Answers to referee #4 comments: "Long-term volatity measurements of submicron atmospheric
aerosol in Hyytiala, Finland" by S.A.K. Hakkinen et al., 2012.

Answers to Anonymous Referee #4

This paper reports an interesting 2+ years of aetasomposition and the physical property of voistillt
focuses mainly on the non-volatile fraction whitlshows nicely but not surprisingly is correlatedand
partially explained by BC. There is some attempéxplain the remainder of this non-volatile fractiof
PM, much of which occurs in summer, and to linfo ibrganonitrates. This part of the paper is intgneg
but speculative. It is worth publishing if the amth can clearly distinguish their clear resultse(i.the
amount of NV that is BC) from their speculativecdssion (about what the rest of it is). | think themer is
interesting to the extent that they have been &blguantify the fraction explained by BC, and tiesult
could stand on its own if it is written more clearl

We agree with you. In the revised manuscript wé gt more emphasis on the contribution of BC te th

non-volatile (at 280 °C) aerosol residual. We hdwe,instance, removed all the speculations abbat t

correlations with trace gas concentrations andMR&(non-BC), inspired by the comments of referee #2
We believe this will make our main conclusion of BGt explaining the material that is left even rfte
heating the aerosol up to 280 °C even stronger.

Referee 2 notes an important mismatch in the simge of the hygroscopicity and the measured NR.mass
It's also worth noting the comparison to AMS is paming the NV to the NR — i.e. what does volatiire
600 to what didn't at 280 °C. While these are soha\subtle differences, they are actually quitevaht to

the conclusions highlighted here. While | think thark still has merit (i.e. it is not necessarilfldwed” as
Referee 2 asserts), | think the authors faileddadserious job of clearly identifying these misthas and
discussing their impact on the conclusions (ang steuld be clear in abstract too).

We thank you for your comment and make sure thélenos arising from the comparison of data from
different instruments are addressed properly in ringsed manuscript. Concerning the comparison of
VDMPS and DMPS data see answer to referee #2. d@oimg the comparison of VDMPS and
Aethalometer data see answer to comment #8 byeeefét and for the comparison of VDMPS and AMS
data see answer to comment #1 (Major comments}feyee #3.

OTHER SPECIFIC POINTS TO ADDRESS:
Abstract line 14 — should be “other” not “else”

We will correct that.

Fig 1 — are these the only 2 months that had an AM®yytiala?

Data presented in Fig. 1 is the data that we usexlii analysis concerning aerosol non-volatile2@&a °C
with a residence time of 1.2 s) residual. There alas a third AMS measurement campaign during gprin
2009 but because the VDMPS system was not workinigad time we could not use this AMS data in our

analysis.

Fig 4 — interesting 3-season trend of high BCF inter.



Long time series makes it possible to capture f@mple the seasonal pattern of aerosol black carbon
fraction. As seen from Fig. 4 the highest value8GF were observed during winter and fall monthsisT
result is indeed interesting and allows us to siaeuhe origin of the BC from anthropogenic contlmus
processes.

Fig 5 — Milagro is misspelled.
We will correct that.
P11204, L 25 - Report exact residence time inbe T

See answer to comment #5 by referee #1.

P11205, L8 — “It has been observed that almostsalbmicron aerosol particles...” is an unverifiable
statement. Should be tempered, something like,salalbthe volatility observations of submicron asol
particles to date have found they contain...

We will correct that according to your suggestion.

P11206, L4 — Add a statement to explain how thiatility study is different from others conductetl a
Hyytiala (e.g. Ehn et al., 2007; Raatikainen et210).

Our study presents data from two and a half ye@asorement period and is, therefore, able to cayptoir
only the overall but also the seasonal behavidhefaerosol non-volatile residual. Similar analyss not
been made in a boreal forest environment befoge.ik.Ehn et al. (2007) and Raatikainen et al. @Qhe
focus has been in investigating the short-term Wehaf the aerosol non-volatile residual by analgz
campaign-based data as well as in case studiesil&ld a statement about this to the revised raaript.

P11207, L25 — Why was it switched to constant tesyes operation?

The use of several heating temperatures givesfasmation about the temperature dependence of aeros
evaporation. However, in order to obtain a fulldiseries of aerosol evaporation it is better toardg one
temperature. For investigating the evaporationenbsol particles at high heating temperatures aundy/sg
the “non-volatile residual” more closely constarperature mode (280 °C) was used during the sdwihd
of the VDMPS measurements. We will add mention alits to the revised manuscript.

P11211 — what is size range of aethelometer -wias. an 1-micron impactor used?

PM2.5 (2.5-micron) impactor was used (see Seci3p.2

P11211, L12 — What is the basis for this assumptidere AMS data or past measurements at the stk us
to arrive at this figure? What are the consequermfeassuming varying particle density for your arsals
and conclusions, i.e. how sensitive are your restdtthe value you use for particle density? Iftjote
density has a seasonal variation then it will iefhece the seasonal trends reported for MFR.

See answer to comment #2 (Other comments) by eek3e

P11213, L10 — State heated to 250C



We will add the information about the heating terapgre used (280 °C) in Fig. 2.

P11213, L19 — Why? At least state how Ehn et2007) shows this.

Ehn et al. (2007) showed that even almost all miide mode particles in Hyytiala contained matetteait

did not evaporate at 280 °C. Due to this it is plidé that the smallest particles cannot be detdotedr
VDMPS because they evaporate below the detectain dif the system (20 nm). We add a statement about

this to the revised manuscript.

P11214, L8 — Despite the increase around 5 or 6320@ general trend to me seems to be decreasirig MF
at all temperatures to 8 or 9/2008, hard to telttwilata gap though.

That is correct. In general the MFR at all siXatiént temperatures behaves the same way.
P11217, L22 — State correlation coefficients hesevell as in table 3.

Most of the correlation analysis will be removededo reasons explained in detail in the answehéo t
comment of Referee #2..

P11219, L1 — A better section title is ‘Indicatiasfshe chemical composition of non-BC MFR.’
We will correct the title to better correspondt®dontent.

P11222 - reword “explaining factor”, “explaining eopound” — what is meant? (The meaning is not clear
in English.)

We will reword “explaining factor” and “explaininepmpound”.
P11222 — polymerization is not the only possibldanation for non-volatile organics.

That is correct. There may be also other chemistiagted processed producing less volatile compqgunds
salt formation (Smith et al., 2010). We will nokestin the revised manuscript.

P11223 — “aerosol volatility... cannot be explaingddny single parameter” — this is poor use of thardv
“volatility”; here and throughout most of the papémne focus is on the non-volatile fraction, as dedi by
the 1-sec heating to 280 °C. This constraint shdweldepeated for clarification to replace the ngresific
term “volatility”.

We agree that the word “volatility” has not beerdiss clearly as it should have been. We will @pla
“volatility” with more specific phrase “aerosol guaration at 280 °C in 1.2 s”.



