Volatile and Intermediate -Volatility Organic Compounds in
sub -urban Paris: variability, origin and importance for SOA

formation: author’s response to referee #1.

First, we would like to thank the reviewer for teduable comments on the manuscript. We answer to
the comments addressed by referee #1 and sumntlagizdhanges made to the revised manuscript in

the following document.

v My first major concern is the paper’s framing ofQ€s — The manuscript only considers 5 IVOCs
(all n-alkanes) but it seems to equate them witMOCs”. For example, the abstract states that
“10% (of the SOA is) explained by onlyAC;s IVOCs.” This statement is not correct. The only
IVOCs that paper accounts for SOA formation fronCisto C;s normal alkanes. That is a small
subset of the IVOCs. There are likely many manyeriprto Ce IVOCs that were not measured
that therefore not considered (branched, cyclic,HRA&tc.). This issue was mentioned in the
discussion but the statement like that given athovtbe abstract will likely confuse many readers
because the text implies in many places that theyeatimating the SOA from IVOCs not 5 n-
alkanes. By only measuring a few compounds, thergagikely only exploring th so called tip of
the iceberg when it comes to SOA formation fromQ@¥CFor example, Fraser et al. (Fraser, M.
P.; Cass, G. R.; Simoneit, B. R. T.; RasmusseA, ,Rir quality model evaluation for organics. 4.
C2-C36 non-aromatic hydrocarbons. Environ. Sci. hret. 1997, 31, (8), 2356-2367)
demonstrates that the vast majority of IVOC mas&des Angeles is not n-alkanes (or simple
aromatics, etc.). The paper needs to use more ggdainguage to not confuse the reader into

thinking it is provides a comprehensive estimat8©A from IVOCs.

We do agree that our use of the “IVOC” term carsbmetimes confusing, especially in the abstract.
To avoid such confusion, we modified the text sordader understands that our study focuses on 5 n-
alkanes. Hence, every time it was needed, we $pecit;»-C;s n-alkanes” IVOCs. In the discussion

manuscript:

P 4843, Line 26: “when the IVOCs are taken intooact” becomes “when the;£C,¢ n-alkanes are

taken into account”;
P 4868, Line 16: “by the IVOCs” becomes “by thg-C; n-alkanes IVOCs”;

P 4868, line 25: “the IVOCs up to £ becomes “the n-alkanes IVOCs up tg'C



P 4869, Line 4: “VOCs and IVOCs” becomes “VOCs &hgC;s n-alkanes IVOCs™;
P 4869, Line 14: “and IVOCs” becomes “ang-C;s n-alkanes IVOCs”;
P 4870, Line 10: “the IVOCs” becomes “the-C;s n-alkanes IVOCs”;

P 4871, Line 16: we added “(£C;s n-alkanes)” after “some IVOCs were taken into acddere” so

it reads “some IVOCs were taken into account h€ieC,¢ n-alkanes)”;

P 4872, Line 15: “the seasonal variation of IVOQ@®comes “the seasonal variation of,-Cig

n-alkanes of intermediate volatility”.

v The second major point is that | have some probleitisthe SOA production estimates. The SOA

yields for the IVOCs are taken from Lim and Ziemarirese experiments measured yields at very
high concentrations (in excess of 500 ug/m3) innm@g chamber. These concentrations are
substantially higher than the ambient concentrawd®.2~9 ug/m3. This completely biases the gas

particle partitioning and will cause the yields be overestimated. This point is mentioned in the

text, but the authors do not do any analysis tddrguantify the potential bias. Simply applying th

yields of Lim and Ziemann to the atmosphere is ¢etely unrealistic and will greatly

overestimate the amount of SOA from these compodurtts authors need to quantitatively
examine this bias. One way would be estimate thitipaing bias in the Lim and Ziemann data
using other n-alkane yield parameterizations. Arotivould be to simply use the high-NOx yields
for n-alkanes which were measured at atmospheyicalevant concentrations of Presto et al.
(2010). The bottomline is the SOA mass vields eC%re substantially overestimated if the

effect of OA concentrations on SOA yields wasaiart into account.

Following the referee’s comment we have changed30& yields used in our estimations. We
investigated the SOA formation from the measure®@@¢ degradation using the particulate yields
determined by Presto et al. (2010). They have oeted the SOA yields for the;&£Cys n-alkanes
under high-NOx conditions but at 0.1 ug<aCoa<50 pg nt. We used the SOA yields determined at
Coa=2 pg n?, which is more atmospherically relevant considgrine average OA (1.8 ugin
measured at SIRTA in July 2009. As for the aromatiompounds, we also used their more
atmospherically relevant SOA vyields, i.e. thoseeduined during chamber experiments under low-
NO, conditions but with g,=40 pg . Hence, in order to fairer compare the aromati¥ribution
with the IVOCs contribution to SOA formation, wesalinvestigated the SOA formation using the
C.»Cis n-alkanes vyields determined at£40 pg nt,(high-NQ) (Presto et al., 2010), and the
aromatics yields determined under high-NOx cond#i¢G,,=40 pg nT) (Ng et al., 2007) following



the integrated approach. As for thg-@; n-alkanes, we used Lim and Ziemmann's SOA yields

(2009) since they are the most recent SOA vyields.

Hence we modified the SOA vyields of the-C1s n-alkanes and the aromatic compounds presented in
Table 3. For these compounds, we show two set laksathe first is the one determined under the
most relevant atmospheric conditions, i.@x€ 2 pg n® and high-NQ for the IVOCs and
Coa=40 ug nmt and low-NQ for the aromatics; the second is the one detednimeder similar
conditions (Ga= 40 pg rit.and high-NQ) for both IVOCs and aromatics.

v" One consequence of using very high yields is tiaféw normal alkanes IVOC measured by this
study contribute a surprising large fraction (10%f) the SOA. In diesel exhaust (likely the most
important source of these normal alkaneg} C;¢ n-alkanes contribute less than 10% of the IVOC
emissions (Schauer et al., 1999 EST). As a rakaliamount of SOA formed solely by IVOCs could
be greater than the measured SOA (without takihg &Tcount other processes such as aqueous

reactions). Estimation of SOA production from the Cis needs to be revisited.

Following the referee’s previous comment, we réetithe SOA production from the, £, With
the new SOA yields, under the environmental coodgtiencountered at SIRTA & 2 ug nt), we
estimated the SOA mass from these compounds t&d@neegrated approach) and 8% (time-resolved

approach).

There were a fair number of confusing statemerits r@spect to SOA formation.

v’ Page 4863 — In the same paragraph you say “SOAlyidetermined under low-NOx conditions
were used when available (see Supplement, Sefur 88tails).” But then, two sentences later you
say “However, for more consistency, only the SGgdgi determined under high-NOx conditions

are used here.” Which is it?

Ideally, we would have used SOA yields determinaden low-NOXx conditions and lowds, since
those experimental conditions are the closestdaathbient conditions encountered at SIRTA during
the MEGAPOLI summertime campaign. SOA yields of #rematic compounds were determined
under such conditions, since,&40ug n? and [NQ] <1 ppb, on average (Odum et al., 1997; Ng et
al., 2007). We used these SOA yields for the armntatmpounds. As for the IVOCs, dodecane is the
only IVOC of interest in this study whose SOA vyidids been determined under both lowsN@d
low Coa conditions (Cappa et al., 2013; Loza et al., 20BH8wever, many studies have investigated
the SOA yields of the C¢ n-alkanes IVOCs under high-N©@oncentrations and/or highyC(Lim
and Ziemann, 2005, 2009; Jordan et al., 2008; #edstl., 2010). Instead of considering IVOCs SOA
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yields determined under very different experimentaiditions, we rather used yields determine under
similar conditions, i.e. high-NQand high G,, even though they are less representative of the
atmospheric conditions at SIRTA in summer 2009.sThwe could discuss about the contribution of

the G,-Cis n-alkanes IVOCs to SOA formation compared to thosdhe aromatic compounds.

Finally, we used the Lim and Ziemann’s SOA yiel#8Q9), in the discussion manuscript.

We modified this paragraph (starting Page 486G revised manuscript), taking into account the
modification in the SOA estimation induced by thmmlVOCs SOA yields (see the answer to the

referee’s previous comment). The paragraph becomes:

“- The SOA vyields The SOA vyields used here (provided in Table 3 @re most recent ones

determined in chamber experiments, and the moavast to the MEGAPOLI campaign conditions.
SOA vyields are known to be highly influenced by teperimental conditions in the chamber,
especially by the NQOconcentrations and the organic mass concentrafi@s)d (Hildebrandt et al.,
2009; Presto et al.,, 2010; Aumont et al., 2012;cikeet al., 2012). At SIRTA, on average,
Coa=1.8 pg nT and the NQconcentration is 6.9+4.8 ppb. These environmertatitions correspond
to low-Coa and low-NQ conditions, regarding chamber experiments. Whilantber experiment
conditions under which SOA yields are determinesl quite variable, they never meet both the low-
NO, and low-G, criteria. SOA yields of the aromatic compoundseneither determined at IeiNO,
and high NQ (Ng et al., 2007) conditions but always at high.€40 ug n? (see supplementary
material, Section S4 for details). On the oppoSIBA yields of the volatile and;&C,¢ intermediate
volatile n-alkanes were determined at high or layy But always under high N@onditions (Lim and
Ziemann, 2009; Presto et al., 2010). Therefore S0& formation will be studied using two sets of
SOA vyields for the ¢-Ci¢ n-alkanes and the aromatics, from the integrapguiomch only. The first
SOA vyield values reported in Table 3 are thoserdeted under the most relevant atmaospheric
conditions for this study, i.e lowda=2 pg nt (but high-NQ) for the IVOCs and low-NQ(but high-
Coa=40 pug nt) for the aromatics. The second SOA vyield values thpse obtained from chamber
experiments performed under similaro,C and NQ conditions, i.e. high-NOx and high
Coa=40 pg nt.The second set of SOA yields will be used to camphe contribution to SOA
formation of the G-C;s n-alkanes against the contribution of the whole V@E &-C;; n-alkanes
SOA yields are those determined by Lim and Ziem@mm and Ziemann, 2009) under high-Nénd
high Goa (400pg MP<Coa<1 600 pg m) conditions. High-NQ SOA yields are much more important
than lowNO, SOA yields for the ralkanes (Loza et al., 2014). Besides, the highgri§; the higher
the SOA vyield is (Hildebrandt et al., 2009; Prestaal., 2010; Aumont et al., 2012; Tkacik et al.,
2012).".



v “Coa in chamber experiments is ten to hundred timehdrighan the ambient organic mass
concentrations.” This is true in some experimesetg.(those of Lim and Ziemann) but that is not

universally true.

We agree with the referee; the statement is noteusally true. We have withdrawn the sentence (see

the answer to the referee’s previous comment).

v Table 3 — | found the yields very confusing. | izathese are yield to CO, but you are forcing the
readers to do unit conversions to compare withdhginal sources. The authors should report the

yields in the standard (and much more interpretablats of mass SOA/mass precursor reacted.

The yields reported in table 3 are not yield to Ge yields presented in Table 3 are already
expressed in units of mass SOA (ug)fmass precursor reacted (ppm); their unit is thgmi® ppm’.
Hence we did not modify the SOA yields unit fromblea3.

v' CO as tracer of anthropogenic emissions, especialgg VOC/CO ratios. CO (at least in the US)
is dominated by emissions from gasoline vehiclasn Inot sure in Europe. Gasoline vehicles are
only one class of anthropogenic source. How rolsifitto use these ratios, especially for IVOCs

which are likely emitted by other (non-gasolineigkehsources)?

The determination of the emission ratios of IVO®@sroCO are derived from the nonane-to-CO ratios
from ambient observations in Paris and from the GAD-nonane emission ratios derived from
emission factors weighted by the proportion of €iesnd gasoline motorizations in France (see
section 4.1). Therefore these ratios take into @ticahe relative importance of both classes of
vehicles. So does the resulting IVOC-to-CO emisgiatio. However one cannot exclude that this
emission ratio would be different in the US. IndegdEurope as in the US, CO is dominated by
emissions from gasoline vehicles and IVOCs arecratimitted from diesel-fueled engine (Schauer et
al., 1999, 2002; Gentner et al., 2013). We estithtttat the car fleet in Paris during the summertime
MEGAPOLI experiment comprised 1.5 times more diesgb than gasoline vehicles (Section 4.1 of
the discussion manuscript). Thus, CO emissions fgasoline cars represent 60% of the total CO
emissions in the Paris area, while diesel carsritoion to CO emissions is 40%. The importance of

diesel vs gasoline emissions for CO and IVOCs & might influence the value of this ratio.

v “The important use of diesel by light-duty carsEarope, and more particularly in France, might

explain the higher POA emission ratio determine@ERTA, diesel being known to emit 13 times



more organic particles than gasoline” It is not gnihat diesel emit more POA than gasoline
powered cars, but they also likely emit less Cms® needs to consider both components in the
OA/CO ratio.

We agree with the referee. Thus, we modified tmeesee cited by the referee as following:

“The important use of diesel by light-duty carsBEnrope, and more particularly in France, might
explain the higher POA emission ratio determinedSHRTA: not only diesel emits less CO than
gasoline(Allan et al., 2010; Gentner et al., 2018yt the POA emission factor is 14 times more inmguatrt
from diesel-fueled vehicles (heavy-duty) than frgasoline-fueled cars (light-duty) (Dallmann et al.,
2013).”

v’ Page 4868, line 13-14: “The I/VOC precursors expldi5% of the SOA measured at SIRTA”".
However, the SOA production from I/VOC was estithaising the integrated approach. This
approach overestimates SOA production by assunonmplete reaction of all precursors to form
SOA. Since the time resolved approach was also ns#ds study and better predict the actual
SOA production in the atmosphere, the contributiohd/VOC precursors to SOA using this
approach should be included in Fig. 6.

Following the referee’s comment, we completed Bidpy adding the results of the SOA estimation

from the time-resolved approach.

v 2) Page 4852, line 23-29 (also in the abstract)e Budy reports a higher mixing ratio of £C;s

in the summer than the winter. They speculate ttiiatwas due to gas/particle partitioning. | am
skeptical of this claim. These are very volatile@dps — the least volatile {Cnormal alkane) has

C greater than 50,000 ug/m3. therefore it seemseeety unlikely that appreciable amounts of
any of these species would partition into the cosdd phase under any atmospheric conditions.
Furthermore, the modest summer-winter swing in tatpre will only modestly change the vapor
pressure (this change can easily be estimated mwihsured temperature and clausius clapeyron).
It seems much more likely that some other proagdsanfe in the emissions, change in boundary
layer height) is driving the seasonal changes i@0G/concentrations. If the authors want to argue
that it is partitioning then they need to provideme quantitative evidence for it. The authors did
cite some studies that suggest seasonal partitipeffects — | looked up one of these references up
(Bi et al. 2003). That study used filter followedRIUF. It is likely that the small amounts of IVOCs
that they sampled in this carbon number range argly sampling artifacts (adsorbed vapors on

filters) as opposed to actual particle phase organi



Following the referee’s advice, we calculated tls-ghase partitioning constay, from Pankow
theory (Pankow, 1994). We determined the summertimeé wintertimeK, for the least volatile
compounds we measured during the MEGAPOLI expelispée. hexadecane.

The gas-phase partitioning constant of a compougl,iis defined as (Pankow, 1994):

v _fom 760 RT
PL MW ipy ;106

With f,, the fraction of total aerosol mass that is orgammatter, R the gas constant
(8.2 x 16 m® atm mot* K-), T the ambient temperature (K)IW,, the average molecular weight of
organic matter in the aerosol (g mpl¢; the activity coefficient of the compoundp'zli the liquid

vapor pressure of compound i (Torr).

Table A presents the different parameters needethéodetermination afp hexagecandrOm the SIRTA
measurements. Concernir;gili, we determined it from the vapor pressure avalablthe Reaxys

database http://www.elsevier.com/online-tools/reajyswe corrected it for temperature using

Clausius-Clapeyron relationship (Williams et alQ1@). MW,, has not been determined for the
MEGAPOLI experiments. Williams et al. (2010) hawetetmined a value of 200 g rridrom ambient
measurements of the particulate matter at the UWsityeof California, Riverside (USA). Their
sampling site is located near an important high@2gcherty et al., 2011). Hence, the influence of
traffic and more generally of the local emissionrses is certainly more important at Riverside than
at SIRTA. Even though the composition of the orgamiatter might be different between the two
sampling sites, we used the sai&\,, value than Williams et al. (2010) (200 g mplin our
calculations. Indeed, it appears to be a good astimespecially since, in summéy, at Riverside
(41%) (Williams et al., 2010) is similar thdg, at SIRTA (48.9%). As fO(}exadecane Value, it is
somewhere around 6: Chandramouli et al. (2003) ldtermined from models a mean activity
coefficient of 6.5 (+3.6) for heptadecane in pdeticemitted from catalyzed and uncatalyzed gasoline

engine exhaust. For this reason, we havé;s€liecane =6-

Kp hexadecandS found to be 2.16x10and 8.61x10 in summer and in winter, respectively. Even though
Kp.winter < Kp summer these results indicate that the fraction of hexade in the particulate phase is not
significant in summer and in winter. Hence, hexadecand the GC;s n-alkanes IVOCs are mainly

in the gas-phase during both MEGAPOLI campaighsdnsequence, we withdraw the conclusions
stating that the seasonal variation in the IVOQsceatrations is due to an enhanced patrtitioning to

the particulate phase in winter.

The variation in these compounds concentrationsdei the two campaigns results more likely from
seasonal modification(s) in the strength and/orety the source emissions. We modified the

conclusions in the revised manuscript:



“- the seasonal variation of£C;s n-alkanes of intermediate volatility follows anpamsite trend to
traditional anthropogenic VOCs with lower concefitras in winter. The variation of these
compounds mixing ratios rather results from a claingtheir emission sources (type, strength) than

from the partition to the gas-phase to the pati®iphase of these lower volatility species.”

Table A. Parameters used for the determination of the paseppartitioning constak, nexadecane

Summer experiment Winter Experiment
fom (%) 48.9 36.0
Mean T (K) 291.5 275.1
MW, (g mol™) 200 200
pL,; (Torr) 3.43x1d 5.97x10°
Gi 6 6

v Abstract “including for the first time GCis n-alkanes of intermediate volatility (IVOCs),
suspected to be efficient precursors of secondeggroc aerosol (SOA).” This statement is not
true. In fact this paper cites some other studieg have measured n-alkanes. (Kadowaski, 1994;
Bi et al., 2003; Guo et al., 2009). My favorite wast referenced — Fraser, M. P.; Cass, G. R,;
Simoneit, B. R. T.; Rasmussen, R. A., Air qualitdehevaluation data for organics. 4. C2-C36
non-aromatic hydrocarbons. Environ. Sci. Techndl®97, 31, (8), 2356-2367. Previous models
have also explicitluy accounted for the large naaiés on SOA formation (see e.g work of Havala
Pye), chamber experiments to Jathar et al. (ACP220dtc.

We have withdrawn “for the first time” from thisrgence in the abstract. As for the reference the
reviewer suggested to add, we did not add it is plairagraph, since we reported studies investiggatin
the G»C6 n-alkanes concentrations during both summer amdewi Fraser et al. (1997) measured

these compounds only in summer (September 8-8)199

v' The paper performed comprehensive speciation aisabfsorganic gases. Both speciated VOCs

and NMOC were measured, it would be great to st@fraction of speciated VOCs are NMOC.

We agree with the referee: we did perform a comgmesive speciation of the organic gases which
would be interesting to discuss. However, we araidfthat such discussion in this manuscript could

be stepped aside by all the information alreadyemted. Hence, we do not show the fraction of



speciated VOCs and NMOC in this manuscript. Andiatt, we currently prepare another manuscript
on the gaseous organic compounds measured at Sileiidg the MEGAPOLI experiments. We will

then discuss on the prominence of the NMOC oveMDEs.
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Volatile and Intermediate -Volatility Organic Compounds in
sub -urban Paris: variability, origin and importance for SOA

formation: author’s response to referee #2.

First, we would like to thank the reviewer for teduable comments on the manuscript. We answer to
the comments addressed by referee #2 and sumntiaeizdhanges made to the revised manuscript in

the following document.

Specific comments:

v Page 4848, Line 26: | am unclear what the abbréeram a.g.l. is? Please define. Also it is not
clear what the time resolution of the adsorbenttri@dge measurements were, this needs to be
stated for both the 1/VOC and OVOCs. | think it Wiobe really helpful to the reader to add the
offline adsorbent cartridge measurements to Tabléhi® table could have two parts one for the

online measurements as already shown and anothéndaffline measurements.

m a.g.l stands for “meter above ground level’. ®antence starting page 4848 Line 26 in the
discussion paper has been modified in the revisauuscript and becomes:

“Gaseous compounds were sampled at approximataiadove ground level (a.g.l.)”

The time resolution of both adsorbent cartridgesasueements (multi-sorbent cartridges and DNPH-

coated cartridges) is 3 hours. This has been defmthe revised manuscript

As for the tables presenting the instruments, weréfer to present separately the off-line andaifre
line measurements. Some parameters differ from tgpe of measurements to another (e.g. the
column sorbent and the analysis associated tol@adtof cartridge). The reader could be confused if

Table 1 (for the off-line measurements) and Tah®2the on-line measurements) are combined.

v Page 4854, Line 15: Why are the OM measurementsageé to 3 hours, the AMS has much

higher time resolution? Is this the time resolutairthe adsorbent cartridge samples?

3 hours is the time resolution of the adsorbentridge samples (it has been defined in the revised

manuscript). This is indeed the reason why we gestdhe OM measurements to 3 hours.
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v' Page 4852, Line 23: the authors describe the sedgtifierence in the IVOCs (&€C;s n-alkanes)
between winter ans summer and say that the loweingiratios in winter may be due to gas-to-
particle partitioning. | think that the differendeetween winter and summer should be explicit
defined as difference in the gas phase mixing satitow are the particles being removed during
the gas phase adsorbent cartridge measurements®Gbe use of different sampling modules
(SASS in summer and ACROSS in winter) be the sairesy of these differences? In the
conclusions section, the authors state that thetifi@ning from the gas phase to the particulate
phase dominates the variability and is enhancedinter’, in my opinion they have not shown this.
Previous work (Williams, B. J.; Goldstein, A. H.reliSberg, N. M.; Hering, S. V., In situ
measurements of gas/particle-phase transitionsatorospheric semivolatile organic compounds.
Proceedings of the National Academy of Sciencéseobnited States of America 2010, 107, (15),
6676-6681.) showed that these n-alkanes are >90 #hd particle phase (from measurements and
Pankow theory) so | expect enhanced partitioninty evily be able to explain a small change in
winter/summer concentrations. The authors have yvielg they need to calculate the gas to
particle partitioning of these alkanes using Pankpartitioning theory (Pankow, J. F., 1994,
Atmospheric Environment, 28, 185-188). This needsetdone to support the stated conclusions.

Does it explain the observations?

Following the referee’s advice, we calculated tls-ghase partitioning constafg, from Pankow
theory (Pankow, 1994). We determined the summertimeé wintertimeK, for the least volatile
compounds we measured during the MEGAPOLI expelispér. hexadecane.

The gas-phase partitioning constant of a compougl,iis defined as (Pankow, 1994):

P fom 760 RT
Pr MWy ipy ;106

With f,, the fraction of total aerosol mass that is orgammatter, R the gas constant
(8.2 x 16 m® atm mot* K-), T the ambient temperature (K)IW,, the average molecular weight of
organic matter in the aerosol (g mpl¢; the activity coefficient of the compoundp';i the liquid

vapor pressure of compound i (Torr).

Table B presents the different parameters needeithéodetermination af; hexagecandfOm the SIRTA
measurements. Concernir’pgi‘i, we determined it from the vapor pressure avaidlablthe Reaxys

database http://www.elsevier.com/online-tools/reajyswe corrected it for temperature using

Clausius-Clapeyron relationship (Williams et alQ1@). MW,, has not been determined for the
MEGAPOLI experiments. Williams et al. (2010) hawetetmined a value of 200 g rridrom ambient
measurements of the particulate matter at the UWsityeof California, Riverside (USA). Their

sampling site is located near an important high@2gcherty et al., 2011). Hence, the influence of
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traffic and more generally of the local emissionrses is certainly more important at Riverside than
at SIRTA. Even though the composition of the orgamiatter might be different between the two
sampling sites, we used the saM&\,, value than Williams et al. (2010) (200 g mplin our
calculations. Indeed, it appears to be a good agtimespecially since, in summey, at Riverside
(41%) (Williams et al., 2010) is similar thdg, at SIRTA (48.9%). As fO{}cxadecane Value, it is
somewhere around 6: Chandramouli et al. (2003) ldtermined from models a mean activity
coefficient of 6.5 (+3.6) for heptadecane in pdetcemitted from catalyzed and uncatalyzed gasoline

engine exhaust. For this reason, we havé;s€liecane =6-

KphexadecandS found to be 2.16x10and 8.61x1d in summer and in winter, respectively. Even though
Kopwinter < Kp summer these results indicate that the fraction of hexade in the particulate phase is not
significant in summer and in winter. Hence, hexadecand the GC;s n-alkanes IVOCs are mainly

in the gas-phase during both MEGAPOLI campaighsdnsequence, we withdraw the conclusions
stating that the seasonal variation in the IVOQsceatrations is due to an enhanced patrtitioning to

the particulate phase in winter.

The referee suggests that the seasonal variatidheinVOCs concentration might be due to the
different sampling instruments used during the ME®&AI campaigns. The two sampling
instruments, both developed by TERA Environmenffedimainly by the number of cartridges that
can be installed for the measurements. The sampiodyle is similar: they are both based on a pump
coupled to a mass flow controller for air samplifetournay et al. (2011) carried on a complete
characterization of one of the TERA Environmentispling system, with identical sampling module
than ACROSS and SASS, and they validated theC¢ n-alkanes sampling by the instrument. At
SIRTA, the flowrate was checked before, during after the field campaigns, to ensure that there was
no change in the flowrate. At last, in order toidvine sampling of particles, we installed staigles
steel particle filters of 2 um porosity (SwagelokBgtween the sampling line and the cartridges.
Considering all the precautions taken for the mesamsants, we do not believe that using different

sampling systems caused the seasonal variatidre inVOCs concentrations.

Hence, the variation in these compounds conceotratbetween the two campaigns results more
likely from seasonal modification(s) in the stréamgind/or type of the source emissions. We modified

the conclusions in the revised manuscript as to:

“- the seasonal variation of £Cys n-alkanes of intermediate volatility follows anpmsite trend to
traditional anthropogenic VOCs with lower concefitras in winter. The variation of these
compounds mixing ratios rather results from a claingtheir emission sources (type, strength) than

from the partition to the gas-phase to the parieiphase of these lower volatility species.”
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Table B. Parameters used for the determination of the baseppartitioning constalt, nexagecane

Summer experiment Winter Experiment
fom (%) 48.9 36.0
Mean T (K) 291.5 275.1
MWon (g mol) 200 200
pL,; (Torr) 3.43x10° 5.97x10°
Gi 6 6

v In section 3.2, the authors describe the PMF anslgéthe AMS data and describe the two factor
solution, HOA and OOA. The HOA factor having bagth&r split in other work into HOA-traffic
and COA (which | assume is cooking organic aertemause it is not explicitly defined here). In
many previous papers OOA is further split into tiaotors called SV-OOA (semi-volatile OOA)
and LV-OOA (low volatility OOA), | am curious asudether the authors thought about doing
this? Typically, SV-OOA represents fresher SOA hwhieght be expected to form faster and be
more associated with gas phase oxidation chemighije LV-OOA is more aged. | would think
that with the approach employed here that the anstinuld want to be comparing their results to
SV-OOA as opposed to the total OOA.

For the summer campaign, two sets of PMF analysie been performed on the AMS data. Freutel et
al. (2013) identified two components (HOA and OOWhile Crippa et al. (2013) further split the
components by identifying 5 factors. They split @@A factor from Freutel et al.’s study (2013) into
LV-OOA and SV-OOA. On average, SV-OOA and LV-OOApresent 56% and 44% of OOA,
respectively. Our SOA estimation from the measuf®@®Cs (46%) is consistent with the semi-

volatile fraction of OOA. Hence, we added the faling sentence in section 3.2:

“The OOA component has also been separated intodttkerent factors from the PMF analyses of
Crippa et al. (2013): semi-volatile OOA (SV-OOA)datow-volatile-OOA (LV-OOA). SVOOA is
considered to be the freshest SOA, i.e. freshiméat, contrary to the more aged LV-OOA (Jimenez et
al., 2009). During the MEGAPOLI summer experime3¥-O0A and LV-OOA represent on average
56% and 44% of OOA, respectively.”

And the following sentences in section 5.3.2.:
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“When compared to the semi-volatile fraction of O(¥th Freney et al.’s SOA estimation (2013)
and ours are consistent with SV-OOA, which repres&6% of OOA. We could both estimate the
freshest OOA.”

Also, we defined COA (as Cooking Organic Aerosal) the revised manuscript, following the

referee’'s comment.

v The discussion of the use of an inert tracer fanmadization (Page 4864) is very confusing and it
is very unclear what was actually done. It seefks tio normalization was done but | cannot be

sure. This paragraph needs to be significantly neled for clarity.

The referee is right: no normalization was doneoum study. In this paragraph, we discussed the
reasons why we should normalize to an inert tracer those why we excluded any normalization,

especially using either CO or the VOC with the lestgatmospheric lifetime. We added one sentence
stating clearly that we did not normalize the VO&a] and we modified the two last sentences.

Hence, the paragraph becomes:

“- The use of an inert tracer for the normalizatidty. (7) coupled to Eqg. (9) considers that the
compounds are in a constant volume from the emmss@urce until the receptor, neglecting the
dilution. To overcome the effect of dilution, de Woet al (2009) had determined the VOC removal
from the temporal evolution of the VOC-to-CO rattbge removal relies then on the VOC emission
ratio instead of a calculated initial concentratiblowever, here it was not possible to use CO as an
inert tracer due to its levels close to backgrowstimated to be about 100 ppb at an European eemot
site (Balzani LOOv et al., 2008) (see Fig. 4). Besi normalization to one of thg-Cs alkanes, which
exhibit the longest atmospheric lifetime among thk VOG measured during the MEGAPOLI
summertime experiment (Table 3), was not feasibieesthey are emitted from diverse sources
(Section 4.2). Finally, no normalization was apglé all.

Other simplifications are considered for the tiresalved approach: it is assumed that (i) no I/VOC i
added to the plume between the emission site andampling site, which is described as an obvious
simplification by de Gouw et al. (2009), (ii) SO# produced instantaneously from the VOC reaction
and (iii) is not subject to loss by deposition &¢alt et al., 2011).”

v" In Figure 5a, the datapoints are color coded by @®&/CO ratio as a proxy for photochemical
processing, why was this ratio used and not thetqatemical age using m,p-xylenes and
ethylbenzene that was determined early in the Fapehat’s the justification for the use of this

different photochemical aging metric used in th®p
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Off-line measurements of I/VOCs were performed tine resolution of 3 hours. This is much more
than the time resolutions of OM,;@&nd CO measurements, which are 5 minutes, 1 miante

15 minutes, respectively. By using the O3/CO ratie,could work at a lower time resolution than by
using the photochemical age. Indeed, since [@it]is determined from the m,p-xylenes and
ethylbenzene measurements performed at SIRTAptbiuct has also a time resolution of 3 hours. A
lower time resolution implies more data and lesseutainty on the scatterplot of OM vs. CO. Hence,
Figure 5a actually presents the scatterplots of @MCO, with both OM, CO and Gaveraged to

1 hour. Also, Figure 5b presents the scatterplbts@A vs. CO, both were averaged to 1 hour too. In
the revised manuscript, we defined the time resmiuif the data used in both Figure 5a and Figbre 5

in section 5.2.1 and in the captions of these fgurés.

v The Bahreini et al., (2012) citation is not corrdot the statement made (Page 4867, Line 19). A
more appropriate reference is Dallmann, T. R.; Kstetter, T. W.; DeMartini, S. J.; Harley, R. A,,
Quantifying on-road emissions from gasoline-poweradtor vehicles: Accountong for the
presence of medium and heavy-duty diesel truckgrdimental Science and Technology 2013,
47, 13873-13881. Figure 3 in this paper clearly whothe emission differences for various
pollutants including primary organic aerosol (POA).should be stated in the paper that this
factor of 1445 is for heavy duty trucks and not g&®ger vehicles (they are very few diesel

passenger vehicles in the US) which may diffena@ir temission characteristics.

The Bahreini et al., (2012) citation has been rezdoand replaced by Dallmann et al. (2013). We also
specified that the factor of 1445 is for heavy-dtriycks. The following sentence, starting Page 4867

Line 19 in the discussion manuscript:

“The important use of diesel by light-duty carsBaorope, and more particularly in France, might
explain the higher POA emission ratio determinedSERTA: POA emission factor, diesel being

known to emit 13 times more organic particles thasoline (Bahreini et al., 2012).”
was modified and becomes:

“The important use of diesel by light-duty carsBarope, and more particularly in France, might
explain the higher POA emission ratio determinedSHRTA: not only diesel emits less CO than
gasoline (Allan et al., 2010; Gentner et al., 20b8f POA emission factor is 14 times more impdrtan
from diesel-fueled vehicles (heavy-duty) than frgasoline-fueled cars (light-duty) (Dallmann et al.,
2013).”
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v In section 5.2.2, Line 27 should add that the 8uslad datapoints are shown as grey symbols on
Figure 9. During event 5 (“Atlantic polluted”) theris a substantial overestimation of the SOA

mass that is not discussed. Can the authors elabamathe likely cause of this?

In section 5.2.2, Line 27 of the discussion maripscwe added that the 8 excluded datapoints are

shown as grey symbols on Figure 9.

As observed in Fig. 3, event 5 is characterizetligh IVOCs mixing ratios, higher than 40 ppt and up
to 120 ppt, while their mean mixing ratio is 214@® (Table 3). They are 6 times more abundant
during event 5 than the average, while the aromatibich are on average much more abundant than
the IVOCs, are only 1.6 times higher than theirrage mixing ratios (Fig. 3, Table 3). The;Cs n-
alkanes IVOCs, and more particularly hexadecanehviixhibits the highest SOA yield of all the
IVOCs (Presto et al., 2010), govern the SOA esionatluring event 5. The substantial and sudden
increase in the IVOCs and other anthropogenic V@&&entrations during event 5 might result from
punctual emissions from local sources. Therefore,might consider compounds that did not have
enough time to react with OH during event 5. ThéoWaing paragraph has been added in Section

5.2.2. in the revised manuscript.

“A noticeable overestimation of the SOA mass isavlied during event 5, due to high IVOCs mixing
ratios (Fig. 4). Hexadecane mixing ratio can reggho 126 ppt, which is 6 times more than its mean
mixing ratio (22119 ppt, Table 3) and only a thiftthe toluene mixing ratio in the same sample (344
ppt). Hence, since the SOA yield formation of heaahe is at least equal to those of toluene (Ng et
al., 2007a; Presto et al., 2010), the SOA estimatfo mainly driven by the measured IVOCs,
especially hexadecane, during event 5. And thugyiboition of the measured IVOCs can overtake the

aromatics contribution to SOA formation.”

v In Figure 9, the exclusions of the grey data postteuld be explained in the caption or at the very

least the caption show direct the reader to thdamation in the text.

Substantial modifications in the SOA formation lead to remove Figure 9 from the revised

manuscript.

v’ Supporting Information Line 77 — there is a missaiigtion here, recently Gentner et al., 2013
reported emission factors for VOCs and IVOCs fghtiduty gasoline vehicles from tunnel
measurements. [Citation: D. R. Gentner, D. R. Wort®. Isaacman, L. Davis, T. R. Dallmann, E.
Wood, S. Herndon, A. H. Goldstein and R. A. Ha(B913). Chemically speciated emissions of
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gas-phase organic carbon from motor vehicles andligations for ozone production.

Environmental Science and Technology, 47, 118343.18

We added Gentner et al. (2013) as citation in tipparting information.

v' Supporting information line 80, what is meant byefigan oil, does this refer to American
gasoline? If so, are the differences between Ammerand European gasoline known, where are

they reported?

We did refer to American fuels when we write “Angam oil”. The assumption of fuels of different
compositions cannot be supported by studies, wee heithdrawn this assumption. Hence, we

modified the last paragraph of Supplementary mat&2 ( from line 76):

“As for the IVOCs, little information on the emissi factors or emission ratios is available in the

literature. Fraser et al. (1998), Schauer et a02? and more recently Gentner et al. (2013)

determined emission factor of various VOCs and G the exhaust of gasoline light-duty cars.

However, these results did not seem appropriateitestudy since they have been determined under
the Federal Test Procedure (FTP) urban drivingecy®thauer et al., 2002) or real American driving

conditions (Fraser et al., 1998; Gentner et al1320and, then, are representative rather of the
American fleet of vehicles than of the French ohence, ER determined from Fontaine’'s EF

(Fontaine, 2000) appear to be the best estimatebdd;,-C,¢ alkanes.”

Technical corrections:

v Page 4844, Line 10: Reword ‘If a high density ogbgation characterizes the megacities, they are
also remarkable by their...” to read something likea' high population density characterizes a

megacity, they are also defined by their...".

Modification of the text has been made in the mdimanuscript.

v Page 4845, Line 13: Replace ‘qualified’ with ‘defih.

Modification of the text has been made in the mdimanuscript.

v' Page 4845, Line 14: Replace ‘any’ with ‘either’.
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Modification of the text has been made in the mdimanuscript.

v' Page 4848, Line 18: Add ‘n-alkanes’ after ‘their,C,~Cys.

Modification of the text has been made in the mdimanuscript.

v' Page 4848, Line 19: Replace ‘are’ with ‘were’.

Modification of the text has been made in the mdimanuscript.

v Page 4850, Line 26: Replace ‘great’ with ‘high’.

Modification of the text has been made in the mdimanuscript.

v Page 4851, Line 8: Too many significant figurese ahown considering the uncertainties, round
these to read ‘(440 £220 m and 1340 +610)’

Modification of the text has been made in the mdimanuscript.

v Page 4851, Line 13: Replace ‘which the’ with ‘these

Modification of the text has been made in the mdimanuscript.

v Page 4853, Line 9: Suggest rewording ‘suggestieqy tecondary origin’ to read ‘suggesting they

were predominantly secondary in origin’.

Modification of the text has been made in the mdimanuscript.

v Page 4854, Line 4: Add ‘only a’ before ‘few sunaysl . ..’

Modification of the text has been made in the mdimanuscript.

v’ Page 4854, Line 4-5: Remove ‘equal to’ from thetlesgre ‘average temperature was equal to 18.3
(£3.8) ms-1'.
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Modification of the text has been made in the mdimanuscript.

v' Page 4854, Line 7: Remove ‘equal to’ from the ser@eaverage wind speed was equal to 3.7 (+
1.5 ms-1'.

Modification of the text has been made in the mdimanuscript.

v Page 4854, Line 16: Replace ‘which is equal tohvatf’.

Modification of the text has been made in the mdimanuscript.

v Page 4855, Line 1: Replace ‘a’ with ‘one’.

Modification of the text has been made in the mdimanuscript.

v’ Page 4855, Line 17: Add ‘predominately’ after ‘C€ i

Modification of the text has been made in the mdimanuscript.

v’ Page 4855, Line 19: The sentence ‘This may indittege, during event 4, CO is of primary but
also of secondary origin and/or issuing from longnge transport, according to its long
atmospheric lifetime which is about a month (Pdrrist al., 1998). These assumptions are

supported by..." does not make sense as writtennéieds to be reworded for clarity.
The sentence has been reworded as following:

“Hence, during event 4, CO might be of both primang secondary origin. Besides, since it exhibits a
substantial atmospheric lifetime of about a momharfish et al., 1998), long range transport of CO

cannot be discarded either.”

v’ Page 4856, Line 15: Remove ‘the’ before ‘megacities

Modification of the text has been made in the mdimanuscript.

v Page 4863, Line 20: Add ‘the’ after ‘based on’.
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Modification of the text has been made in the mdimanuscript.

v' Page 4863, Line 21: add ‘of’ after ‘downwind'.

Modification of the text has been made in the mdimanuscript.

v' Page 4863, Line 22: Remove ‘also’ after ‘Boynaralet(2014)’ and replace ‘are’ with ‘were’.

Modification of the text has been made in the mdimanuscript.

v Page 4863, Line 28: Replace ‘change’ with ‘haverged'.

Modification of the text has been made in the mdimanuscript.

v Page 4684, Line 24: Replace ‘have’ with ‘had’.

Modification of the text has been made in the mdimanuscript.

v' Page 4865, Line 11: Replace ‘any of the two’ witbth the’.

Modification of the text has been made in the mdimanuscript.

v Page 4865, Line 11: Replace ‘does not include thgdmic’ with “did not include any biogenic’.

Modification of the text has been made in the mdimanuscript.

v' Page 4865, Line 22: Reword ‘until now, estimatitiase only considered the SOA formation in

dry conditions’ to read ‘typically estimations ordgnsider SOA formation under dry conditions’.

Modification of the text has been made in the mdimanuscript.

v Page 4865, Lines 25-26: Reword ‘Carlton et al.,g@0have improved the agreement between the

observations and the prediction in the total massacentrations and the variability’, to read

22



‘Carlton et al., (2008) improved the agreement testw observations and predictions of total mass

concentrations and its variability,’.

Modification of the text has been made in the mdimanuscript.

v' Page 4868, Line 1: Add ‘likely’ after ‘also’ andpikace ‘the’ with ‘an’.

Modification of the text has been made in the mdimanuscript.

v' Page 4866, Line 2: Remove ‘the’.

Modification of the text has been made in the mdimanuscript.

v Page 4866, Line 14: Replace ‘consists in’ with ‘sists of'.

Modification of the text has been made in the mdimanuscript.

v' Page 4867, Line 4: Replace ‘is equal to’ with ‘was’

Modification of the text has been made in the mdimanuscript.

v' Page 4867, Line 9: Replace ‘is equal to’ with ‘was’

Modification of the text has been made in the mdimanuscript.

v Page 4867, Line 19: replace ‘Besides’ with ‘Also’.

Modification of the text has been made in the mdimanuscript.

v' Page 4868, Line 18: Rewrite ‘It can be seen thgtitlialkanes, which have the highest emissions,
exhibit a low or no SOA yield formation’ to read dan be seen that the light alkanes, which have

the highest emissions, exhibit low to no SOA faongiotential’.

Modification of the text has been made in the mdimanuscript.
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v Page 4868, Line 19: Remove this ‘Indeed, their gimisin the gaseous phase is enhanced by their

high-volatility’.

Modification of the text has been made in the mdimanuscript.

v Page 4868, Line 24: Replace ‘exceed’ with ‘excetded

Modification of the text has been made in the mdimanuscript.

v Page 4869, Line 4: Replace ‘by considering VOCsthrdsum of VOCs and IVOCs, with ‘by using
VOCs or I/VOCs (sum of VOCs and IVOCs),'.

Modification of the text has been made in the mdimanuscript.

v' Page 4869, Line 1: Rewrite ‘the SOA estimatedetadr‘the estimated SOA'.

Modification of the text has been made in the mdimanuscript.

v Page 4869, line 21: Remove ‘a’ before ‘SOAformation

Modification of the text has been made in the mdimanuscript.

v Figures 2 and 3 captions: Replace ‘The grey-shaateds highlight the “Atlantic Polluted” wind
regimes associated to stagnant conditions and spording to an OOA increase’ with ‘The grey-
shaded areas highlight the “Atlantic Polluted” wirrdgimes associated with stagnant conditions

and increased OOA'.

Modification of the text has been made in the mdimanuscript.

v Figure 8 caption: This should include the definitiof the grey bowes as previously defined in
Figures 2 and 3. Add ‘The grey-shaded areas higlifpe “Atlantic Polluted” wind regimes

associated with stagnant conditions and increas€@®O

Modification of the text has been made in the mdimanuscript.

v' Figure 9 caption: Replace ‘are’ with ‘were’.
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Modification of the text has been made in the mdimanuscript.

v’ Supporting Information, Line 56: Replace ‘on’ aftepresented with ‘in’.

Modification of the text has been made in the mdimanuscript.

v’ Supporting Information, Line 62: Change ‘... sigrafitly over the last decade at 30 %.’ to read

‘significantly (< 30 %) over the last decade’.

Modification of the text has been made in the mdimanuscript.

v" Supporting Information, Line 63: Replace ‘leadedhnied’.

Modification of the text has been made in the mdimanuscript.

v" Supporting Information, Line 75: Replace ‘few’ wilittle’.

Modification of the text has been made in the mdimanuscript.
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Volatile and Intermediate -Volatility Organic Compounds in
sub -urban Paris: variability, origin and importance for SOA
formation: author’s response to Editor.

First, we would like to thank the Editor for thelvable comments on the manuscript. We answer to
the comments addressed by the Editor and sumntiiezehanges made to the revised manuscript in

the following document.

v Referee #1 made the point that the term IVOCs s$eatling as the manuscript only considers 5
IVOCs. Whilst you have addressed this in the tims, term still appears in the legends and
captions of Figures 6, 7 and 8. Please could yokersamilar changes to make the meaning clear

in these figures.
According to the Editor's comment, we have chantpedegends and captions of Figures 6, 7 and 8.
v Page 19, Line 21. Modify “On the opposite” to “Cargely”.

Modification of the text has been made in the mdimanuscript.

v’ Page 24, Lines 1-6. This is some text changedspamse to Referee #1. Suggest changing “not
only diesel emits less CO than gasoline™ to “natlp do diesel-fuelled vehicles emit less CO than
gasoline-fuelled vehicles”. | assume the changenff@3 times” in the original manuscript to “14
times” in the revised manuscript is due to the dehreference and specific mention of heavy duty

and light duty vehicles.

Modification of the text has been made in the mdiganuscript according to the Editor's suggestion.
As for the change in the ratio (13 times in thegimdl manuscript to 14 times in the revised
manuscript), it is indeed due to the changed ratereand specific mention of heavy duty and light

duty vehicles. This also has been pointed out HgriRe #2.

v' Page 28, Line 22-25. In response to both refereeshave changed the conclusion regarding the
cause of the seasonality in the C12-C16 n-alkawdslst this is the right thing to do, | think the
wording of the “cause” is too strong as you donttaally provide any evidence for changes in
emission sources. | think it should be changednwst likely results from” or “probably results

from”.

Modification of the text has been made in the mdimanuscript according to the Editor’'s suggestion.
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v' Page 26, Line 9. Change “And thus” to “Therefore”.

Modification of the text has been made in the mdimanuscript according to the Editor’'s suggestion.
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