Atmos. Chem. Phys. Discuss., 12, 23471-23511, 2012 Atmospheric

Discussions

www.atmos-chem-phys-discuss.net/12/23471/2012/ G Chemistry
doi:10.5194/acpd-12-23471-2012 G :

and Physics
© Author(s) 2012. CC Attribution 3.0 License. y

This discussion paper is/has been under review for the journal Atmospheric Chemistry
and Physics (ACP). Please refer to the corresponding final paper in ACP if available.

Modeling secondary organic aerosol in an
urban area: application to Paris, France

F. Couvidat1, Y. Kim1, K. Sartelet1, C. Seigneur1, N. Marchand2’3, and J. Sciare*

'CEREA, Joint Laboratory Ecole des Ponts ParisTech/EDF R&D, Université Paris-Est, 77455
Marne-la-Vallée, France

2 Aix-Marseille Université, Laboratoire Chimie Environnement, 13331, Marseille cedex 03,
France

3CNRS, FRE 3416, 13331, Marseille cedex 03, France

*LSCE, CNRS-CEA-UVSQ, Gif-sur-Yvette, France

Received: 1 August 2012 — Accepted: 21 August 2012 — Published: 10 September 2012
Correspondence to: F. Couvidat (couvidaf@ cerea.enpc.fr)

Published by Copernicus Publications on behalf of the European Geosciences Union.

23471

Jadedq uoissnosiq | Jadeq uoissnosigq |  Jadeq uoissnosiqg | Jaded uoissnosig

ACPD
12, 23471-23511, 2012

Modeling SOA
formation over the
Paris area

F. Couvidat et al.

40


http://www.atmos-chem-phys-discuss.net
http://www.atmos-chem-phys-discuss.net/12/23471/2012/acpd-12-23471-2012-print.pdf
http://www.atmos-chem-phys-discuss.net/12/23471/2012/acpd-12-23471-2012-discussion.html
http://creativecommons.org/licenses/by/3.0/

10

15

20

25

Abstract

A secondary organic aerosol (SOA) model, H?0 (Hydrophilic/Hydrophobic Organic), is
evaluated over the Paris area. This model treats the formation of SOA with two kinds of
surrogate species: hydrophilic species (which condense preferentially on an aqueous
phase) and hydrophobic species (which condense only on an organic phase). These
surrogates species are formed from the oxidation in the atmosphere of volatile or-
ganic compounds (VOC) by radicals (HO and NO3) and ozone. These VOC are either
biogenic (isoprene, monoterpenes and sesquiterpenes) or anthropogenic (mainly aro-
matic compounds). This model includes the formation of aerosols from different precur-
sors (biogenic precursors, aromatics), and semi-volatile organic compounds (SVOC)
from traffic. The H?O aerosol model was incorporated into the Polyphemus air qual-
ity modeling platform and applied to the Paris area and evaluated by comparison to
measurements performed during the Megapoli campaign in July 2009.

The comparison to measurements in the suburbs and in the city center of Paris
shows that the model gives satisfactory results for both elemental carbon (EC) and
organic carbon (OC). However, the model gives a peak of OC concentrations in the
morning due to high emissions from traffic, which does not appear in measurements.
Uncertainties in the modeled temperature, which can affect the gas-particle partition-
ing, in the partitioning of primary SVOC or underestimation of primary organic aerosol
(POA) evaporation by the model could explain the differences between model and mea-
surements. Moreover, using a theoretical mechanism for the oxidation of primary SVOC
and intermediate volatility organic compounds (IVOC), POA concentrations were found
to be likely overestimated by models due to the use of simple partitioning constants
(which do not take into account the affinity of a compound with the liquid aerosol so-
lution) or due to the assumption that the organic aerosol solution is a one-phase ideal
solution. The organic aerosol in the city center of Paris was found to be originating
mostly from distant sources with only 30 to 38 % due to local sources.
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1 Introduction

Fine particulate matter (PM) with an aerodynamic diameter inferior to 2.5 um (PM, 5)
is regulated because of its impact on human health, in particular, in urban areas
with a high traffic density. Furthermore, PM, 5 degrades atmospheric visibility and in-
fluences climate change. Organic aerosol concentrations are difficult to represent in
three-dimensional (3-D) air quality models, which estimate PM, 5 formation, due to the
complexity of phenomena involved (gas and particle phase chemistry, oligomerization,
hygroscopicity, non-ideality of particles) and to the large number of organic species in-
volved originating from diverse sources (anthropogenic and biogenic). A large fraction
of PM emissions from traffic is organic and, therefore, could contribute significantly to
organic PM, 5 in urban areas. As 19 of the 20 largest European cities exceed the World
Health Organization Air Quality Guideline (10 pug m~2 annual mean), efforts have to be
made to understand organic aerosol formation in urban areas and to represent organic
matter (OM) as accurately as possible in air quality models that are used for the design
of emission control strategies. Organic PM is either primary (directly emitted as par-
ticles) or secondary (formed in the atmosphere by the formation of low-volatility com-
pounds by chemical reaction). Both primary organic aerosols (POA) and secondary
organic aerosols (SOA) are currently poorly understood (Kanakidou et al., 2005; Carl-
ton et al., 2009; Jimenez et al., 2009).

Organic aerosol formation in an urban area has been studied in numerous studies
over US cities (e.g. Griffin et al., 2002; Russell and Allen, 2005; Vutukuru et al., 2006;
Murphy and Pandis, 2009) and over Mexico City during the MILAGRO project (e.g.
Dzepina et al., 2011; Hodzic et al., 2010; Tsimpidi et al., 2011; Shrivastava et al.,
2011). However, the modeling of organic aerosols in a European urban megacity has
not been extensively studied yet, although some comparisons of model simulations to
measurements have been reported (Sciare et al., 2010).

In this work, a model based on the molecular surrogate approach is used to simulate
organic aerosols in the Paris area: the Hydrophilic/Hydrophobic Organic (HZO) model
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(Couvidat et al., 2012). The molecular surrogate approach (Pun et al., 2002, 2006)
consists in associating experimental data with several molecular structures, which are
surrogates of a large number of SOA species, to extrapolate SOA formation from smog
chambers to the atmosphere. In the molecular surrogate approach, several proper-
ties, which are typically not taken into account in empirical approaches, can be readily
estimated (e.g. condensation on an aqueous phase, oligomerization, hygroscopicity,
non-ideality) and treated explicitly in the model. This model includes primary semi-
volatile organic compounds (SVOC), oxidation of several precursors (aromatics, iso-
prene, monoterpenes, sesquiterpenes) under various conditions (oxidation by HO un-
der high-NO, and low-NO, conditions, oxidation by O5 and by NO3) and processes
(condensation on an organic phase or an aqueous phase, oligomerization, hygroscop-
icity, and non-ideality).

The H?O organic model has already been implemented in the Polyphemus air quality
platform (Mallet et al., 2007) and evaluated over Europe from June 2002 to July 2003
(Couvidat et al., 2012). This evaluation showed that, even if H20 tends to underes-
timate organic carbon (OC) concentrations, it gives satisfactory results as the model
performance criteria proposed by Boylan and Russell (2006) are met for OC concen-
trations and as it almost achieves the model goal criteria. However, the model has not
been evaluated at the scale of a city and the performance of the model over on urban
area with fresh emissions from traffic is unknown. Therefore, we present here a model
performance evaluation over a megacity: organic aerosols are simulated over the Paris
area during July 2009 and are compared to the results of the Megapoli (Megacities:
Emissions, urban, regional and Global Atmospheric POLIlution and climate effects,
and Integrated tools for assessment and mitigation) campaign. The origins of organic
aerosols in Paris and the effect of a detailed treatment of primary organic aerosols on
modeled concentrations are also investigated.
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2 Model presentation

The Polair3D air quality model (Sartelet et al., 2007) of the Polyphemus air quality plat-
form (Mallet et al., 2007) is used to simulate air quality over the Paris area. It is used
with the Carbon Bond 05 model (CB05) (Sarwar et al., 2008) for the gas phase chem-
istry, ISORROPIA (Nenes et al., 1998) for the formation of inorganic aerosol, the Slze
REsolved Aerosol Model (SIREAM) (Debry et al., 2007) for simulating the dynamics
of the aerosol size distribution, and the H?0 model for SOA formation (Couvidat et al.,
2012). RACM is modified to take into account the reactions described by Couvidat et al.
(2012).

H20 is based on the AER/EPRI/Caltech (AEC) model (Pun et al., 2002, 2003, 2006;
Kim et al., 2011), which has already been used by Royer et al. (2011) to simulate par-
ticle concentrations. It distinguishes two kinds of surrogate SOA species: hydrophilic
species (which condense mainly on an aqueous phase) and hydrophobic species
(which condense only on an organic phase due to their low affinity with water). Hy-
drophilic species may also condense on an organic phase in the absence of aqueous
particles, i.e. at very low relative humidities. Distinction between hydrophobic and hy-
drophilic compounds is based on their octanol/water coefficient (Pun et al., 2006) or
their partitioning between the organic and aqueous phases (Couvidat and Seigneur,
2011). However, aqueous-phase chemistry, which could lead to significant amount of
SOA (Ervens et al., 2011), is not taken into account in this study and will be the object
of future studies.

Two approaches are used in this study to treat primary SVOC and their oxida-
tion products. The first approach called “H?0O-Ref” uses the parameterization of Cou-
vidat et al. (2012) for primary and aged organic species. In this parameterization,
POA are treated as SVOC. Their concentrations in the particle phase depend on the
amount of OM on which SVOC will partition and on temperature (which influences
the volatility of compounds). SVOC emissions are estimated from POA emissions by
using a SVOC/POA factor of 5 (Couvidat et al., 2012). Then, SVOC are distributed
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among three compounds: POAIP, POAmMP and POAhIP representing respectively 25 %,
32% and 43 % of SVOC, with partitioning constants (inverse of the saturation con-
centrations C* defined by Donahue et al. (2006)) of 1.1 m?> ug'1, 0.0116m° ug‘1 and
0.00031m?® ug'1, respectively. Moreover, SVOC in the gas phase can be oxidized and
form less volatile compounds. The aging of primary SVOC is taken into account with
the following three reactions:

POAIP + HO £ soAIP (R1)
POAMP + HO £ SOAMP (R2)
POANP + HO £ SOAhP (R3)

with k the kinetic rate constant equal to 2 x 107" cm® molecule™'s™ (Grieshop et al.,

2009). SOAIP, SOAMP and SOAhP are the aged SVOC and have respectively parti-
tioning constants of 110.0 m?> ug_1, 1.16m° ug_1 and 0.031m> ug_1. POAIP, POAMP,
and POAhNP are assigned an OM/OC ratio of 1.3 whereas SOAIP, SOAMP, and SOAhP
are assigned an OM/OC ratio of 1.82 due to oxygen addition.

The second type of mechanism called “H20-Mech” uses a detailed treatment of
primary and aged SVOC where a speciation of primary SVOC is used to attribute
molecular structures to primary compounds and to estimate their aging. The specia-
tion is based on the data of Schauer et al. (1999) on the identified fraction of SVOC
from medium-duty diesel trucks. Molecules with similar properties (high, medium or
low volatility) and type (acids, alkanes, polycyclic aromatic hydrocarbons (PAH)) are
lumped into a single surrogate species. Saturation vapor pressures and the emission
fractions are chosen to respect the same dilution curve than in the previous approach.
Table 1 describes these primary SVOC and their properties.

The surrogate species are then used to develop an oxidation mechanism of primary
SVOC. For the species HC17, the oxidation mechanism is based on the data of Presto
et al. (2010) by fitting the saturation vapor pressure and mass yields of products. The
most volatile product, AnNALKF17, was assumed to be a product of first generation
(structure of 1,4-hydroxycarbonyls, which has been observed by Lim and Ziemann,
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2009a), whereas the less volatile product AnALKS17 was assumed to be of second
generation (structure of a hydroxy-dinitrate, which has been observed by Lim and Zie-
mann, 2009a). For the other species, oxidation was assumed to produce only less
volatile species without fractionation. For the alkane species, HC20 and HC24, oxida-
tion was assumed to add one hydroxy and one carbonyl group (1,4-hydroxycarbonyls)
are one of the first generation products formed by oxidation of alkanes (Lim and Zie-
mann, 2009a,b). The oxidation of the acid species, ACD18 and DIACD18, was as-
sumed to be similar to the oxidation of the alkanes. For the PAH species, PYR and
FLU, oxidation was assumed to add two carbonyl groups (1,4-naphthoquinone and
9,10-phenanthrequinone are among the main products of the oxidation of naphthalene
and phenanthrene, respectively, Wang et al., 2007; Lee and Lane, 2009, 2010; Kautz-
man et al., 2010). For the aromatics, AROM, oxidation was assumed to add a hydroxy
group on the aromatic ring. The effect of a group addition on the saturation vapor pres-
sure was estimated using the method of Pankow and Asher (2008). The kinetics of
the oxidation of alkanes are taken from Calvert et al. (2008). The kinetics of the other
compounds were fitted to reproduce the results of the first approach with the observed
oxidation of Robinson et al. (2007) during the first hours of the oxidation at 10 ug m=3
of POA. Reactions leading to SOA formation from primary SVOC oxidation and the
properties of the SOA products are presented in Tables 2 and 3, respectively.
Formation of SOA from the oxidation of some intermediate volatility organic com-
pounds (IVOC) were also included in “H20-Mech”. We used results from Schauer et al.
(1999) on identified products from diesel exhaust to provide a speciation of IVOC. IVOC
are separated into three products: HC15 for long-chain alkanes, acids and aldehydes
(pentadecane is used as surrogate), NAPH for naphthalene and MNAPH for alkylnaph-
thalenes (2-methylnaphtalene is used as surrogate). IVOC from diesel exhaust was
assumed to consist roughly of 79 % of HC15, 6 % of NAPH and 15 % of MNAPH. The
oxidation of HC15 is chosen to be similar to that of HC17 and is based on fitting to data
of Presto et al. (2010) for SOA formation from the oxidation of pentadecane. Data from
Chan et al. (2009) are used to fit two products from the oxidation of NAPH and MNAPH:
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AnPAHIN (for SOA formed by PAH oxidation under low-NO, conditions) and AnPAHhN
(for SOA formed by PAH oxidation under high-NO, conditions). The structures for these
surrogates, shown in Fig. 1, are those of some major compounds detected under low-
NO, and high-NO, by Kautzman et al. (2010). These two structures seem suitable as
surrogate compounds because their OM/OC ratios of 2.06 and 1.90 are similar to the
OM/OC ratios for SOA from naphthalene oxidation of 1.96 for low-NO, conditions and
1.89 for high-NO, conditions found by Chhabra et al. (2010). The kinetics of oxidation
of NAPH and MNAPH with HO are taken from Calvert et al. (2002) for the reaction of
naphthalene with HO. To determine whether the radical formed from the oxidation of
NAPH or MNAPH (RO,) will react under low-NO, conditions (RO, reacts with the radi-
cal HO,, the methylperoxy radical MO, or the peroxyacetyl radical ACO3) or high-NO,
conditions (RO, reacts with the radical NO5 or NO), the kinetics of the reactions of
the radical formed from toluene oxidation (TOLP) with these radicals used by Couvidat
et al. (2012) are used. Reactions leading to SOA formation from IVOC oxidation and
the properties of the SOA products are presented in Tables 2 and 3, respectively.
Figure 2 shows the concentrations of SOA from primary SVOC oxidation computed
by a box model with the two mechanisms for 10 ug m~ and 1 Mg m~2 of POA at 298K
and [HO] = 2.0 x 10® moleculecm™3 (concentrations used to have an OM evolution sim-
ilar to Robinson et al., 2007). The two mechanisms “420-Ref” and “HZO-Mech”, give
similar concentrations of OM at both low and high organic aerosol loadings whereas
these two mechanisms used different approaches. One significant difference between
“H20-Mech” and “H?O-Ref” for the formation of SOA from primary SVOC is in the de-
gree of oxidation of SOA. SOA from “H?0-Ref” has a OM/OC ratio of 1.82, which is
rather high for first-generation oxidation products. OM/OC ratios for “H?0O-Mech” are
more realistic (ratios between 1.27 and 1.85) because it uses molecular structures of
some first-generation oxidation products. “H?0-Mech” and “H?O-Ref” should then give
similar amounts of SOA from primary SVOC oxidation, when used in a 3-D air quality
model simulation, but “H?O-Mech” should give higher concentrations of OC than “H2O-
Ref”. Moreover, as the “H?0-Mech” mechanism only takes into account one oxidation
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step, it probably underestimates aging of SVOC that would become less volatile and
more oxidized. More work should be done to develop a complete and more realistic ag-
ing mechanism for SOA formation from primary SVOC with numerous oxidation steps.
Nevertheless, the use of “H20-Mech” is useful here to obtain insight on the interaction
between POA and SOA species, because such information is not available otherwise
from mechanisms such as “H20-Ref”.

3 Simulation setup and measurement dataset

OM was simulated over the Paris area during the Megapoli campaign of July 2009. In-
put data to Polair8D/Polyphemus were prescribed as follows, the simulation domain be-
ing the same as in Royer et al. (2011). Boundary conditions for gaseous and particulate
species were obtained from nested simulations over Europe and France. These simu-
lations were conducted using the same data as Couvidat et al. (2012), i.e. the EMEP
emission inventory (Vestreng, 2003) was used for anthropogenic emissions and the
MEGAN emission model with the EFv2.1 dataset (Guenther et al., 2006) was used for
biogenic VOC emissions. For simulations over the Paris area, anthropogenic emissions
of gases and particles were obtained from the Airparif (the Paris air quality agency) in-
ventory for the year 2005. Meteorology was simulated with the Weather Research &
Forecasting (WRF) model (Skamarock et al., 2008) using an urban canopy model and
an updated Corine land-use data base (Kim, 2011) with the YSU parameterization
(Hong et al., 2006) for the planetary boundary layer (PBL) dynamics.

Emissions of PM from traffic were assumed to consist of 50 % EC, 40 % POA, and
10 % non-volatile non-carbonaceous PM based on measurements conducted in Paris
in summer 2010 by Airparif (2011). Emissions of EI-POA (Emissions Inventory POA)
are transformed into SVOC emissions using a SVOC/EI-POA ratio of 5 as done and
discussed by Couvidat et al. (2012). To estimate IVOC, we used an IVOC/SVOC factor
of 1.70 based on emissions of Pye and Seinfeld (2010) for anthropogenic sources,
which should be the major source of SVOC in the Paris area.
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PM, 5 OC was measured at two stations: the SIRTA station (Site Instrumental de
Recherche par Télédétection Atmosphérique, Haeffelin et al., 2005), located southwest
of Paris in a suburban setting, and the LHVP (Laboratoire d’Hygiene de la Ville de Paris)
station located in downtown Paris. Two measurement datasets were used to compare
model results to measurements. The first dataset uses daily measurements of PM, 5
OC and EC with aerosol filters at both stations. PM, 5 filter samples (150 mm-diameter
quartz fiber filters, Tissuquartz®) were collected on a 12-h basis, using a high-volume
sampler (Digitel, DA-80). A 1 cm? filter punch was analyzed for elemental carbon (EC)
and organic carbon (OC), using a Sunset Lab analyzer and following the EUSAAR_2
protocol temperature program proposed by Cavalli et al. (2010).

The second dataset uses semi-continuous hourly concentrations of EC and OC in
PM, 5, which were obtained at LHVP from an OCEC Sunset field instrument (Sunset
Laboratory, Forest Grove, OR, USA; Bae et al., 2004) running at 8Imin~". A denuder
provided by the manufacturer was set upstream in order to remove possible adsorption
of VOC onto the filter used to collect PM, 5 in the instrument. Measurement uncertainty
given by the OCEC Sunset field instrument is poorly described in literature, although
a 20 % uncertainty was estimated by Peltier et al. (2007).

Preliminary comparisons of OC and EC obtained by this instrument have been per-
formed in the region of Paris against low-volume VOC denuded manual filter sampling
and showed very consistent results (?Sciare et al., 2011). During the Megapoli cam-
paign, a comparison was also performed between EC (OCEC Sunset field instrument)
and uncorrected Black Carbon provided by the Aethalometer instrument (Magee Sci-
entific, model AE31) leading also to very satisfactory results (r2 =0.96; N = 620; with
a slope of 1.65 without correction of the mass absorption efficiency; Sciare et al., un-
published data).

During this Megapoli campaign, dynamic filter blanks were performed on a daily ba-
sis by placing a total filter upstream of the PM, 5 cyclone of the OCEC Sunset field in-
strument. A systematic offset of 1.0 ug m~ was found for July 2009. This offset, which
depends strongly on the sampled air volume is traditionally considered to be due to
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VOC absorption (Bae et al., 2004; Arhami et al., 2006; Polidori et al., 2006) and ranges
from 0.5t0 2.0 ug m™° (Offenberg et al., 2007). The filters and Sunset instrument mea-
surements are consistent for EC at the LHVP station. However, filter measurements of
OC are much higher than the Sunset instrument measurements especially for the sec-
ond half of July 2009. The differences between the two measurements could be due to
condensation of SVOC or adsorption of some VOC on the filter or to the evaporation
of some SVOC from the Sunset instrument. However, as OC concentrations during
this campaign are very low, it is not surprising that the results from these two mea-
surements are different since the analytical bias (from the sampling and the chemical
analysis) are then relatively strong compared to the signal.

Three simulations were conducted: two simulations with the “H?O-Ref” mechanism
with and without anthropogenic emissions in the Paris area (all other emissions being
the same) to estimate the local contribution of OM and one simulation with the the
“H20-Mech” with all emissions. The simulation with “H?O-Ref” mechanism with anthro-
pogenic emissions reaches the criteria of performance of Russel and Dennis (2000) for
ozone (mean normalized bias of —4.2 % and mean normalized gross error of 15.4 %)
and the model performance goal of Boylan and Russell (2006) for PM, 5 (mean frac-
tional bias of —9.0 % and mean fractional error of 39 %).

4 Comparison of the model results with measurements

Concentrations of EC and OC simulated with “H?O-Ref” are shown in Fig. 3 at the
LHVP and SIRTA stations, and are compared with the 12-h filter measurements at both
sites and with hourly Sunset field instrument measurements (with or without the offset
of 1 g m’3) average over 12-h at the LHVP site. Comparisons with measurements for
EC and OC are shown in Figs. 4 and 5, respectively with correlations and root mean
square errors (RMSE) between filter measurements and model concentrations.

The model reproduces the high concentrations of OC at the SIRTA and LHVP sites
on 1 July, which is a day of high pollution (Royer et al., 2011) and shows satisfactory
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results at the SIRTA site for EC and OC, although they are both slightly overestimated
(0.50pgm™> of modeled EC against 0.38 ygm™ in measurements and 2.64 ugm™>
of modeled OC against 2.27 ugm‘3 in measurements). As EC is an inert pollutant
(i.e. it does not undergo chemical transformation), it may indicate an overestimation
of anthropogenic emissions near the SIRTA site. At the LHVP site, the model shows
satisfactory results for EC until 26 July (1.08 pug m~2 of modeled EC against 1.03 pg m=3
in filter measurements) but greatly underestimates EC and OC concentrations between
26 July and 29 July (1.22 ug m~2 of modeled EC on average against 2.11 ug m~ in filter
measurements). This underestimation could be explained by difficulties in modeling
urban meteorology and/or underestimation of emissions due to missing sources: high
traffic emissions due to holiday departures, meteorology potentially favorable to PM
resuspension, missing emissions of particles from cooking from the Airparif inventory,
whereas cooking was found by Prevot et al. (2011) to be one of the main sources of
organic aerosols in the Paris city center.

The modeled OC concentrations generally fall between the Sunset instrument mea-
surements with and without offset, but are much lower than the filter measurements (on
average, 2.87 ug m™~2 of modeled OC, 3.15 ug m™~2 of measured OC with the Sunset in-
strument with the offset and 3.73 ug m~ of measured OC with filter measurements).
The modeled concentration peaks of OC are generally observed by the filter measure-
ments but are not observed by the Sunset field instrument (for example, the peaks of
20, 28 and 29 July). Thus, the correlation coefficient (r) between the model and the
filter measurements (r = 0.75) is much higher than the correlation coefficient between
the model and the Sunset field instrument measurements (r = 0.49). Due to the differ-
ences between measurements performed with filters and the Sunset instrument, it is
difficult to conclude if the model underestimates or overestimates OC concentrations.

Since the Sunset instrument measurements are hourly, they provide insight into the
temporal profiles of EC and OC at the LHVP station. Figure 6 shows the measured
and modeled daily temporal profiles for EC and OC at the LHVP station from 5 July to
25 July (i.e. the period during which the Sunset instrument, the filters and the model
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give similar EC concentrations). As shown in this figure, “H?0-Ref” shows two peaks
corresponding to high EC emissions from traffic during rush hours. The first peak repro-
duces well the Sunset instrument measurements. However, the model also shows high
EC concentrations between 10a.m. and 8 p.m. with a peak at 4-5p.m. and low con-
centrations after 8 p.m. whereas the measurements show low concentrations between
8a.m. and 8p.m. and an increase in concentrations after 8 p.m. This could be due to
an incorrect temporal profile for traffic emissions in the Airparif inventory. Menut et al.
(2012) studied the impact of hourly emission profiles and provided more realistic tem-
poral profiles of traffic emissions for some cities (including Paris). Figure 7 shows the
temporal profiles of traffic emissions of the Airparif inventory and Menut et al. (2012).
The emission profile of the Airparif inventory gives very high emissions at the end of the
afternoon whereas emissions from the temporal profile of Menut et al. (2012) (noted
TPM hereafter) are much lower in the afternoon and higher at the end and beginning
of the day. Using TPM gives better results with lower EC concentrations during the af-
ternoon and higher EC concentrations at night, but the second peak of concentrations
given by the model still occurs too early and night concentrations are still too low (see
Fig. 6). Underestimation of EC concentrations at night could be due to the overesti-
mation of the nighttime PBL height by WRF using the YSU parameterization. It is also
possible that TPM does not reproduce exactly the temporal profile of summer traffic
emissions, because TPM is estimated by averaging “near traffic’ concentrations val-
ues measured on Mondays during a whole year. This temporal profile is, therefore, an
average temporal profile and is not specific to July, when holidays may strongly affect
the emission profile. To address this potential source of uncertainty, a temporal profile
of traffic emissions was estimated by matching the temporal profile of EC concentra-
tions. This estimated temporal profile of traffic emissions is shown in Fig. 7 and the
corresponding modeled EC concentration profile is shown in Fig. 6.

For OC concentrations, except for a peak at 10 p.m., the measured temporal profile
(shown Fig. 6) is almost constant with concentrations around 2.0 ug m~2 without the
offset. Allan et al. (2010) found high concentrations of organic aerosols due to cooking
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between 8 and 10 p.m. in London and Manchester. The 10 p.m. peak observed in Paris
could then be due to cooking activities. In that case, since cooking emissions are miss-
ing from the inventory, the model should not be able to reproduce this peak. The peaks
of EC corresponding to rush-hour high emissions do not appear in the observed tem-
poral profile of OC. “H20-Ref” gives two peaks corresponding to high emissions from
traffic given by the Airparif inventory, which do not appear in the measurements. How-
ever, the second OC peak disappears when TPM (which gives lower emissions in the
afternoon and higher emissions at night) is used but the first peak is unchanged. Using
the estimated temporal profile of traffic emissions confirms the disappearance of the
second peak but could not explain the absence of the first peak which clearly appears
in the temporal profile of EC.

One possible explanation is that evaporation of POA is underestimated by the model.
This is possible since evaporation of POA is based on results of Robinson et al. (2007),
which are based on measurements for organic loading higher than 20 g m™3. Partition-
ing of primary SVOC is then highly uncertain at the conditions of the simulation with
OC concentrations around 2 pg m3. Primary SVOC may not condense and organic
aerosols could then be secondary. It is also possible that the gas-particle partitioning
of primary SVOC is strongly affected by temperature and that an underestimation of
temperature during the morning rush hours could lead to a significant overestimation
of POA. However, no measurements of temperature are available during the campaign
at the LHVP site and therefore comparisons can not be made to verify if the tempera-
ture at this site is underestimated. Figure 8 shows the secondary OC (SOC) concen-
trations. This profile is relatively constant around 1.7 ug m~> with a small increase to
2.1ug m~2 and, except for the evening peak, this profile is very similar to the profile of
OC measured by the Sunset instrument. It may indicate that primary SVOC from traffic
did not condense in Paris in July 2009 or that POA from traffic were not captured by the
Sunset field instrument, which could then explain the differences between the Sunset
field instruments and the filter measurements.
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5 Comparison of two mechanisms for primary SVOC aging

A comparison of OC, SOC and primary organic carbon (POC) concentrations between
“H20-Ref” and “H?O-Mech” is shown in Fig. 9 and the OM/OC ratios for July 2009
computed with the two mechanisms are shown in Fig. 10. The OM/OC ratios computed
with “H?O-Ref” are higher than the OM/OC ratios computed with “H20-Mech”. This
difference is due to the lower OM/OC ratios of oxidized SVOC formed from the oxidation
of primary SVOC in “H?0-Mech” (between 1.27 and 1.85) than in “H?0O-Ref” (equal to
1.82). However, only one oxidation step is taken into account in “H20O-Mech” and, in
reality, oxidized SVOC should be more oxidized as numerous oxidation steps could
occur. “H?0O-Ref” gives an OM/OC ratio around 1.6 in Paris area; these results are
consistent with the results of Turpin and Lim (2001) for urban areas. Concentrations of
POC are lower with “H?O-Mech” than with “H*O-Ref”. As the organic aerosol loading
into which SVOC can be absorbed is the same in the two mechanisms, the lower
concentrations of POC with “H?0O-Mech” is due to the impact of activity coefficients
on the partitioning of primary SVOC (which is not taken into account in “H20-Ref”). It
indicates that primary SVOC condense less readily on an oxidized aerosol. This point
could be very important for SVOC partitioning in the atmosphere and, since “H?0-
Mech” only takes into account one oxidation step whereas numerous oxidation steps
are likely to occur in the atmosphere, this effect could be even greater than simulated
here. The secondary aerosol should be more oxidized in reality than in the model and
primary SVOC are possibly unable to condense on an oxidized aerosol. These results
confirm the results of the modeling study of Pun (2008) in which she found that POA
and SOA do not mix well together.

In contrast, SOC formation is higher in “H?0-Mech” than in “H?O-Ref” but SOA con-
centrations are similar (as shown in Fig. 11). Figure 11 shows that biogenic SOA are
similar with the two mechanisms. However, the concentrations of biogenic hydrophobic
compounds (BiNIT, BiNIT3, BiNGA, BiBIP, BiBmP, AnBIP, AnBmP which are described
in Couvidat et al., 2012), which are absorbed into the organic phase, concentrations
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are increased by 10 %. The higher concentration of biogenic hydrophobic SOA com-
pounds with “H?O-Mech” is due to lower activity coefficients. “H?0O-Ref” uses for the
computation of activity coefficients the same molecular structure as primary SVOC
(POAIP, POAmMP, POANP) for SOA formed from the oxidation of primary SVOC (SOAIP,
SOAmMP, SOANhP) and, therefore, it does not take into account the fact that these SOA
compounds are more oxidized than the primary compounds; this phenomenon is taken
into account in “H?O-Mech”. As the organic aerosol should be more oxidized in reality
than they are in “H20-Mech” (because the model takes into account only one oxida-
tion step), the condensation of some hydrophobic compounds leading to more SOA
formation may be underestimated. Concentrations of SOA formed from IVOC oxida-
tion are not insignificant (the average concentration at noon is 0.4 ug m~2) but are low
compared to SOA formation from SVOC oxidation.

6 Origins of particulate organic matter in the Paris area

The fraction of carbonaceous aerosol originating from the Paris area (i.e. from local
sources) is estimated with “H?0-Ref” by subtracting the results of a simulation without
the anthropogenic emissions in the Paris area from the results of the base simulation,
i.e. with those anthropogenic emissions. Figure 12 shows concentrations of EC and
OM and the local contribution of anthropogenic sources for July 2009. Whereas EC
is found to be almost entirely of local origin, OM inside Paris is found to have both
local and regional contributions. About 30 to 38 % of OM in the city center of Paris
(30 % at the LVHP site) can be attributed to local sources during July 2009. This result
is commensurate with those obtained by Airparif (2011) using a receptor-based ap-
proach: they estimated that at a background urban site, 27 % of OM was of local origin.
Figure 13 shows the composition of OM given by “H?0-Ref” at the LHVP and SIRTA
sites. OM has a similar composition at the two sites, but there are more primary SVOC
that have been oxidized at the suburban SIRTA site. At the LHVP site, OM consists of
aerosols from the boundary conditions of the European simulation (28 %), POA (23 %),
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SOA formed from primary SVOC oxidation (19 %), SOA formed by oxidation of biogenic
precursors (29 %), and SOA formed by oxidation of aromatic precursors (1 %).

We defined the amount of local aerosol by the difference between two simulations
with or without anthropogenic emissions. However, the system is not linear. For exam-
ple, the concentrations of some surrogates are higher over Paris with anthropogenic
emissions due to the increase of the absorbing media even they come from distant
sources. 16 % of SOA formed from sesquiterpene oxidation is then found to be local.
On the contrary, SOA concentrations from isoprene oxidation increase by 28 % when
anthropogenic emissions over Paris are removed. This is due to lower NO, concentra-
tions: instead of being oxidized under high-NO, conditions, isoprene is oxidized under
low-NO, conditions and forms SOA with higher yields. As the effect of NO, concentra-
tions is not taken into account for monoterpenes and sesquiterpenes, it is possible that
more SOA could be formed from these precursors without anthropogenic emissions
over the Paris area.

7 Conclusions

Organic aerosol formation was simulated over the Paris area during July 2009. Re-
sults of the model simulations were compared to measurements conducted during the
Megapoli campaign. The model simulated a morning peak of concentrations due to
rush-hour traffic for both EC and OC; however, this peak appears in the EC measure-
ments, but does not appear in the OC measurements. This discrepancy between the
model and the measurements could be due to the underestimation of POA evapora-
tion at low organic loading by the model, to uncertainties in the modeled temperature,
which can affect the gas-particle partitioning or to POA from traffic, which would not be
captured by the Sunset field instrument. Using a mechanism for oxidation of primary
SVOC that takes into account the molecular structure of primary and secondary sur-
rogate molecules and, therefore, includes explicitly the effect of activity coefficients on
SVOC gas/particle partitioning, it was found that oxidized organic aerosols have low
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affinity with POA and that POA and SOA do not mix well together. Condensation of
primary SVOC is likely to be overestimated by a model that does not fully account for
the non-ideality of the organic condensed phase, whereas SOA is likely to be underes-
timated. Moreover, treating the organic aerosol solution as a one-phase ideal solution
or using simple partitioning constants (which do not take into account the affinity of
a compound with the liquid aerosol solutions) probably overestimates the condensa-
tion of primary SVOC.

Organic aerosols in Paris were found to be mainly anthropogenic with 30 to 40 %
of OM due to local sources. According to the model, most of the OM results from the
condensation of primary SVOC and their oxidation products. Biogenic VOC form only
a small quantity of SOA (29 % of OM) and are minor precursors in this simulation. Com-
parisons of modeled biogenic SOA concentrations with molecular SOA tracer measure-
ments are needed to confirm this result and evaluate the biogenic emission inventory
for Europe.
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Table 1. Properties of the different surrogate primary SVOC species.

Surrogate  Molecular Saturation vapor  Percentage
structure (g mol_1) pressure (torr)  of emissions
HC24 tetracosane 3.01x1078 7.38 %
ACD18  octadecanoic acid 4.80x1078 9.92%
DIACD18  octadecanedioic acid 3.60x 1078 7.70%
HC20 eicosane 9.64x 107 4.60 %
PYR pyrene 1.94x107° 27.40%
HC17 heptadecane 1.19x107* 33.11%
FLU fluorene 9.95x107° 3.57%
AROM methyl-benzoic acid 1.68x 107 6.33%
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Table 2. Reactions of oxidation of primary SVOC (top panel) and IVOC (bottom panel) species
(the oxidant species is listed as both reactant and product to ensure that the gas phase mech-
anism is not affected by these additional reactions).

ACPD
12, 23471-23511, 2012

Jaded uoissnasiqg

Reaction Klne3tIC rate pa_r?m_?ter Modeling SOA
(cm“molecule” 's™') .

. formation over the
HC24 + HO — AnALKF24 + HO 1.19x 107" Paris area
ACD18 + HO — AnACD18 + HO 1.1x107" 2
DIACD18 + HO — AnDIACD18 + HO 1.1x107" £ F. Couvidat et al.
HC20 + HO — AnALKF20 + HO 1.13x 107" 2.
PYR + HO — 1.0 AnPYR + HO 3.0x107" -
HC17 + HO — 0.516 AnALKF17 + 0.0634 AnALKS17 + HO  1.09 x 101'111 % _
FLU + HO — 1.0 AnFLU + HO 3.0x 10" %
AROM + HO — 1.0 AnAROM + HO 3.0x 107" - ! !
HC15 + HO — 0.053 AnALKS15 + 0.46 AnALKF15+HO  1.07x 107" &
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Table 3. Properties of the different surrogate secondary SVOC species formed from primary formation over the
SVOC oxidation (top panel) and IVOC oxidation (bottom panel). . Paris area

Surrogate Molecular weight ~ Saturation vapor pressure (torr) OM/OC S E. Couvidat et al.

(7]
AnALKF24 368 2.32x 107" 1.28 g
AnACD18 314 3.69x 107" 1.45 -
AnDIACD18 344 271x 107" 1.59 %:
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AnALKF17 270 1.03x107° 1.32 - ! !
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o
AnFLU 198 249 10° 127 - N .
AnAROM 152 1.26x107° 1.58 o
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AnPAHhN 182 1.0x107° 1.90 o _

2

o

5

3

QO

?

-

23498


http://www.atmos-chem-phys-discuss.net
http://www.atmos-chem-phys-discuss.net/12/23471/2012/acpd-12-23471-2012-print.pdf
http://www.atmos-chem-phys-discuss.net/12/23471/2012/acpd-12-23471-2012-discussion.html
http://creativecommons.org/licenses/by/3.0/

AnPAHIN
OH O

OH

OH 1o

OH O

Fig. 1. Molecular structures of AnPAHIN and AnPAHhN used as surrogates for SOA forma-
tion from naphthalene and alkylnaphthalene oxidation under low-NO, and high-NO, conditions,

respectively.
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Fig. 3. Simulated concentrations in pgm™= of EC (left) and OM (right) for July 2009. The red
and black crosses correspond to the LHVP and SIRTA sites, respectively.
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Fig. 4. 12h averaged concentrations of EC modeled with “H?0-Ref” and measured with filters

at the SIRTA site (left) and with both filters and Sunset filed instrument at the LHVP (right) site
(correlations and RMSE are between the model and the filter measurements).
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Fig. 5. 12 h averaged concentrations of OC modeled with “H?0-Ref” and measured with filters
at the SIRTA (left) and with both filters and Sunset field instrument at the LHVP (right) site
(correlations and RMSE are between the model and the filter measurements).
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Fig. 6. Measured and modeled daily temporal profiles for EC (left) and OC (right) at the LHVP
site from 5 July to 25 July, 2009. H?O-TPM stands for the results of “H*O-Ref” with the temporal
profile of Menut et al. (2012) for traffic emissions; H?O-estimated corresponds to the use of an
estimated emission temporal profile that matches the observed temporal profile of EC.
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Fig. 7. Temporal profiles of traffic emissions from the Airparif inventory, from Menut et al. (2012)
(TPM) and from matching EC observations at the LHVP station (estimated profile).
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Fig. 11. Modeled temporal profiles of total SOA (in red), of SOA from primary SVOC oxidation
(in blue), of biogenic SOA (in green), and of SOA from IVOC oxidation — in black) for “H?O-Ref”

(solid lines) and for “H?0-Mech” (dashed lines).
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Fraction of local EC (%)

Fig. 12. Fraction of local aerosol in % (bottom) for EC (left) and OM (right) for July 2009.
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SIRTA LHVP

Fig. 13. Averaged composition of OM at the SIRTA (left) and LHVP (right) sites modeled with
“H?0O-Ref”. Red: POA, purple: SOA formed form oxidation of primary SVOC, orange: OM from
boundary conditions used for the European simulation (long-range transport of OM), yellow:
SOA formed from aromatics oxidation, blue: SOA formed from monoterpenes oxidation, green:
SOA formed from sesquiterpenes oxidation, aqua: SOA formed from isoprene oxidation.
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