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aerosol in Hyytiala, Finland" by S.A.K. Hakkinen et al., 2012.

Answers to Anonymous Referee #2

The paper describes field measurements of aeradatility and other parameters over a time period o
more than two years. Seasonal trends of aerosokrfrastion remaining (MFR) at different temperatsire
are presented. From black carbon measurements hadaerosol MFR measured at 280 °C the authors
determine the very low-volatility fraction of orgaraerosol. From a correlation analysis with AMSdan
trace gas data a source apportionment of this loglawtlity organic fraction was performed. The
determination of the aerosol mass fraction remanivas done the following way. Ambient aerosol was
directed through a heated thermodenuder and theaireimg particle mass distribution was measured vaith
DMPS from 20-500 nm. The reference point was andiiPS, which measured the aerosols without
treatment in a range from 3-1000 nm. The massitmcemaining is then given by the ratio of the smwad
aerosol mass from the two DMPS within the same sa¢rdiameter range of 20-500 nm (equation 3). As
seen from Figure 3 there is a very large aerosassifsaction with diameter larger than 500 nm. Timsans
that all particles larger than 500 nm will also igrevaporate in the thermodenuder and some wilhgho
sizes below 500 nm. Thus, equation 3 is by no mis@ngue aerosol mass fraction remaining. Therefor
the analysis in this paper is based on a flawedag@gh and all correlations or apparently observedteets
might be artifacts. Even for the MFR at 280 °C weanmt be sure if a fraction of still relative vdlat
material from very large particles, that did notigatime to completely evaporate, contribute tosiivealled
non-volatile MFR(non-BC). For this reason | cansapport the publication of this paper as it is.

Your comment concerning the size discrepancy baetildPS and VDMPS systems is relevant. The use of
size range 20-500 nm for both DMPS and VDMPS datenvdetermining the MFR was not properly
discussed in the manuscript. In the following welax why we used this size range in the first elaod
how the results would change if the size range0s1@00 nm was also used for the VDMPS data. We will
also revise the manuscript accordingly.

DMPS system used in Hyytidla measured aerosol sipe® 1 um. This was ensured using PM1.0 inlet.
However, VDMPS system measuring particles up tonldid not have the same inlet and therefore onee in
while VDMPS detected also particles that had ogb{non-heated) diameter of above 1 um. Althougheh
are not many coarse mode particles (around I%) amHyytiala, their effect on aerosol mass can stimes

be significant. We saw that these coarse modectestmeasured with an aerodynamic particle siz&S)A
sometimes disturbed the VDMPS measurements aneédawsse in the data at the larger end of particle
sizes. In order to remove the noise from the VDMR8a, size range of 20-500 nm was selected.
Determining the corresponding size range for DMP&hallenging. At low heating temperatures comparis
between DMPS and VDMPS both in the size range @08 nm is valid. However, at high heating
temperature such as 280 °C more error will arisenaiising the same size range for DMPS and VDMPS.
This is because it is probable that particles patly > 500 nm in diameter are detected with a V[3vifter
heating. Due to this we recalculated the MFR using range 20-500 nm for the VDMPS and 3-1000 nm fo
the DMPS. Thermogram based on these calculatiosisaan in Fig. 2.1 (panel A). These MFRs represent
the absolute minimum non-volatile aerosol masstifsac Even in this case there is a significant amiaf
very low-volatile material in submicron particleBIER at 280 °C is 15%), and the thermogram shows
similar behavior within the experimental uncertginhcluding the VDMPS data from the whole 20-1000
nm size range, on the other hand, showed similaR M&ues as the size ranges used in the manustript
lower temperatures, but slightly higher values& 2C (24% when the value presented in the manpissri
19%). The values calculated for the < 1000 nm siaelsoth DMPS and VDMPS represent the absolute



possible maximum value for the MFR, and the resilesngthen our main conclusion on other mateniah t
BC explaining an important portion of the non-vidatesidual.

We also repeated the whole correlation analysisegmted in the manuscript using the recalculated MFR
values (VDMPS < 500 nm and DMPS < 1000 nm as weNBMPS and DMPS < 1000 nm) (see Table
2.1). For the VDMPS size range of 20-500 nm and BNRe range of 3-1000 nm, the correlations wién th
investigated variables did not change significarfgr the < 1000 nm size range for both instrumémteere
the VDMPS data were disturbed by the noise from ¢barse mode), the correlations with PAHSs,
temperature and global radiation with the fractibat does not evaporate at 280 °C exist, althougtas
strongly as with the size range chosen. Clear ipesitorrelation (r = 0.80) between MERonm and
MFRso0nm @s shown in Fig. 2.2, indicates that even thotighre is noise in the MERgonmdata, the
observed correlations are still representing réanpmena and are not caused by artifacts. For wiatne
trace gases, however, the correlations do disappetar the noise. For the comparison of AMS reswitis
DMPS and VDMPS results, on the other hand, thectadesize range of 20-500 nm for both DMPS and
VDMPS used in the manuscript is reasonable sinc&SANM not measure effectively chemical composition
of particles > 600 nm in size.

We will discuss the problems that arose in the VI3Whta analysis and clearly explain the reasonstidy
size range of 20-500 nm was used in the revisedustaipt and remove the speculation on the coroelati
with the trace gas concentrations as it is possitde there the choice of the size range could ladfexted
the correlation analysis.



Table 2.1 Correlation betwedhFR,sc (defined three different ways) and meteorologpaiameters: trace
gas concentrations, ambient temperature, relativaidity, radiation, boundary layer height and td?aH
mass fraction. Correlation coefficients) (and p-values in brackets describing the significancetlod
meteorological correlation are from 24 h mediaradgbr PAH correlation monthly averages were used.

Iv”:Rnon-BC MFRnon—BC MFRnon—BC
VDMPS < 500 nm VDMPS <500 nm VDMPS < 1000 nm
DMPS < 500 nm DMPS < 1000 nm DMPS < 1000 nm

NO 0.07 (10) 0.09 (10) 0.02 (109
NO, 0.33 (< 10) 0.35 (< 10) 0.08 (10)
O 0.06 (10Y 0.06 (109 0.06 (109
SO, 0.44 (< 10) 0.46 (< 10) 0.15 (109
H,0 -0.45 (< 10) -0.41 (< 10) -0.28 (< 10)
CO, 0.42 (< 10) 0.44 (< 10) 0.09 (10)
coO 0.46 (< 10) 0.47 (< 10) 0.003 (16)
RH 0.18 (< 10) 0.15 (10" 0.05 (10)
Temperature -0.46 (< T -0.41 (< 10) -0.25 (< 10)
Global-radiation -0.27 (< 19 -0.22 (< 10) -0.22 (< 10)
Boundary layer height -0.19 (<ip -0.24 (< 10) 0.008 (16)
PAHs 0.79 (10) 0.76 (10)) 0.59 (10)
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Fig. 2.1 Thermograms describing the aerosol evaipora different thermodenuder temperatures. Défe
definitions were used for the MFR: A) MFR (DMPS €0D nm and VDMPS < 500 nm) and B) MFR
(DMPS < 1000 nm and VDMPS < 1000 nm). ThermogramanB C show the minimum and maximum
MFR values, respectively.
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Fig. 2.2 Correlation between MFR (DMPS and VDMP$0€0 nm) at 280 °C and MFR (DMPS and
VDMPS < 500 nm) at 280 °C that is presented imthauscript. Correlation coefficient and p-value
describing the significance of the correlation previded in the figure. Correlation is clear andfirons that
the size range of 20-500 nm used in the MFR imtaauscript is a representative of the total aerosol
evaporation behavior.



