Answers to referee #1 comments: "Long-term volatity measurements of submicron atmospheric
aerosol in Hyytiala, Finland" by S.A.K. Hakkinen et al., 2012.

Answers to Anonymous Referee #1

The manuscript describes measurements of aeroailitp in a remote Boreal forest. The measurersent
are unique in that they continuously span a pedbdver two years, whereas many other field studiesof
much shorter duration. Overall the data are wekkgented and the analysis is sound. However, tHeoesit
need to address several issues in the discussidring@rpretation of the results before the manystewill

be suitable for publication.

(1) The manuscript makes two conclusions that asenrelated to one another or resolved. The fgghat
MFR correlates with PAH concentrations, and thughespogenic activity. The second is that MFR
correlates with organic nitrates, which | assumestriae secondary in nature. How are these two phenam
correlated? Is MFR highest when air masses pase pogulated areas (anthropogenic influence) anchthe
have sufficient time (12+ daylight hours) for pheitemical processing? This could be inferred from th
back-trajectories. One could postulate that thedowolatility PAHs are picked up in urban areasgysin
the condensed phase because of low volatility,zaadoined by anthropogenic nitrate-containing SAt

is formed when NOXx is high. It is critical to coohéhese two conclusions, or at the very least twethey
are seemingly at odds, rather than to leave thermex® observations.

In general, the MFR did not show any strong coti@hawith air mass direction. High MFR values were
observed both with polluted and with clean air rmasdHowever, a case study made in fall 2008 AMS
campaign showed that high MFR values were obsemagh air masses were clean, i.e. when particle mass
concentration and concentrations of trace gaseh, & CO and NQwere low. In that case also the nitrate
aerosol mass fraction was high. Unfortunately weehao PAH data available for 2008 to see where the
PAHs came to Hyytiala. It is, however, probable fRAH concentrations were low when also anthropimgen
trace gas concentrations were low. All in all, dega we have does not support the assumption fikat t
observed low-volatile nitrate-containing organics af anthropogenic origin. However, the amountata

is not sufficient to rule out the possible connactbetween PAHs and the MFR. We will add a mention
about this topic to the revised manuscript.

About the effect of aerosol aging on aerosol vigtsee also the answer to comment #7 presented by
referee #3.

(2) One important result seems to be the presehdewsvolatility OA that potentially contains org@n
nitrates. This message is buried in the manuseftgr much minute detail about what some may censid
less-important topics. Authors should consider mgvihis info to a more prominent location in the
manuscript.

That is correct. One of the main results of thisdgtis that low-volatile OA is a strong candidate i
participating in the non-volatile (at 280 °C) a@lagsidual. However, this result is highly spetiviadue to
small amount of measurement data available. We reake that this result will get more emphasis & th
revised version of the manuscript.

(3) The conclusions section should be more focusgdnerely a reiteration of earlier portions oktpaper.
Much of the first few paragraphs of the conclusioa repetitive from earlier in the manuscript.



We will put more effort to the summary and conabnsi section to make it more focused and concise.

(4) Page 11206-11207 The meaning of DMPS shouldtbeduced with the instrument in section 2.2.1t, no
as a side note about VDMPS in section 2.2.2.

We included the meaning of the DMPS (Differentiabidlity Particle Sizer) to the section describirg t
DMPS system we used (Section 2.2.1).

(5) Page 11207 TD residence time was "around 1rsk&édt would be preferable to know the centerline
residence time at ambient temperature.

The average residence time in the TD was 1.2 dfandesidence time at the centerline was 0.6 swilNe
add this to the revised manuscript.

(6) Section 2.2.5 - Please add PAH filter samptmé&igure 1.
We will add the PAH filter sampling to Fig. 1 inetlhevised manuscript.

(7) Were the DMPS and VDMPS compared at ambienpdesture? It seems that the two instruments are
different, with different size ranges (20-500nm{@MPS, 15-1000nm for DMPS). How was this size eang
discrepancy resolved?

See answer to the comment of Referee #2.

(8) Section 3.2 - what fraction of the BC massxjgeeted to be in particles 500-2500nm? It seenisntiwest
of the mass would be in that size fraction. Qugankie effect of this estimate on MFR_non-BC.

No measurement data on BC number or mass sizabdigtn is available from Hyytiala. However,
according to literature (e.g. Hitzenberger and TH2001; Schwarz et al., 2006; Shiraiwa et al.,7200
McMeeking et al., 2010) only a negligible amounBd} particles is observed in the size range of & @,
even close to urban areas. However, the contribwgfoBC mass in the size range of > 500 nm is non-
negligible. By using the modal parameters presebjeHitzenberger and Tohno (2001) for mass, it loan
estimated that the BC mass contribution in the mapge of > 500 nm is about 15-20 % in urban aréhis.
can be taken as an upper limit of BC mass contdbuio particles larger than 500 nm in a background
station SMEAR 1l in Hyytidla. The absolute maximwerror introduced to the MFR (non-BC) would be
around 30 % if 20 % of the BC mass would be inipiad larger than 500 nm in diameter. Therefore, th
BCF we used in our study presents the maximum Vaiuthe BC mass fraction in particles < 500 nm and
thus MFR(non-BC) is the absolute minimum value. Wileadd this discussion to the revised manuscript.

(9) Page 11214, Lines 5-6 "During winter and fadlripds, the temporal variation of the MFR valueswa
relatively similar independent on the TD temperatuiWhat exactly does this mean? Please clarify.

It means that the observed temporal pattern oMR& values was the same independent on the heating
temperature. High MFR values at low heating temjpeeacorresponded high MFR values at high heating
temperatures. This will be clarified in the revisadnuscript.

(10) Page 11214, Lines 6-8. "During the spring awmmer months, however, the MFRs below 200 C
seemed to show an increasing trend while the MRRsgher temperatures were decreasing." | never see



the "low temperature” MFR moving a different difentthan the "high temperature” MFR. In the falihtér
the higher temperature MFR level off while the lmmperature MFR slightly increase. Also from winter
into spring, the higher MFR seem to have a biggevmvard slope than the lower temperatures.

We agree with your comment on the fact that fromteri to spring MFR seems to have a bigger downward
slope at higher temperatures. By saying "Duringgfieng and summer months, however, the MFRs below
200 °C seemed to show an increasing trend whileMiRRs at higher temperatures were decreasing." we
mean somewhat the same thing. During April/May 2808 March 2009 a difference between the MFR of
higher temperatures and the MFR of lower tempeeatas a function of time can be seen. At higher
temperatures (> 200 °C) the MFR decreases contifyjoirhereas at the lower temperatures this ishet
case. We will make this statement clearer in theseel manuscript.

(11) Figure 4 - are these raw MFR or MFR_non-BC?
They are raw MFR values. We will make it cleartie teader.

(12) Page 11214, Line 20. "Residence times andsaétgpe varied from study to study" This is impott
because residence time matters in the TD. Makepthig more strongly.

We agree. We will put more emphasis to it.

(13) Table 1 can probably go into the supportin@in don't think it's critical to interpreting th@D results.
We will make the change according to your suggagidgpendix A in the revised manuscript).

(14) Figure 5: it's hard to distinguish between teand grey points.

We will modify Fig. 5 accordingly.

(15) Page 11215, Lines 21-26 - Does the calculatidlowing Riipinen’s method include a BC fractio@?
is this strictly for the measured MFR representgdlsingle component organic particle?

The method presented by Riipinen et al. (2010pidHe evaporation of semi-volatile organics in2 dnd
thus, it does not include the effect of non-votatbmpounds such as BC. However, BC aerosol fractno

be easily included in the model calculations. Ragrthe model as a two component system did nottaffe
the results strongly. Compared to the organic singhmponent calculation adding BC to the model
increased the enthalpy of the organic aerosolitradtom 60 kJ mot to 64 kJ mot. We will add these
results to the revised manuscript.

(16) The caption to Figure 5 states that the lirssuames that "all nonvolatile aerosol mass is BQlisT
implies that some of the OA is "nonvolatile". |adjsee with this in an absolute sense. ALL OA is
semivolatile. It is apparently nonvolatile in thentext of your TD, residence time, etc.

We agree. In the text we have misleadingly usedvibrel non-volatile without explaining carefully wihae
mean. By non-volatile we mean material that isex@porated in our TD at 280 °C in an average rasile

time of 1.2 seconds. We will make this clear inrised manuscript.

(17) I recommend against circling the r"2 in figuge



We will modify Figure 6 according to your suggestio

(18) Page 11216, Lines 12-14 "although specificallgummer the black carbon concentrations werenoft
of similar magnitude than the concentrations of then-volatile material." Again there is confusing
interchange between BC and nonvolatile material.i8@uly nonvolatile. | suggest changing the wogli
and calling the non-evaporating, non-BC fractiortted aerosol something else. Perhaps "non-evapugati

We understand your point. We will make sure thaatwie mean by “non-volatile” residual is clear et
revised manuscript.

(19) Page 11216, last line. "non-volatile particieass fraction" requires some thought to deconvoliite
probably gets boring to keep writing MFR, but iteiasier for the reader to interpret. Also, it ingdithat
everything that does not evaporate in the TD isvotatile.

We will use MFR and MFR(non-BC) consistently thrbaogt the text.

(20) Page 11218, lines 3-4 "It is possible that somh the PAHS having low saturation vapor pressures
around le-7 Pa." The mass fractions of the PAH RéAH always < 1%) are not sufficient to drive
significant differences in MFR. Also, some of thegél have C* > 1 ug/m3. The PAH seem useful as an
indicator of anthropogenic influence, but are nahajor component of OA or the MFR.

That is correct. The mass concentrations of PAldda@r low to have a significant, if any, contriloutito the
MFR(non-BC). However, as you pointed out the obsérgorrelation should be rather taken as a sign of
anthropogenic influence. We will emphasize thithie revised manuscript.

(21) Page 11218, middle paragraph - | suggest mpthis up, immediately after the other paragraph
discussing ambient temperature.

See answer to your comment #22.
(22) In general section 4.4 could benefit from soewganization. There is a sometimes confusinguréx
of variables (temperature, trace gases, etc) armbaeality. | suggest the authors try to be mordesyatic

in the discussion. l.e., focus on seasons first thariables.

We will revise the whole section 4.4. Most of therrelation analysis will be removed due to reasons
explained in detail in the answer to the commerRRefieree #2.

(23) Perhaps switch Figures 7 and 8. Figure 7 tsaduced first, but only briefly. The major discussof it
is after the major discussion of Figure 8.

We will remove the introduction of Figure 7 fronettext and therefore switch Figures 7 and 8.
(24) Figure 10 is not discussed enough to makesémtial to the manuscript. | recommend moving tthis

supporting information. In general, the last paragh of section 4.5 seems superfluous and/or miegldt
seems to show redundant info as Figure 9 - highetation of aerosol nitrate with MFR_non-BC.



We agree. We will remove Fig. 10 to the supportitffgrmation (Appendix A). We will also revise seirii
4.5.
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