong source of industrial pollution. The highest V and Ni
by aliphatic saturated C-C-H group; carboxylic acid COOH ¢4ncentrations were observed when the wind direction was
group was an important fraction of the organic mass in samyom the North. Fast et al(2007 show that 14 March and
ples collected north of the city basin during research_ﬂights 518 March were characterized by transport of air masses from
(16 March), 7 (19 March), and 8 (22 March), when its con- nqrth and northeast towards south into the basin. The average

tribution was larger than 30% of the OM. [V])/[Ni] ratio was 5.1 ¢->=0.86), in accordance with emis-
- . . sion ratios reported for fuel oil burnindKéwalczyk et al,
3.2 aEéfcr)r;i?tal composition of Mexico City urban 1982 Maenhaut and Cafmeyet987. A similar episode
characterized by the same [V]/[Ni] ratio and transport from

At SIMAT S, Na, K, Si and Ca were the most abundant e|_the North was observed during MCMA-2003, indicating a

ements measured by XRF (Table 2). The concentrations foP"°"9 anthropogenic, rather than volcanic, source of sulfate
submicron markers, including dust, were lower than reported20nson et al200§. We did not observe a correlation be-
for PMy.5 Mexico City aerosolsGhow et al, 2002 Miranda tween V and the organic functlon.al group concentrations ob-
et al, 1996 2004 Querol et al, 2008 but similar to parti- served in Mexico City at SIMATI(iu et al, 2009. The tem-
cles between 0.34 and 1.4n during MCMA-2003 (ohn- poral trend of OM and V concentrations at SIMAT, reported
son et al, 2006, consistent with the fact that crustal elements " F19- 52, indicates that fuel oil burning (associated with in-
are mainly associated with particles larger thaml. As and dustrial activity and energy production) was not one of the

Na were more than 4 times lower during MCMA 2003 than major sources of Ofga”ic mass in the urban arga. .
here. A strong correlation was observed among time series of

Si, Ca and Al, commonly attributed to soil sourcktiranda
et al, 2004 1994. Si, Ca and K concentrations showed
a positive correlation with Al concentrations (Fig. 6). The
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SIMAT indicates biomass burning as a possible common
source for both componentf\ridreae and Merlet2001;
Duan et al. 2004. Higher K concentrations were observed
during the first part of the sampling campaign, when numer-
ous fires were observed throughout Mexico with a large num-
ber located near the urban aréas$t et al.2007). Figure 7
shows several fires near the SIMAT site identified by MODIS
(Moderate Resolution Imaging Spectroradiometer) during
the days with the highest K concentrations. In addition to for-
est fires Yokelson et al.2007), potential sources of biomass
burning aerosol observed in the urban area were cooking, in-
cineration, and refuse burnintylbffet et al, 2008.

Biomass burning aerosols are characterized by elevated
OC and K content. In order to investigate the contribution
of biomass burning to the organic aerosol we first estimated
K from non-soil sources using:

[KInon-soil=[K]—[AlRsoil

0.0
06 " ' ' ' ' ' T where [K]non-soil iS the non—spil K concen.tratior{l(] and
[Al] are K and Al concentrations, anddg is the K to Al
{ ratio in Mexico City dust emittersviega et al. 2001). The
041 minimum and maximum non-soil K concentrations were cal-
culated using the maximum and minimunggRreported by
0.2 _f . Vega et al. 200]) (0.62 for the dry lake and 0.06 for agri-
cultural soil). Figure 7f shows that OC co-varied with the
. I I J—| concentration of non-soil K, with a confidence level larger
0.0 0.1 02 03 04 05 06 than 99.9%. The average [K]/OC ratio was 0.03, in agree-
Al (ug m-3) ment with the average ratio observed for £4Mn TO (0.02)
by Querol et al. 2008 and with emission factors reported by
Fig. 6. Concentration ofa) silicon, (b) calcium, andc) potassium ~ Andreae and Merle©200]) and by Watson and Cho2Q0J)
relative to aluminum, in Mexico City; shaded areas correspond tofor agricultural residue burning (0.04). The ratios here were
the expected ratio according to Vega et al. (2001). comparable to the [K]/OC ratios observed for biomass burn-
ing episodes of 0.04 for P in Seoul Kang et al, 2009,
0.01-0.02 for PM in the French AlpsAymoz et al, 2007),
linear correlation coefficient? was 0.95 for Si/Al and 0.80  but lower than 0.19-0.20 for total suspended particles (TSP)
for Ca/Al, while a poor linear correlation was observed be-in Beijing (Duan et al.2004).
tween K and Al (?=0.05). Figure 6 also shows the range  The intercepts of the linear fits reported in Fig. 7f are sta-
of variability for the ratios between each metal and Al ob- tistically larger than zero (2:80.5 and 3.3-0.4gm™3 of
served for fugitive dust emitters in Mexico Citydga et al, 0C), consistent with the presence of sources of OC not re-
2001). Si/Al and Ca/Al ratios measured during this study lated to K. We estimated the contribution of biomass burning
(2.3 and 1.9, respectively) were close to the ratios reportedo OC as the difference between the OC concentration and
by Vega et al. 200]) for paved and unpaved roads, soil, and the average non-biomass burning OC. On average this con-
asphalt. K concentration was higher than the value expectedibution ranged between 33% and 39% for the lowest and
for soils, indicating that road and soil dust were not the ex-highest estimates of soil K, respectively. The OC associated
clusive sources of this element. with K calculated here includes soil and biomass burning
Concentrations of potassium and aliphatic saturated Cemissions, in addition to urban sources that are somewhat
C-H were divided by carbon monoxide concentration (CO) different from more developed urban areas, namely open air
to correct for dilution. A strong correlation was observed grilling and cooking Moffet et al, 2008. For this reason,
(Fig. 5b), at a confidence level larger than 99.95%0.72). the high contribution of K to the organic carbon is expected
Similarly a strong correlation between potassium and theto be higher than the results of Stone et 208, who re-
sum of organic and elemental carbon was observed at thported a contribution of biomass burning ranging between
urban sites (CENICA and T0) and the suburban site T1 a$-26% at TO and 7-39% at T1, in particles smaller than
reported by Querol et al2008, although these authors also 2.5um. Similarly single particle analysis of the upper end
reported a higher correlation between K and Al. The cor-of the accumulation mode at TO assigned 40% of particle
relation between K and aliphatic C-C-H group observed athumber to biomass burning/pffet et al, 2008 and AMS
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Fig. 7. (a—e): SIMAT site (black) and fire locations (red) according to Terra and Aqua satellite images on days with high potassium
concentrationy(a) 8 March, (b) 12-13 March(c) 17-18 March(d) 22 March, ande) 28 March; dot size is proportional to the fire size.
Panel(f) reports OC concentration as a function of non-soil potassium concentration (lower bound in blue and upper bound in green).

measurements apportioned 15-23% of the OM in submicrorDhio, and 1.6 for or East coast outflow measured in the Gulf
aerosol to biomass burning fires (which may not include non-of Maine Gilardoni et al, 2007).

traditional biomass sourcediken et al, 2009. The contri- OM/OC ratios calculated from AMS measurements
bution of meat cooking and refuse burning, which might have(Aiken et al, 2007) during MIRAGE ranged between 1.6—
strong influence on a local scale, could justify the difference1.8 in the urban area and 1.8-2.1 on the C18@¢gn et al,

among the sites. 2008. Figure 8a reports OM/OC ratios for the three MI-
LAGRO sampling platforms; similar average OM/OC ratios
3.3 OM/OC ratios were observed at SIMAT and at Altzomoni, 1.8 and 2.0, re-

spectively. The lower variability observed at SIMAT com-
The organic mass to organic carbon ratio (OM/OC) is a meafared to the other sites (5 and 95 percentile equal to 1.7 and
sure of the molecular composition of the organic fraction of 2.1) reflects a more uniform composition of organic aerosol
aerosols. Aerosols characterized by high concentrations ofluring the campaign. The geographical features of the Mex-
oxygen, nitrogen and sulfur compounds exhibit high OM/OC ico City Basin, i.e. high altitude and subtropical latitude
values; organic particles dominated by aliphatic and aromatigvith the consequent high solar radiation, promote the forma-
hydrocarbons show low OM/OC ratioMéria et al, 2003 tion of photochemical pollutants leading to a highly oxidized
Russel] 2003 Turpin and Lim 2001). Experimental mea- aerosol and thus high OM/OC ratio.
surements of OM/OC ratios are still scarce. Kiss et200Q Figure 8b shows the OM/OC ratio at Altzomoni, as a
calculated an OM/OC ratio of 1.9-2 for water-soluble or- function of mixing-layer height (MLH) and wind direction.
ganic matter at a rural site in Hungary. The average OM/OCMixing-layer height was determined from ceilometer mea-
ratio for dichloromethane and acetone extracts reported fosurements according to Emeis et &007 at Tenango del
IMPROVE site aerosols was 1.9El{Zanan et al. 2005. Aire (110N, 9851 W), a rural background site located five
FTIR measures the OM/OC ratio for polar and non-polar or-kilometers to the west of Altzomoni at 2377 ma.s.l. (see
ganic fractions without the need for solvent extraction. Dur- Fig. 1b). Altzomoni was a high altitude site and the daily
ing the ICARTT campaign we measured OM/OC of 1.4 for modulation of the MLH allowed air masses affected by local
recently emitted particles from coal burning power plants in sources from the surrounding valleys to reach the sampling
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location; on the contrary, when the MLH was lower than the

site altitude, free tropospheric air masses were sampled. The
samples characterized by the highest OM/OC in Fig. 8b are

located at the top corner of the panel, indicating the sam-

pling site was inside the boundary layer. During the cor-
responding sampling periods, prevailing wind direction was
from the North and the Northwest (i.e. Mexico City direc-

tion) as indicated by the blue/purple color of the markers.
The highest OM/OC values at Altzomoni were observed on
10, 18, 20, 21, and 22 March, during the winds from the
Northwest. In general, the high OM/OC indicates Altzomoni
was reached by oxidized particles; the air masses reachin
the site from Mexico City basin were even more oxidized

Q
o
<
=
o

g

than the air masses sampled when the site was outside thg

mixing-layer.

The average OM/OC ratio on the C130 was 1.6-1.8. Fig-
ure 8c and d displays the flight track segments of C130

with the corresponding OM/OC ratio for samples collected
in plume and out of plume. An OM/OC ratio close to
2 indicates a large contribution of ketones, aldehydes, car
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boxylic acids and alcohols (Russell, 2003), which is consis-Fi9- 8. OM/OC ratios at SIMAT, at Altzomoni, and on the C130
(a). Panel(b) shows OM/OC ratios at Altzomoni as a function

tent with the occasionally high concentration of carboxylic
acid COOH group observed on the C130. Samples coIIecteg
when the C130 was north or northeast of the Mexico City(

basin exhibited the highest OM/OC, close to the values 0b'(red<1.6 orange between 1.6 and 1.7, and yelte7); panel (c)

served at SIMAT (the urban site). The chemical properties ofspos flight tracks that intercepted the urban plume (green arrow),

aerosols sampled by the aircraft confirmed North-Northeasknd panel (d) shows flight tracks that did not intercept the urban
was the most common direction of the basin outflow dur-plume.

ing the March 2006 campaign, as also indicated by basin

wind transport analysisdé Foy et al. 2008 Doran et al.

2007, gas phase analysis of aging tracdf&e{nman et al. During MIRAGE the concentration of unsaturated
2008, and Flexpart model results. Flexpart retro-plumesaliphatic C=C-H and non-acid cabonyl C=0O groups were
show that more than 70% of the C130 OM/OC measure-negligible compared to the concentration of saturated
ments correspond to south-to-north transport conditions. Thealiphatic C-C-H and carboxylic acid COOH groups, re-
flight tracks that intercepted the urban plume are reported irspectively, making the C-C-H group representative of the
Fig. 8c while those that sampled background air masses araliphatic C-H fraction and the COOH group representative of
reported in Fig. 8d. Background air masses exhibit OM/OCthe C=0 fraction. Figure 9a reports the molar concentration
values larger than those measured close to the urban area botcarboxylic acid versus the molar concentration of aliphatic
smaller than values observed for urban plume far north of thesaturated group at SIMAT and Altzomoni. COOH and C-
city. The increase of OM/OC for plume samples is likely due C-H molar concentrations were normalized to CO concen-
to different aging and processing of sampled air masses. tration. The carboxylic acid to aliphatic saturated molar ra-
tio was 0.10 at SIMAT (correlation coefficient equal to 0.96)
and 0.11 at Altzomoni (correlation coefficient equal to 0.98).
De Carlo et al. 2008 compute the OM to CO ratio from

] ) ) ) aircraft measurements and relate it to the age of the parti-
The molar ratio of C=0 (carboxylic acid and non-acid car- ¢jes: in fact OM is expected to increase with SOA formation,

bonyl groups) to aliphatic C-H group defines the increase inypjje carbon monoxide is a tracer for recent emissions, typ-
oxygenated organic components relative to the aliphatic hyjca)ly of combustion. The correlation between particle age

drocarbon components. Since physical properties of comy,4"0M to CO ratio implies that OM and CO have a com-
pounds with more oxidized and fewer hydrocarbon groupsp,gn source so that dilution is compensated by CO normal-
are expected to be associated with more water soluble coms tion (Kleinman et al, 2008. The OM to CO ratio on the
pounds, non-acid C=0 plus COOH to aliphatic C-H molar ~13q ranged between 70 and @§m—3ppm! (De Carlo
ratio might help to understand the polarity and therefore they; al, 2008. Figure 9b shows the COOH to C-C-H ratios at
hygroscopic properties of aerosol particles. SIMAT and Altzomoni as a function of the OM to CO ratio.
At SIMAT aged particles characterized by OM to CO larger

f boundary layer height and wind direction (red from the north,
lue from the west, and green from the east); panel paelnd
d) report C130 flight tracks colored as a function of OM/OC ratio

3.4 Carboxylic acid group and aliphatic saturated
C-C-H group
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. 05 The C=0 to C-C-H group ratio was measured with the
TE a) same technique during ICARTT in summer 2004, without
o distinction between ketones and carboxylic acids. The C=0
mo' 04r- 7] to C-C-H ratio measured during ICARTT was about 0.5 at
‘e the remote platforms located downwind of US continental
S 03k _ emissions (Appledore Island in Maine, Chebogue Point in
g Nova Scotia, and the Ronald H. Brown cruise in New Eng-
= land) and 0.1 on board the CIRPAS Twin Otter in Ohio close
8 0.2 7] to power plant fresh emissions. The Mexico City area was
< strongly affected by combustion process&al¢edo et a).
E 01k SIMAT - 2006 SMADF, 2002 2003, as reflected in the measured
) ® Altzomoni high carbon monoxide concentrations (on average carbon
8 | monoxide concentration at SIMAT was 1000 ppb). Submi-
0.0 cron particles collected at SIMAT and in Ohio, which were
0 1 4 5 dominated by combustion emissions, showed similar car-
C-C-H /ACO (umol m-3 ppm_1) bonyl C=0 to saturated aliphatic C-C-H ratios.
0.16
b) ® 4 Conclusions
% 0.14
£ During the MILAGRO campaign, organic functional groups
T 0.12 in the aerosol phase were investigated at an urban site,
8 a high altitude site, and on the NCAR C130. Aliphatic
5 010 saturated, aliphatic unsaturated, aromatic, alcohol (includ-
° ing sugars, anhydrosugars, polyols), non-acid carbonyl, car-
S 0.08 boxylic acid, and amine groups were identified. Organic sul-
% e ° ¢ fate compounds and organonitrates were always below de-
e 0.06 - ° 7] tection limit.
O ° Organic aerosols at SIMAT and at Altzomoni showed that
0.04 | | | | | N aliphatic saturated C-C-H group and carboxylic acid COOH
10 20 30 40 50 group dominated the organic mass (OM). Similar average

OM /ACO (ug m™ ppm™)

composition of the OM were observed at the two sites with
maxima of Altzomoni OM concentration during cold surge
episodes that flushed the basin towards the south. FTIR sam-
pling periods overlapped mostly with the periods when the

Fig. 9. Panel(a): molar ratios of carboxylic acid group to saturated e FEE o .

aliphatic C-C-H group at SIMAT (red) and at Altzomoni (green). Altzomoni site was inside the mixing layer. Concentration

Panel(b): COOH to C-C-H molar ratio as a function of particle age and composition of OM at the mountain site can be assigned

defined by the OM to CO ratio-£0.38); two outliers with OM/OC  to the influence of polluted air masses from the surrounding

larger than 50 are omitted. valleys. On average SIMAT showed 1.5 to 2 times higher
OM compared to Altzomoni.

_ _ . Samples collected on the aircraft exhibit different compo-
3 1 -C-
than 2Qug m™~ ppm~ had COOH to C-C-H ratio larger than sition as a function of location relative to the city basin: alco-

0.08, while smaller ratios were observed for less aged parti- .
cles. Altzomoni had usually higher C=0 to C-C-H ratios hol group was more abundant north of the city. C130 back-

than SIMAT, likely due to aerosol processirgg Carlo et al. grouf‘d samples showed a smalle.r fract|o.n of .oxygenated

. . . . functional groups and a larger fraction of aliphatic saturated
2008 Maria et al, 2002 Turpin and Lim 2003). Figure 9b roup compared to samples collected inside the urban plume
reports the linear fit function of SIMAT measurements and 9°4P P P b '

shows a weak correlation0.34) between COOH to C-C- e A9TRE BE0CE, B SR el & PINCE
H ratio and OM to CO ratio; considering the wide range of 9 ) 9

. S : . non-soil K as a tracer, we estimated the upper bound of the
particle sources and their mixtures, this weak correlation ex-

. S L : average contribution of biomass burning to the submicron or-
plains a significant amount of the variability in the acid frac- anic carbon on the order of 30 to 40%. at the upper end of
tion. The fitting line has a positive slope consistent with the 9 . . % upp .
increase of COOH to C-C-H ratio with age. The ratio on results obtained by source apportionment studies and single

the C130 was characterized by a large variability and range ggécgtgszltj;elrgggg atTAiken etal, 2009 Moffet etal,
between 0.030-0.2 for plume samples and 0.06—0.2 for back- ' ’
ground samples.
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The average OM/OC ratio was higher at Altzomoni com- Allan, J. D., Alfarra, M. R., Bower, K. N., Williams, P. I., Gal-
pared to the urban site, as a consequence of the larger con- lagher, W. M., Jimenez, J. L., McDonald, A. G., Nemitz, E.,

tribution of oxidized functional groups. The small variability
of the OM/OC ratio in Mexico City (SIMAT) indicates a uni-
form composition of the organic fraction throughout the en-
tire sampling campaign. At Altzomoni the highest OM/OC

values were observed for samples collected under the Iikely'/a\II

influence of Mexico City outflow, as indicated by bound-
ary layer height and wind direction. Although the number

Canagaratna, M. R., Jayne, J. T., Coe, H., and Worsnop, D. R.:
Quantitative sampling using an Aerodyne aerosol mass spec-
trometer 2. Measurements of fine particulate chemical com-
position in two U.K. cities, J. Geophys. Res., 4091-4108,
doi:10.1029/2002JD002359, 2003.

an, J. D., Delia, A. E., Coe, H., Bower, K. N., Alfarra, R., M.,
Jimenez, L., J., Middlebrook, M., A., Drewnick, F., Onasch,
T. B., Canagaratna, M. R., Jayne, J. T., and Worsnop, D. R.:

of samples collected when the site was outside the Mexico A generalized method for the extraction of chemically resolved

City mixing layer was limited, the FTIR results showed that
Mexico City outflow had a higher oxidized character than the

mass spectra from Aerodyne aerosol mass spectrometer data, J.
Aerosol Sci, 35, 909-922, 2004.

aerosol sampled outside the mixing-layer. The OM/OC ratioAndreae, M. and Merlet, P.: Emission of trace gases and trace gases
measured by the aircraft inside the urban plume showed a and aerosols from biomass burning, Global Biogeochem. Cy., 15,

large variability with smaller values close to the city.

The average carboxylic acid to aliphatic saturated molar’Y

ratios at SIMAT and Altzomoni were about 0.1, similar to
the values observed in Ohio during the ICARTT campaign.
At SIMAT the molar ratio varied between 0.04 and 0.14, and

955-966, 2001.

moz, G., Jaffrezo, J. L., Chapuis, D., Cozic, J., and Maenhaut,
W.: Seasonal variation of P)j main constituents in two valleys

of the French Alps. I: EC/OC fractions, Atmos. Chem. Phys., 7,
661675, 2007,

http://www.atmos-chem-phys.net/7/661/2Q07/

ratios higher than 0.08 were observed for most aged particlessaumgardner, D., Grutter, M., Allan, J., Ochoa, C., Rappenglueck,

as indicated by the OM to CO ratios.
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