Dear Referee #2,
Please find below your comments in blue and the authors’ responses in black.

This manuscript reports results obtained with an Aerodyne Aerosol Chemical Speciation Monitor
(ACSM) during a long-term measurement period (1 year) in the Po Valley (Italy). The authors
investigated the chemical composition of non-refractory submicron PM (NR-PM1) with a time-
resolution of 30 minutes and identified of the main components of the organic fraction. In addition,
the parallel multiple off-line analyses were carried out to assess the performance of the ACSM in the
determination of PM chemical species regulated by Air Quality Directives. This work is meaningful, and
the workload is very large. The observed results are representative because they have been measured
for almost one year. It is completely within the scope of Atmospheric Chemistry and Physics. However,
the results presented here are a little superficial, and a more deeply analyses on these observation
results is necessary. Therefore, | recommend its publication after a major revision.

Specific Comments

Abstract

Although the abstract has summarized the main contents of the text, it is still lack of some points to
attract readers. | think the authors have done a lot of works, but they do not have an in-depth analysis
on their results. For example, the author did not find the BBOA in summer. While, they only showed
the average results in this part and main text. Then some interesting information was averaged and
masked. Therefore, | believe other more meaningful results could be found after a more in-depth
analysis.

After the comments of referee #2 on 16/09/2015, the abstract has been fully reworded to better
highlight innovative results and therefore attract readers. The absence of BBOA in summer is
mentioned in the main text (l. 282-283), and further discussed in the supplementary material (I. 68-88;
I. 103-117). We believe it has been the subject of an in-depth analysis. In this manuscript, we chose to
present results which are representative of a given time-period (e.g. daily cycles, seasonal averages,
etc.), in order to recommend PM abatement strategies. Specific pollution events or phenomena are
therefore not presented here by choice.

Introduction

Please add a simple introduction on the previous ACSM and AMS research results in this area. Then
discuss the innovation of your research is more appropriate.

A simple introduction on the previous ACSM and AMS research results in this area is added accordingly:
[.73-76: “In addition, studies based on aerosol mass spectrometer measurements have been
conducted in the Po valley, with the aim of characterizing specific phenomena (e.g. fog events, cooking
aerosols) or seasons (Dall'Osto et al., 2015; Decesari et al., 2014; Gilardoni et al., 2014; Saarikoski et
al., 2012)".

About the article structure.

Section 3 (results) contains : (1) discussion on consistency of ACSM measurements; (2) discussion on
organic apportionment quality control. Meanwhile, some content looks like a introduction of analysis
method. | think these contents are more like a discussion part not results. On the contrary, the author
showed a lot of experimental results in section 4 (discussion). Therefore, | suggest that the author
reconsider the article structure carefully and some discussion content could be put in the
supplementary material.

The titles of Sect. 3, 3.1, 3.2 and 4 have been reconsidered. The new titles are: Sect. 3 “Quality
assurance / quality control”, Sect. 3.1. “Quality assurance / quality control of ACSM measurements”,
Sect. 3.2. “Quality assurance / quality control of organic source apportionment”, and Sect. 4 “Results
and discussion”.



About the language: Some sentences are not easy to understand. While high quality language
expression is very important for a high quality article. Therefore, please improve the language after
this modification.

We did go through the manuscript and corrected language issues where we found them. In addition
the publication shall be proof-read by the editorial office of ACP.

At the beginning of section 4.3, the variations of NR-PM1 chemical composition and OA factors’
contributions as a function of total NR-PM1 mass are examined. However, these analysis is not deep
enough. According to the results mentioned above, the contribution of every NR-PM1 and OA species
to the total is different in four seasons. It means that the pollution characteristics in four seasons may
be different. Therefore, | strongly recommend the author to discuss the variation of every species with
the change of total NR-PM1 mass for different seasons. Then some common features for four seasons
and some unique characteristics for one season could be found. These results are more interesting
than that provided now.

The variation of every species with the change of total NR-PM; mass has been investigated for different
seasons accordingly (Fig. S9, Sect. S4). The following text has been added in the manuscript:

I. 496-499: “In order to investigate the characteristics of fine aerosol pollution events, the variations
of NR-PM1 chemical composition and OA factors’ contributions as a function of total NR-PM1 mass are
examined. This investigation is made on the annual (Fig. 8, discussion below) and seasonal scales (Fig.
S9, discussion in Sect. 54).”

Supplementary material: Sect. S4 has been added as follows:

|. 131-142: “The seasonal variations of NR-PM; chemical composition and OA factors’ contributions as
a function of total NR-PM; mass is shown in Fig. S9. During spring and autumn, the characteristics of
submicron aerosol pollution events are similar to what is described on the annual scale (Sect. 4.3).
Nitrate and BBOA are the main responsible for NR-PM; concentrations increase. Specific patterns are
observed during summer, with i) fairly stable contributions of OA sources irrespective of NR-PM;, levels,
and ii) noticeable proportions of sulfate (~20%). Sulfate is nevertheless not responsible for the increase
of NR-PM; concentrations. Note that the intensity and frequency of NR-PM; pollution events are lower
during summer compared to other seasons. Finally, the importance of BBOA in submicron aerosol
pollution events is highlighted during winter ([BBOA]~40% of [OA], when [NR-PM;]> 30 pug/m?3). An
increase of HOA is for the first time observed during this season, which indicates that primary sources
largely contribute to high NR-PM; concentrations during winter.”

Figure 3:

(1) “Left, bottom, top right, bottom right” is not clear enough. Figure 3a, b, c, d is better. | suggest the
author do the modification in this and other figures.

Figure 3 has been modified accordingly (Fig. 3 a, b, c, d).

Figure 5 has been modified similarly.

(2) This figure looks not every clear.

For example:

The following figure is a part of the relative chemical composition of all NR-PM1 species. | found that
the contribution of organic in spring (March-April-May) is lower than 50% (red line) in most of time,
and frequently lower than 40%. However, the average contribution reached to 52% in the main text.
It looks very strange.

In addition, according to the relative chemical composition figure, it seems that the contribution of
organic was 0 some time. However, the mass concentration of organic looks always higher than 0. The
same phenomenon also appeared in Figure 5. Please see the following figure: It can be found that the
contribution of HOA is almost always higher than 10% (red line), even frequently higher than 30%.
However, the average contribution was only 11%.



Referee#2 is thanked for pointing out this issue. There were indeed problems with Fig. 3 and 5
exhibiting the relative contributions of chemical species and OA factors with 30 min time-resolution.
These figures have been updated. We confirm that the average contributions mentioned in the text,
on the seasonal and annual scales, were correct.

Other comments:

Abstract.

Line 31-33. A detail comparison with other study results is not necessary in abstract. | don’t
recommend to cite the detailed data results.

Detailed data results - i.e. “(USA, 14.2 ug/m3)” and “(Japan, 12-15 pg/m3)” - have been removed
accordingly.

Introduction.

Line 50 Please provide the annual PM2.5 mean concentration value. That could make this sentence
more convincing.

PM2.5 mean concentration values are provided in this sentence for an urban (I. 52) and a regional
background site (l. 53).

Line 69 “2008/50/EC” is a reference or other standard ? It is not easy to understand.
“2008/50/EC” refers to the European Directive mentioned in this sentence. For clarity, this has been
replaced by a reference in the text: “(EU, 2008)” (please see references at the end of our responses).

Section 2.1 | suggest the author add a sampling site map in main text or supplement material.
A sampling site map has been added in the supplement material accordingly (Fig. S1, reference in the
main text |. 111).

Line 205 Please check the format.
Format modified accordingly.

Line 219 What is the reason for the poor correlation and results difference of chloride ?
Chloride quantification suffers from high uncertainties, both from ion chromatography analyses (l. 248)
and from the ACSM (Crenn et al., 2015).

Section 3.2.3 Although the author explained the reasons for HOA was not well correlated with BC, CO
and NO, | still feel confused. What are the main sources of BC, CO, and NOx in the study site ? It looks
BBOA has a very big impact on them. In addition, chloride is also an important tracer for BBOA, did you
have an analysis of their relationship ?

The main sources of BC, CO and NOx at the study site are fossil fuel and biomass burning. BBOA indeed
has a very big impact on them. For example, during winter, Gilardoni et al. (2011) estimated that fossil
fuel and biomass burning sources contribute to 51 and 49%, respectively, of Elemental Carbon
concentrations at the study site during winter. Gaeggeler et al. (2008) also report high correlations
between CO and BC stemming from biomass burning in the alpine valleys.

Chloride in the form of potassium chloride is indeed an important tracer for BBOA. The ACSM analyses
non-refractory (NR-) chloride i.e. mostly ammonium chloride (Huang et al., 2010). We thus do not
expect to have correlations between BBOA and NR-Chloride here because biomass burning related
chloride would be mostly in the form of KCl. As mentioned before, high uncertainties are associated
with chloride quantification from ion chromatography (IC) analyses, preventing us from making
comparisons between BBOA and IC-Chloride.

Line 376-378 Pleases add the values of the highest NR-PM1 levels reported at rural and urban .......
The highest NR-PM; level reported i) in Europe (Crippa et al., 2014) is 16.4 ug/m? in Barcelona (Spain),
ii) in the world (Jimenez et al., 2009; Zhang et al., 2007, 2011) is 63 pug/m? in Beijing (China). We found
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misleading to mention only the maximum NR-PM; levels reported in the previous studies, since it is
stated that: “the annual averaged NR-PM; mass reported here (14.2 pg/m3) ranges amongst the
highest NR-PM; levels reported at rural and urban downwind sites in Europe (Crippa et al., 2014) and
worldwide (Jimenez et al., 2009; Zhang et al., 2007, 2011)”. We have nonetheless reported that our
site has the 7th highest NR-PM1 levels out of 41 sites compared in the aforementioned studies. We
also have mentioned that these previous studies are based on typically one month of measurements
in different seasons.

Line 385-386 Please add “(Fig. 3)” to the back of this sentence.
“(Fig. 3)” is added to the back of this sentence accordingly.

Line 393 Did you measured the BLH in different seasons ? A comparison on measurement results is
more useful.

BLH were not measured in different seasons during the campaign. The fact that BLH are lower during
cold months in the Po Valley is well documented in the literature (e.g. Vecchi et al., 2004).

Figure 1 and 2. These figures are very difficult to see clearly due to the too small words. It is necessary
to enlarge the font size in the two figures.
The font size has been enlarged in Fig. 1 and Fig. 2 accordingly.

Figure 6. It is not very clear and the font is too small. | suggest that all the figures are divided into two
lines. Then the figures will not too narrow.
Figure 6 has been divided into two lines accordingly.

References

Crenn, V., Sciare, J., Croteau, P. L., Verlhac, S., Fréhlich, R., Belis, C. A., Aas, W., Aijila, M., Alastuey, A.,
Artifiano, B., Baisnée, D., Bonnaire, N., Bressi, M., Canagaratna, M., Canonaco, F., Carbone, C.,
Cavalli, F., Coz, E., Cubison, M. J., Esser-Gietl, J. K., Green, D. C., Gros, V., Heikkinen, L.,
Herrmann, H., Lunder, C., Minguillédn, M. C., Moc¢nik, G., O’'Dowd, C. D., Ovadnevaite, J., Petit,
J.-E., Petralia, E., Poulain, L., Priestman, M., Riffault, V., Ripoll, A., Sarda-Esteve, R., Slowik, J.
G., Setyan, A., Wiedensohler, A., Baltensperger, U., Prévét, A. S. H., Jayne, J. T., and Favez, O.:
ACTRIS ACSM intercomparison — part 1: reproducibility of concentration and fragment results
from 13 individual quadrupole aerosol chemical speciation monitors (Q-ACSM) and
consistency with co-located instruments, Atmos. Meas. Tech., 8(12), 5063-5087,
doi:10.5194/amt-8-5063-2015, 2015.

Crippa, M., Canonaco, F., Lanz, V. A., Aijald, M., Allan, J. D., Carbone, S., Capes, G., Ceburnis, D.,
Dall’Osto, M., Day, D. A., DeCarlo, P. F.,, Ehn, M., Eriksson, A., Freney, E., Hildebrandt Ruiz, L.,
Hillamo, R., Jimenegz, J. L., Junninen, H., Kiendler-Scharr, A., Kortelainen, A.-M., Kulmala, M.,
Laaksonen, A., Mensah, A. A., Mohr, C., Nemitz, E., O’'Dowd, C., Ovadnevaite, J., Pandis, S. N.,
Petdja, T., Poulain, L., Saarikoski, S., Sellegri, K., Swietlicki, E., Tiitta, P., Worsnop, D. R.,
Baltensperger, U., and Prévot, A. S. H.: Organic aerosol components derived from 25 AMS data
sets across Europe using a consistent ME-2 based source apportionment approach, Atmos.
Chem. Phys., 14(12), 6159-6176, doi:10.5194/acp-14-6159-2014, 2014.

Dall’Osto, M., Paglione, M., Decesari, S., Facchini, M. C., O'Dowd, C., Plass-Duellmer, C., and Harrison,
R. M.: On the Origin of AMS “Cooking Organic Aerosol” at a Rural Site, Environ. Sci. Technol.,
49(24), 13964-13972, doi:10.1021/acs.est.5b02922, 2015.

Decesari, S., Allan, J., Plass-Duelmer, C., Williams, B. J., Paglione, M., Facchini, M. C., O’Dowd, C,,
Harrison, R. M., Gietl, J. K., Coe, H., Giulianelli, L., Gobbi, G. P., Lanconelli, C., Carbone, C.,
Worsnop, D., Lambe, A. T., Ahern, A. T., Moretti, F., Tagliavini, E., Elste, T., Gilge, S., Zhang, Y.,
and Dall’Osto, M.: Measurements of the aerosol chemical composition and mixing state in the
Po Valley using multiple spectroscopic techniques, Atmos. Chem. Phys., 14, 12109-12132,
doi:10.5194/acp-14-12109-2014, 2014.



EU: Directive 2008/50/EC of the European Parliament and of the Council of 21 May 2008 on ambient
air quality and cleaner air for Europe, available at http://eur-lex.europa.eu/legal-
content/en/ALL/?uri=CELEX:32008L0050 (last access 18 July 2016), 2008.

Gaeggeler, K., Prevot, A. S. H.,, Dommen, J., Legreid, G., Reimann, S., and Baltensperger, U.: Residential
wood burning in an Alpine valley as a source for oxygenated volatile organic compounds,
hydrocarbons and organic  acids, Atmos. Environ.,,  42(35), 8278-8287,
doi:10.1016/j.atmosenv.2008.07.038, 2008.

Gilardoni, S., Vignati, E., Cavalli, F., Putaud, J. P., Larsen, B. R., Karl, M., Stenstrom, K., Genberg, J.,
Henne, S., and Dentener, F.: Better constraints on sources of carbonaceous aerosols using a
combined *C—macro tracer analysis in a European rural background site, Atmos. Chem. Phys.,
11(12), 5685-5700, doi:10.5194/acp-11-5685-2011, 2011.

Gilardoni, S., Massoli, P., Giulianelli, L., Rinaldi, M., Paglione, M., Pollini, F., Lanconelli, C., Poluzzi, V.,
Carbone, S., Hillamo, R., Russell, L. M., Facchini, M. C., and Fuzzi, S.: Fog scavenging of organic
and inorganic aerosol in the Po Valley, Atmos. Chem. Phys., 14(13), 6967-6981,
doi:10.5194/acp-14-6967-2014, 2014.

Huang, X.-F., He, L.-Y., Hu, M., Canagaratna, M. R., Sun, Y., Zhang, Q., Zhu, T., Xue, L., Zeng, L.-W., Liu,
X.-G., Zhang, Y.-H., Jayne, J. T., Ng, N. L., and Worsnop, D. R.: Highly time-resolved chemical
characterization of atmospheric submicron particles during 2008 Beijing Olympic Games using
an aerodyne high-resolution aerosol mass spectrometer, Atmos. Chem. Phys., 10(18), 8933-
8945, doi:10.5194/acp-10-8933-2010, 2010.

Jimenez, J. L., Canagaratna, M. R., Donahue, N. M., Prevot, A. S. H., Zhang, Q., Kroll, J. H., DeCarlo, P.
F., Allan, J. D., Coe, H., Ng, N. L., Aiken, A. C., Docherty, K. S., Ulbrich, I. M., Grieshop, A. P.,
Robinson, A. L., Duplissy, J., Smith, J. D., Wilson, K. R., Lanz, V. A., Hueglin, C., Sun, Y. L., Tian,
J., Laaksonen, A., Raatikainen, T., Rautiainen, J., Vaattovaara, P., Ehn, M., Kulmala, M.,
Tomlinson, J. M., Collins, D. R., Cubison, M. J., Dunlea, J., Huffman, J. A., Onasch, T. B., Alfarra,
M. R., Williams, P. I., Bower, K., Kondo, Y., Schneider, J., Drewnick, F., Borrmann, S., Weimer,
S., Demerijian, K., Salcedo, D., Cottrell, L., Griffin, R., Takami, A., Miyoshi, T., Hatakeyama, S.,
Shimono, A., Sun, J. Y., Zhang, Y. M., Dzepina, K., Kimmel, J. R., Sueper, D., Jayne, J. T., Herndon,
S. C., Trimborn, A. M., Williams, L. R., Wood, E. C.,, Middlebrook, A. M., Kolb, C. E,,
Baltensperger, U., and Worsnop, D. R.: Evolution of organic aerosols in the atmosphere,
Science, 326(5959), 1525-1529, doi:10.1126/science.1180353, 2009.

Saarikoski, S., Carbone, S., Decesari, S., Giulianelli, L., Angelini, F., Canagaratna, M., Ng, N. L., Trimborn,
A., Facchini, M. C., Fuzzi, S., Hillamo, R., and Worsnop, D.: Chemical characterization of
springtime submicrometer aerosol in Po Valley, Italy, Atmos. Chem. Phys., 12(18), 8401-8421,
doi:10.5194/acp-12-8401-2012, 2012.

Vecchi, R., Marcazzan, G. M., Valli, G., Ceriani, M., and Antoniazzi, C.: The role of the atmospheric
dispersion in the seasonal variation of PM1 and PM2.5 concentration and composition in the
urban area of Milan (Italy), Atmos. Environ., 38, 4437-4446, 2004.

Zhang, Q., Jimenez, J. L., Canagaratna, M. R,, Allan, J. D., Coe, H., Ulbrich, I., Alfarra, M. R., Takami, A,
Middlebrook, A. M., Sun, Y. L., Dzepina, K., Dunlea, E., Docherty, K., DeCarlo, P. F., Salcedo, D.,
Onasch, T., Jayne, J. T., Miyoshi, T., Shimono, A., Hatakeyama, S., Takegawa, N., Kondo, Y.,
Schneider, J., Drewnick, F., Borrmann, S., Weimer, S., Demerjian, K., Williams, P., Bower, K.,
Bahreini, R., Cottrell, L., Griffin, R. J., Rautiainen, J., Sun, J. Y., Zhang, Y. M., and Worsnop, D. R.:
Ubiquity and dominance of oxygenated species in organic aerosols in anthropogenically-
influenced Northern Hemisphere midlatitudes, Geophys. Res. Lett.,, 34(13),
doi:10.1029/2007GL029979, 2007.

Zhang, Q., Jimenez, J. L., Canagaratna, M. R., Ulbrich, I. M., Ng, N. L., Worsnop, D. R., and Sun, Y.:
Understanding atmospheric organic aerosols via factor analysis of aerosol mass spectrometry:
a review, Anal. Bioanal. Chem., 401(10), 3045-3067, doi:10.1007/s00216-011-5355-y, 2011.



