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General comments

The present study by Bruns et al. addresses tBe-@imparison between laboratory smog
chambers and flow reactors systems. The OH radéezadtion ofa-pinene as well as wood
combustion emissions were used as model systeitiefpresent study. The comparison was
focused on the organic aerosol yield and the chehsiemposition. In general, the paper is very
well written and the presented data set will béwde relevance for the aerosol community.

Specific comments

A comparison of smog chamber (SC) and flow reagtetems (PAM and MSC) is so far missing
in the literature. Nevertheless, it is not clearydifferent types of OH radical sources were
selected for the comparison present in this stkdythermore, it is a bit confusing which OH
source was used for which experiment. This infolomaghould be clearly written in the
experimental section and it should be includedabl& 1. Furthermore, Table 1 should also
contain information about NCand ozone concentrations as well as if the expartrwas seeded
or unseeded and which UV lamps (wavelength) wesd far each experiment.

In both the PAM and MSC, OH radical was generatenhfthe photolysis of ©in the presence
of water vapor, whereas OH radical was formed 3K through the photolysis of HONO. The
photolysis of HONO was used as the OH source irstheo reach sufficiently high OH
exposure within the experimental time dictatedhm®¢hamber size and rate of sampling to
overlap with the OH exposures obtained in the PAld BISC. The presence of additional NO
in the SC generated from the HONO photolysis isexpiected to influence the yields in the
wood combustion experiments as N@m the wood smoke is already present in the &C a
flow reactors, however the yields may be influencethea-pinene oxidation, as discussed on
page 319. As observed in previous studies (Chhettath, 2011; Lambe et al., 2015), no
differences in the bulk composition are expecteel tuthe presence/absence of,NOhe OH
sources have been added as a footnote to Tabtevie{bas UV lamp wavelengths for each
device) and clarified in the text:



Table 1 footnote*The OH radical source in the SC was the photolg§idONO. The source of
OH radical in the PAM and MSC was the photolysi©gfn the presence of ). The peak
emission of UV light was at a wavelength of 368 innthe SC (Platt et al., 2013) and at
wavelengths of 185 nm and 254 nm in both the PAMMSC.”

Page 315:The MSC is described in detail by Keller and Bahtsr (2012). Briefly, the MSC is
composed of two 76 mL cylindrical quartz chamb@&2% m length, 0.020 m diameter) in series.
As in the PAM, OH radical is generated from thetphis of G in the presence of J.

Incoming sample was exposed to UVC light (5 taaahps at 4 W each; 185 nm and 254 nm
emission lines; Heraeus, type GPH212T5VH/2) infits¢ chamber and to UVA light (Panacol-
Elosol, type UV-H 255) in the second chamber...Unlikéhe PAM and MSC, OH in the SC
was formed from the photolysis of nitrous acid (HOJNas described below. Without the
injection of HONO, similar OH exposures in the S@ dow reactors were not achieved within
the experimental timeframe dictated by the chamsize.”

A figure showing the time evolution of N@n the SC during aging in thepinene experiments
was added to the supplementary material (new Fi§ije For the wood combustion
experiments, initial N@mixing ratios in the SC prior to aging are givariTable S1 in the
supplementary material.

No O; data are presented as measurements were not mnadwlg tthe experiments.

A column has been added to Table 1 indicatinggbat aerosol was used in thpinene
experiments.

Even that the influence of N@ discussed at page 319 a discussion about s@etions is
missing. Depending on the ozone concentration duhe ozone photolysis, ozonolysis might
take place changing the product distribution. Itulbbe helpful for the discussion to provide a
picture with the ozone concentration over the wiexdgeriment duration. Besides this reaction,
it can be also expected that the different typdd\otamps used for the experiments change the
product distribution and aerosol yield due to pHgsts of OVOCs (Presto et al., 2005).

Unfortunately, Q mixing ratios were not measured during the expenits. However, we have
added a discussion on the possible effects of dgsisand different lamps in the SC and flow
reactors. The following text was added (page 315)e flow reactors use lower
wavelength/more intense UV lamps than the SC aisctthuld influence aerosol yields in both
thea-pinene and wood burning experiments by alterimgptoduct volatility distribution. For
example, Presto et al. (2005) found that yieldmfeepinene oxidation were reduced by 20-40%
in the presence of UV light compared to dark caodd (i.e., ozonolysis) due to the photolysis
of species prior to partitioning to the aerosolgghaHowever, Hodzic et al. (2015) calculated
that the gas-phase photolysis of species formedgltine photo-oxidation ai-pinene §-
pinene/NQ ratio of ~0.1) decreased the SOA yield by only ~1%) there was negligible effect
on the bulk particulate oxygen-to-carbon ratiothBlgh Q was not measured in the current
experiments and OH radical is expected to be tha madant in all systems, it is possible that
the relative amount of ozonolysis relative to OHdation varied between the devices, which
would also influence relative yields.”



Page 316, Line 12: The dilution might lead to aslo$ VOCs/OVOC:s. Is this considered?

Although the additional dilution of reactants irtRAM is small (~15%), this dilution could
result in a loss of semi-volatile materials frore ftarticle phase to the gas phase. However, we
expect that any semi-volatile compounds lost framparticle phase due to dilution returns to
the particle phase once oxidized in the PAM to feamer volatility products and thus, this
dilution is unlikely to influence the yields/emisaifactors.

The text has been modified to include a discussidhis point (page 315)When the reactants
were sampled directly from the SC through the fteactors, the dilution ratios were identical
for the MSC and SC. The small additional flow ahtidified air into the PAM resulted in a
~15% dilution of the reactants, which was accoufeavhen calculating yields and emission
factors. The additional dilution step in the PANyrshift the partitioning of the incoming semi-
volatile species towards the gas phase. Howewee mside the PAM, these semi-volatile, gas-
phase species are expected to repartition to thielpghase as they undergo oxidation to form
lower volatility species and thus yields and enoisdactors were likely not affected.”

Page 318, Line 21: How waspinene oxidized in the PAM? According to Tabls tvas also
oxidized in the PAM but in section 2.3 no informatabout these experiments is given.

a-Pinene was oxidized in the PAM in the same maasdhe wood combustion emissions were
oxidized during “SC sampling”. The text has beeydified to include information about
oxidization in the PAM during the-pinene experiments (pages 318-318Jter the injection

and mixing ofa-pinene and seed aerosol in the SC, the mixturesaapled from the SC into
the PAM or the MSC. Oxidation of the mixture iretthow reactors occurred in the same
manner as oxidation of wood combustion emissiomsdBC sampling.”

Page 319, Line 16: Even that the N&édncentration was zero at the beginning of the
experiments a huge increase of NfOncentration during three hours of experiment ban
expected. It would be helpful for the discussioprtivide a picture with the N@&oncentration
over the whole experiment duration.

The time evolution of NQduring thea-pinene experiments in the SC has been added igsiie F
in the supplementary material (now Figure S1). iaen text reads;The injection of HONO
into the SC resulted in NO formation upon irradiatiwhich was not present in the flow
reactors, and may decrease the SOA yields in theNg@t al., 2007). When maximum SOA
yields were reached, N@nixing ratios in experiments 2 and 3 were ~100 BE2@ ppbv,
respectively (Figure S1). Ng et al. (2007) founattSOA yields fronu-pinene photo-oxidation
were decreased by ~40% in the presence of an iNi@almixing ratio of 198 ppbv. However,
in our studyp-pinene/NQ ratios were 20-25 times higher than those useddgt al. (2007)
and they started with high levels of N@hereas here initial NGzoncentrations were zero.
Thus, the reduction in yields due to the presehd¢Qy is expected to be lower than observed
by Ng et al. (2007). The temporal evolution of Nadd organic aerosol (OA) in the SC
throughout aging is shown in Figure S1. As obsgimegorevious studies (Chhabra et al., 2011,



Lambe et al., 2015), no differences in the bulloaer composition are expected due to the
presence/absence of NO

Page 323, Line 15: Is it not clear why few of tRpeximents were conducted in the presence of
seed particles and some not. It is known that tlkegnce and type of seed particles can
influence the partitioning of oxidation productpii@er et al., 2006). In the absence of seed
particles nucleation will occur forming a pure ormga particle. This will change the partitioning
behavior of the OVOCs and thus the aerosol yiehis Tight also explain the much lower
aerosol yield obtained from the PAM.

In our study, alb-pinene experiments with the flow reactors and SCeveonducted using seed
aerosol. As the flow reactors sampleddh@inene/seed aerosol reactant mixture directly from
the SC, the reactants were the same in the SCANd Hhis is in contrast to previous literature
studies comparing the PAM and SC (Chen et al., 20tBLambe et al., 2011a) where results
obtained using the PAM without seed aerosol wemepared to SC results obtained with seed
aerosol. We agree with the Referee that this mfueince partitioning and is one reason why our
study improves the understanding of the PAM retattvsmog chambers. The paragraph has
been rewritten to clarify that in contrast to paas literature comparison, the PAM and SC
experiments in this study were all conducted wabdsaerosolMaximum OA yields

determined using the PAM were within a factor of5-df those of the SC during the same
experiments (Fig. 2, Table 1). Chen et al. (2@&®) Lambe et al. (2011a) also compared OA
yields from the PAM and an SC, however, the PAM 8@experiments were conducted under
significantly different conditions. For example,the studies by both Chen et al. (2013) and
Lambe et al. (2011a), the SC experiments were adadwsing seed aerosol, whereas the PAM
experiments were not. This is in contrast to tkgeements in the current study, where seed
aerosol was present in both the SC and PAM.”

Technical corrections
Page 310, Line 25: The sentence (“For the wood agstibn...”) should be rewritten.

This sentence has been revised as folloWwsr the wood combustion system, emission factors
measured from the MSC were typically lower tharsthmeasured from the SC. Lower
emission factors in the MSC may have been duertsiderable nucleation mode particles
formed in the MSC which were not detected by theAM due to condensational loss of gases
to the walls inside or after the MSC.”

Page 325, Line 26: “gas-phase” should be changedas phase.

“Gas-phase” has been changedgas phase.”

Page 344, Table 1: Please include a descriptiorAM/MSGow, mig, high This iS not given in the
description of the Table or in the manuscript.tlalso not clear which numbers are given in

parentheses.

A description of PAM/MSGew, mig, nighhas been added to the methods section as follows:



Page 314:Hereafter, PAMign corresponds to the maximum light intensity and RAM
corresponds to a light intensity of ~70% of the maxn.”

Page 315'The light intensity was varied during the experitgeby adjusting the number of
UVC lights used denoted as MS&(1 light on), MSGq (3 lights on) and MSggn (5 lights on).”

The values in parentheses are two sample standaratidons and is denoted in a footnote in
Table 1:*Two sample standard deviations are given in p&iesgs.”

Page 352, Figure 8: The figure caption should berigen. A short description faf in the
figure caption would improve the understandinghaf figure.

The caption for Figure 8 has been rewritten toudela description df and now reads:
“Comparison of PAM and MSC mass spectra to SC rsppsstra for SOA generated during each
wood combustion experiment when OH exposures wétenn80% (Table 1). Thetd), the

angle between two mass spectral vectors, desdhbategree of similarity between the two
mass spectra (Kostenidou et al., 2009). Dashettaklines indicaté of 15° and 30°. Values

of 0 less than 15° indicate good agreement betweemaise spectra, values between 15 to 30°
indicate that there are similarities, but also imgat differences, and values greater than 30°
indicate poor agreement (Bougiatioti et al., 20714).
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General Comments:

In this paper the authors describe results of latory studies that compared the results of
aerosol aging experiments conducted in a smog cegmiicro-smog chamber, and potential
aerosol mass flow reactor. The latter device ismfised to obtain high concentrations of OH
radicals that allow more extensive oxidation ofamg aerosol than can be obtained in a large
smog chamber. The micro-smog chamber is a moretrelevice that is meant to serve a similar
purpose. An important question is whether exposofé&sgh OH concentrations for short
periods of time is equivalent to exposure to low €@iHcentrations for long periods of time,
which is expected to be more similar to the atmesghn this study the aerosol composition
was measured with an aerosol mass spectrometersakemass with a scanning mobility
particle sizer, organic gas phase species witha@ar transfer reaction mass spectrometer, and
other gases such as NOx, O3, CO with other monif@x&ative aging was compared for
aerosol formed from the reaction of alpha-pinenthwizone and for woodsmoke aerosol. The
experiments appear to be technically sound andiéte analysis and interpretation is



reasonable. The results will be useful for compariwith future studies conducted with these
instruments. The manuscript is also clearly writt®werall, the manuscript represents a useful
contribution to the literature and so | think shddde published. | have a few suggestions.

Specific Comments:

1. The approach of the paper is to mostly notelaiities and differences among the results
obtained with the three aging apparatus and thesvjgle reasonable speculations about the
causes. Although the observations are interestmjraay be useful, it seems that no new
fundamental insights have been obtained. | comeydman reading the paper with a feeling that
| have learned relatively little other than somedsresults are similar and other times they are
not. Are there no take-home messages? What dooymluce about the advantages and
disadvantages of the different approaches? Areetisenditions where one approach is likely to
work better or worse than the others? How reliableach approach? Is it worth doing other
studies to try to investigate in more detail theimas factors discussed as possible sources of
differences? What specifically do you suggest? \Whie likelihood that one or the other or
any approach gives results that are representasivibe atmosphere? Some effort should be
made to give the reader something to take away.

We agree with the Referee that the manuscriptengthened by adding a discussion on the
broader outlook and take-home messages with régahe use of these flow reactors. The
general take-home message is that the PAM and & agll in terms of yields/emission

factors and composition, whereas further investigas needed to determine the
representativeness of the MSC for simulating atrhesp aging. The agreement between the
PAM and SC supports the continued use of the PABtudy atmospheric aging, which is
encouraging as the PAM is logistically advantagesuesto its portability and its ability to age

on the time-scale of seconds to minutes. The P&RISo advantageous for simulating extended
aging in the atmosphere, which is challenging imgrhambers due to difficulties in reaching
high oxidant exposures without major losses tactiember walls.

For the MSC, as well as the PAM, further work witlbre comprehensive coverage of the
potential particle size range (i.e., inclutlgrange less than 100 nm and greater than 1 pum)
would improve our understanding of the differenicegields when comparing to the SC. This is
particularly important for the MSC, where it is radéar if the significant discrepancies in yields
and emission factors were due to significant massvibthe AMS detection range and/or the
design of the MSC (i.e., higher oxidant concentragileading to fragmentation and insufficient
time for condensation of material onto particleside the reactor).

For the wood smoke emissions with the highest aticrnantent, the maximum emission factors
measured in the MSC and PAM were largest relabwbdse measured in the SC, which may be
due to the increased ability of aromatics to résagmentation to higher volatility products with
multiple oxidation steps or higher VOC mixing ratim these experiments. Further work
comparing the yields from aging of aromatic speties the flow reactors and SC would clarify
the applicability of flow reactors when analyzireactants with high aromatic content.

In all cases, the OA loadings, although atmosph#yicelevant for some parts of the world,
were generally high. Complementary work is neeatddwer concentrations (e.g., <50 pg)m



to determine the representativeness of atmosphenwaeactor studies across a broader range of
atmospheric concentrations.

We have expanded the conclusion section to adtliegmoints outlined by the Referee. The
conclusion section now reads (page 338)or the first time, the quantities and the cherhica
composition of organic aerosol generated from thidation ofa-pinene and of wood

combustion emissions with the same precursor nextwere determined using an SC, PAM and
MSC. The PAM and SC agreed reasonably well in $esfrquantity and composition for the
systems and conditions studied here, considerimghhllenges associated with both approaches
(e.g, wall losses of semi-volatile species). Tgeament supports the continued use of the PAM
to study atmospheric aging, which is encouraging issadvantageous due to its portability and
its ability to age on the time-scale of secondsitoutes. The PAM is also advantageous for
simulating extended aging in the atmosphere, wisidhallenging in smog chambers due
difficulties in reaching high oxidant exposures.

One concern with the ability of flow reactors tmsiate atmospheric processes is that slower
processes contributing to the evolution of theipl@phase (e.g., condensed phase reactions) are
not able to proceed during the relatively shoridesce time in these flow reactors. However,

the similarity in terms of yields and compositidroa/n here between the SC and PAM indicate
that either these slow processes do not signifigatter bulk aerosol yields or composition or

that these slow reactions are accelerated andfopeonsated for by the fast oxidation in the

PAM.

Discrepancies in yields and emission factors betvtke MSC and SC were larger than between
the PAM and SC, possibly due to significant madsvib¢he AMS detection range and/or the
design of the MSC (i.e., higher oxidant concentratileading to fragmentation and insufficient
time for condensation of material onto particlesde the reactor). Duringpinene experiments,
nucleation was observed in all three systems, higi&concentrations increased the rate of
nucleation and, depending on the residence timelasiOH exposures produced a range of OA
sizes. The slowest system, the SC, produced G¥ésime range corresponding to the seed,
whereas the PAM and the MSC produced an OA modé#esrtizan the seed. In the case of the
MSC, the fastest system, this mode was below thienam transmission range of the AMS. For
wood burning experiments, this size dependencydifsult to establish due to the presence of
primary OA.

Further work with more comprehensive coverage efpbtential particle size range (i.e., include
dva range less than 100 nm and greater than 1 um)dwaydrove our understanding of the
differences in yields and emissions factors whengaring the MSC to the SC. Determining the
sources of discrepancy between the MSC and S@isatfor determining the applicability of

the MSC for OA quantification.

For the wood smoke emissions with the highest aticrnantent, the maximum emission factors
measured in the MSC and PAM were largest relativibdse measured in the SC, which may be
due to the increased ability of aromatics to résamentation to higher volatility products with
multiple oxidation steps or higher VOC mixing ratim these experiments. Further work
comparing the yields from oxidation of aromatic@ps in the flow reactors and SC would
clarify the applicability of flow reactors when dym#ng reactants with high aromatic content.



In all cases, the OA loadings, although atmosph#yicelevant for some parts of the world,

were generally high. Complementary work is neeatddwer concentrations (e.g., <50 pg)m

to determine the representativeness of atmosphenaeactor studies across a broader range of
atmospheric concentrations.”

Technical Comments:
None.



