Response to comments of referee #1

General Comments

The main objective of this field study is to assess the impact of new particle formation (NPF) and secondary aerosol on the cloud condensation nuclei (CCN) budget in the summertime Arctic troposphere. To this end, a physico-chemical characterization of newly formed particles, their nucleation process and growth constituted the scaffolding of this work. The authors succeeded to run a formidable state of the art equipment onboard RV Polarstern during an Arctic research cruise. The presented results and conclusions are predicated on an in-depth and sound data evaluation. The authors clearly state assumptions and shortcomings (e.g. the lack of gaseous H2SO4 or in situ organic carbon measurements, which would have been beneficial to constrain nucleation and growth mechanism). Nevertheless, the presented outcome of this work is a considerable progress in understanding aerosol-cloud interaction and its climatic consequences during Arctic summertime. In my opinion, the authors organized their manuscript straightforward and their conclusions are widely comprehensible. Without doubt, the topic addresses the scientific scope of ACP and I recommend a final publication after some minor revisions I specified below.

Reply:
We are contented that referee #1 sees the value of such studies. We also sincerely thank to referee #1 for his/her time, comments, and suggestions, which will indeed improve the manuscript. In the following, we would like to address the detailed comments step-by-step.

DETAILED COMMENTS

1. Chapter 2.1.1: I think you should better move the whole section to the corresponding places in the “Results” chapter, because it is reasonable to present this auxiliary information along with the described NPF events. In the present form, part of the information given now in chapter 2.1.1 are just repeated in chapter 3.

Reply:
We agree with the referee #1 that information presented in chapter 2.1.1 can be moved to chapter 3. We also realized that part of the auxiliary information is truly repeated in chapter 3. Thus, we reviewed the mentioned chapters, dissolved chapter 2.1.1, and updated chapter 3 accordingly. Thank you for the insightful suggestion.
 We have also noticed that chapter 3.1.3 shall indicate 26 June, and not 28. Changes are highlighted in yellow.   

3.1.1 NPF 1: 1 June
The first NPF event with a subsequent particle growth was observed from around 6 am onwards on 1 June, 2017. The RV Polarstern reached the marginal ice zone at 11 am and entered the pack ice at around 3 pm on 31 May, 2017 (note that all times in this study are given in UTC). This can be seen from the air and water temperature profiles (Fig. 2). The temperature of air and water decreased from approx. +5 °C to -5 °C (air) and -2 °C (water). In this area, the ice was broken up by leads, which facilitated the passage of the vessel towards the north. Around 8 pm a region with more densely packed ice was reached, which obstructed the movement of the ship (Nicolaus, 2018). On these occasions, due to frequent reverse-forward ship movement, pollution highly affected the measurements on-board (see PNSDs in Fig. 1). On 1 June, the vessel could once again pass through open leads in the pack ice, allowing for contamination-free scans for the time period from 4 am to 8 pm. During this time, RV Polarstern moved 26 km (from 80.39°N 7.58°E to 80.62°N 7.94°E) in mostly cloud-free conditions. From 6 pm to 8 pm, a thin ice cloud was present in over 8 km altitude. Also, over a short period from 2 to 3 pm, intermittent low-level liquid clouds were present, which however did not decrease the global radiation significantly. For a more detailed description of local and associated large scale weather patterns during PS106 refer to Knudsen et al. (2018).
Before the NPF event, the average particle number concentration in a size range from 10 to 50 nm (PNC10-50), was 50 particles cm-3.
…
3.1.2 NPF 2: 18 June
On 17 June, the ship was moving southward through packed ice area, breaking floes and navigating through polynyas (Nicolaus, 2018). Over the complete day of 17 June, low-level stratocumulus clouds were present, which were broken up occasionally between 7 am and 1 pm, and 4 to 10 pm. Between 11 pm on 17 June and 1 am on 18 June, measured visibility decreased, accompanied by an increase in relative humidity (RH), indicating fog. This low-level cloud layer was present until approximately 8 am on 18 June, when RV Polarstern left the packed ice entering the marginal ice zone. This resulted in water and air temperature increase from -1.9 °C to approx. 2 and 0.5 °C above zero, respectively. At the same time, local wind speed decreased from 5 to 2 m s-1. During the following hours, until 6 pm, no clouds were present except for a very thin, high ice cloud at 8 km from approximately 11:30 am to 12 pm. This period of high incident radiation was only briefly interrupted by a short fog event from 3 to 3:30 pm. During this whole time, RV Polarstern moved through open water, but was always surrounded by floating ice. Starting at 6 pm, a thin low-level cloud layer was present above the ship, which decreased the global radiation significantly. This cloud layer was present until the next day, 19 June, at approximately 12 pm. During 19 June, RV Polarstern was moving through open water and ice along the west coast of Spitsbergen Island (Fig. 1). From approximately 12:30 pm to 3 pm another short cloud-free period led to high global radiation. At 4 pm at approx. 3 km altitude a cloud moved in decreasing the global radiation once again.
The PNC10-50 and PNC100-800 from 17 June prior to the NPF event were rather stable, with an average value of approx. 30 cm-3.
…

3.1.3 NPF 3: 26 June
The third, least intensive NPF event occurred during the second leg of the expedition, 26 June, when RV Polarstern was at the marginal ice zone, around 200 km east of Svalbard, moving towards the North. Areas dominated by open water were passed by the vessel, as well as ice-covered water (Nicolaus, 2018). However, the ice was never very densely packed and the transit of the ship did not require breaking the ice. Low-level clouds and fog were present during all of 25 June to 27 June; on 28 of June a short period of cloud-free conditions was observed from around 4 to 6 am. There were two short floe stations, one on 25 June from around 5 pm until midnight and the other on 27 June from around midnight to 3 am.
The formation and growth of particles was already observed on both 24 and 25 June during less pronounced NPF events (not shown), when the ship was approx. 100 km South of Svalbard coast.

…

3.1.4 NPF 4: 2 July
[bookmark: _GoBack]From midnight of 1 July to 4 July, RV Polarstern was moving northwards from 81.64°N 32.62°E to 82.16°N 32.87°E. This region was mostly ice-covered with some open leads, through which the vessel could pass without having to break the ice. At this time of the expedition, melt ponds were observed frequently on the ice floes. On 1 July, there was a thick (up to 3 km altitude) low-level cloud layer present until 2 pm associated with some snow fall. After 1 pm, the cloud bottom height increased steadily; however, some intermittent fog was still present at sea level. A single fogbow was observed between 6:20 and 7 pm. The fog dissolved at midnight on 2 July. Almost throughout the entire day of 2 July, no clouds were present except for optically thin cirrus clouds, allowing for high solar irradiation.
On 2 July, the RV Polarstern ventured further into the Arctic ice, more than 300 km from the coasts of Svalbard and Prince George Land (81.51°N, 32.97°E).
…

2. Chapter 2.2.3, line 204 & 205: Please briefly specify in which way you determine particle hygroscopicity (I guess kappa is derived from CCNC data?).

Reply:
Thank you for your question. The hygroscopicity parameter kappa was derived from VH-TDMA measurements (when instrument was running in H-TDMA mode). To specify this, we have included the following description to chapter 2.2.3: 

The particle hygroscopicity parameter kappa () was derived from VH-TDMA data following the -Köhler theory by Petters and Kreidenweis (2007):
 	(1)
where S is the saturation ratio;  - the surface tension of the solution;  - the molecular weight of water; R - the universal gas constant; T - the temperature;  - the density of water; and  – particle dry diameter.
Since the new equation (Eq. 1) was introduced, we re-numbered the following equations accordingly.

3. Page 10, lines 283 to 287: Contamination control: Did you entirely rely on the CNC data or did you also include relative wind direction and velocity from the ships weather station?

Reply:
Thank you for your question. A separate condensation particle counter (CPC) was used to measure total particle number concentration (PNC) with time resolution of 2 seconds (please note that in the text, chapter 3, time resolution was said to be 1 s, which is not correct). An exemplary data of PNC is presented in Fig. R1. It can be clearly seen that ship pollution heavily affects the momentary PNC. Even during NPF event, the maximum particle number concentration did not exceed 5000 particles cm-3. Meanwhile, ship pollution resulted in order of magnitude higher concentrations. It is obvious that such increase must be related to ship exhaust pollution. Moreover, we have also compared PNC increase with a signal from Single Particle Soot Photometer (SP2, operated inside the aerosol container by scientist from Alfred Wegener Institute. Data is not presented in the manuscript). After comparing the results from both SP2 and CPC, we came to conclusion that CPC recorded sharp increase in PNC is a good indicator for ship-related pollution. Therefore, for online measurements only CPC and SMPS data was used for contamination inspection.

[image: Z:\p3_working\SK-home\PAPERS\Polarstern2017_NPF\revision\Graph1.png] 

Fig. R1. Total particle number concentration during new particle formation event and contamination from ship.

That being said, automatic system (to measure relative wind direction) was installed together with high volume sampler to stop the pumps when wind came from a specific direction (related to ship exhaust). Similar approach was used by Huang et al. (2018), who performed her measurements inside same TROPOS measurement container onboard RV Polarstern. Berner impactor, on the other hand, did not have such system to prevent samples from contamination. However, in our work we did not use samples, which had high elemental carbon concentrations, indicating ship exhaust pollution.

Huang, S., Wu, Z., Poulain, L., van Pinxteren, M., Merkel, M., Assmann, D., Herrmann, H., and Wiedensohler, A.: Source apportionment of the organic aerosol over the Atlantic Ocean from 53° N to 53° S: significant contributions from marine emissions and long-range transport, Atmos. Chem. Phys., 18, 18043–18062, https://doi.org/10.5194/acp-18-18043-2018, 2018.

4. Page 10, lines 289 to 291: Data from Zeppelin Mountain Observatory: If these data are significant for your evaluation, I miss a more detailed discussion along with your results.

Reply:
Thank you for your comment. Data from both Villum Research Station and Zeppelin Mountain Observatory was used only for supplementary information (to confirm whether NPF is a regional phenomenon) regarding NPF observed at RV Polarstern (as indicated in line 290: “data for visual inspection …”). We refrained ourselves from more detailed discussion, because we did not obtain/possess full data set regarding the NPF events. More detailed discussion would require a deeper look into data sets from Zeppelin Mountain Observatory and Villum Research Station, discuss the results with station responsible personnel/scientists etc., which is out of the scope of this study. 

5. Page 18, lines 535 to 540: Estimating gaseous H2SO4 concentrations is crucial in order to describe nucleation and growth mechanism. If I understand aright, you used the tables and the given interpolation method presented by Yu (2010), where the basic input parameter is the observed nucleation rate (and not the growth rate)? Please clarify. In addition, you assume that because of the measured hygroscopicity parameter, only the binary system H2SO4-H2O is in the running and particularly not the tenary H2SO4-NH3-H2O system. In my view, it may still be worthwhile to envisage the latter option by comparison (see Napari et al., 2002). 

Reply:
Thank you for your comment/suggestion. For gaseous H2SO4 concentration, we reached out to Fangqun Yu (UAlbany), who was kind to introduce us to FORTRAN routine, which we used to estimate the assumed gas participating in NPF. The H2SO4 concentration was obtained by matching our calculated nucleation rate with corresponding modeled nucleation rate by varying H2SO4 concentration. When preparing the manuscript, we were also intended to use ternary nucleation mechanism to investigate our observed nucleation rates, however, Prof. Yu unfortunately did not have look up tables for ternary nucleation. Thus, we are grateful to referee #1, who pointed us to a valuable source of information, which we previously missed.
Based on our observed formation rates and Napari et al. (2002) parametrization, we estimated the concentrations of H2SO4 and NH3 (Fig. R2), which ranged from 1 x 104 to 5 x 106 cm-3, and 0.1 to 100 ppt, respectively. Assuming Napari et al. (2002) used ppt as pptv for NH3, we see that such concentrations of ammonia can be indeed found in Artic region (Wentworth et al., 2016). In manuscript (Lines 560 – 570), we provided some sort of discussion regarding ammonia involvement in nucleation, which we expanded based on new results from the parametrization of ternary system, as suggested by referee #1. We have included the following text into manuscript:
Some studies (e.g. Croft et al., 2016; Köllner et al., 2017) identified that certain nitrogen-containing species such as ammonia and amines are linked to particle growth in the Arctic region. To test this, we investigate the formation rate of critical clusters using a parametrization of the ternary H2SO4-NH3-H2O system, presented by Napari et al. (2002). That is, we adjust the concentrations of H2SO4 and NH3 until we get the formation rate close to that of observed value. The estimated concentrations of H2SO4 and NH3 varied from 1 x 104 to 5 x 106 cm-3 and 0.1 to 100 ppt, respectively (see supplementary material). According to Wentworth et al. (2016), such concentrations of NH3 can be indeed found in the Artic region. There is evidence that H2SO4-NH3-H2O clusters are only partly neutralized under atmospheric conditions (e.g. Kurtén et al., 2007; Schobesberger et al., 2015). On the other hand, Asmi et al. (2010) reported that Aitken mode particles are somewhat more neutralized. Now, if we assume that the newly formed particles were partly neutralized by ammonia (as suggested by Giamarelou et al., 2016), we would expect particle hygroscopicity to be close to that of ammoniated sulfates. However, our observed HGF of 20 and 30 nm particles during both events were somewhat lower (e.g. 1.46 versus 1.64, Asmi et al., 2010).
References:

Asmi, E., Frey, A., Virkkula, A., Ehn, M., Manninen, H.E., Timonen, H., Tolonen-Kivimäki, O., Aurela, M., Hillamo, R. and Kulmala, M.: Hygroscopicity and chemical composition of Antarctic sub-micrometre aerosol particles and observations of new particle formation. Atmospheric Chemistry and physics, 10, 4253-4271, 2010.
Kurtén, T., Torpo, L., Sundberg, M.R., Kerminen, V.M., Vehkamäki, H. and Kulmala, M.: Estimating the NH3:H2SO4 ratio of nucleating clusters in atmospheric conditions using quantum chemical methods. Atmospheric Chemistry and Physics, 7, 2765-2773, 2007.
Schobesberger, S., Franchin, A., Bianchi, F., Rondo, L., Duplissy, J., Kürten, A., Ortega, I.K., Metzger, A., Schnitzhofer, R., Almeida, J. and Amorim, A.: On the composition of ammonia–sulfuric-acid ion clusters during aerosol particle formation. Atmospheric Chemistry and Physics, 15, 55-78, 2015.
Wentworth, G. R., Murphy, J. G., Croft, B., Martin, R. V., Pierce, J. R., Côté, J.-S., Courchesne, I., Tremblay, J.-É., Gagnon, J., Thomas, J. L., Sharma, S., Toom-Sauntry, D., Chivulescu, A., Levasseur, M., and Abbatt, J. P. D.: Ammonia in the summertime Arctic marine boundary layer: sources, sinks, and implications. Atmospheric Chemistry and Physics, 16, 1937–1953, 2016.
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Fig. R2. Nucleation rate as a function of ammonia mixing ratio at T= 270 K and RH= 92% (according to parametrization by Napari et al. (2002). Total sulfuric acid concentration (in molecules per cm3) is indicated for each curve. Dash-dot lines show the observed formation rate limits.

We have also included Fig. R2 to supplementary material.



6. Page 19, line 559: Sorry for nagging, but being a chemist, I have to note that ammonia is not an organic species (though it could be biogenic, if you mean this).

Reply:
Thank you for your remark on this chemical incorrectness. Nagging is accepted. It is true that ammonia is not an organic species. However, ammonia is not exclusively biogenic either, even though biogenic sources are considered the biggest contributors for the Arctic atmosphere. Taking all into consideration, we changed the text in line 559 as follows:

Some studies (e.g. Croft et al., 2016; Köllner et al., 2017) identified that certain nitrogen-containing species such as ammonia and amines are linked to particle growth in the Arctic region.


7. Page 22, line 655 and eq. (7): The CCN increase due to NPF is defined as the difference between the CCN formed under background aerosol with diameter >100 nm and the CCN resulting from NPF. I do not understand why you used a cut-off of 100 nm defining background conditions. First, the model handles a bi-modal size distribution with geometric mean diameter and geometric standard deviation as input. Secondly, during all NPF events to be considered (referring to Fig. 2), particles did not grow above 50 nm. Thus, if at all, it would be reasonable defining a cut-off at around 50 nm instead of 100 nm for the background case. Please clarify!

Reply:
Thank you for your comment. We agree that the definition of the CCN increase is somewhat not clear. In the following, we would like to clarify the line of thought when calculating the CCN increase due to NPF:
1. We calculate CCN number concentration resulting from parcel model using input values presented in Table 3. That is, we use those PNSDs, which is a result of new particle formation and subsequent growth. Model then outputs the CCN number concentration resulting from each mode (smaller particle mode at 13 to 44 nm; and larger particle mode at 101 to 194 nm). Total CCN number concentration is then a sum of CCN number from each mode. Please note that we calculate CCN number concentration resulting from 2 modes.
2. We then take total CCN number concentration (resulting from bi-modal size distribution, influenced by NPF) and divide it by the number of CCN resulting only from uni-modal distribution of >100 nm particles (from a different parcel model run, including only accumulation mode particles). We called these (>100 nm) particles as background aerosol, because from our observations it seems that it is always present in the Arctic atmosphere. In figure 2, one can see that average PNSD (PNSDs were taken from the cleanest episodes observed onboard RV Polarstern: 31 May 15:00 to 1 June 06:00; 14 June 15:00 to 15 June 15:00; 1 July 15:00 to 2 July 03:00; 5 July 21:00 to 6 July 12:00; 8 July 00:00 to 8 July 12:00) is indeed composed of two modes with geometric mean diameters at 22 and 132 nm. 

It might sound reasonable to calculate the increase in CCN number concentration with the reference to average background PNSD (which includes two modes). However, if looked at overall campaign PNSDs (not shown in the manuscript; available at request), in many cases the smaller particle mode is a result of new particle formation that happened either in the past days, or different location (and were transported to measurement site). Moreover, during NPF at 1 June, mode at <50 nm was not present at all. Another way would be to use PNSDs recorded just before each NPF event (Fig. R3). However, in this case, <50 nm particle mode is also frequently a result of the past NPFs. Therefore, it would be not entirely correct to include <50 nm mode if we want to estimate the increase in CCN number concentration due to NPF.   

[image: Z:\p3_working\SK-home\PAPERS\Polarstern2017_NPF\revision\Graph6.png]
Fig. R3. Particle number size distributions (PNSD) measured prior new particle formation and campaign average PNSD (derived from the clean episodes). Please note that the mode at geometric mean diameter > 100 nm is present in all the cases, which cannot be said about ultrafine particle mode (PNSD before NPF at 1 June).

That being said, we have re-analyzed the increase in CCN number concentration in two different ways: 1) using the CCN number concentration resulting from campaign average PNSD (PNSD only from clean episodes); and b) using the CCN number concentration resulting from PNSD measured just before the NPF. Because we did not measure the hygroscopicity parameter kappa of 20 nm particles continuously, we used kappa value of 0.28 (average kappa value of 16-25 nm particles, measured during NPF). For accumulation mode particles, we assumed kappa of 0.33 (campaign average). In case 1, the number concentration of CCN (resulting from campaign average background PNSD) was 17 and 28 cm-3, for updraft wind speeds of 0.1 and 3.2 m s-1, respectively. This gave us the CCN number increase by 2 to 11 fold (versus 2 to 5 if old calculation from manuscript is used) for updraft wind speed of 0.1 m s-1. For updraft wind speed of 3.2 m s-1, the increase in CCN number was even higher – from 8 to 51 fold (versus 4 to 32 if old calculation from manuscript is used)   

For case 2, the number concentration of CCN (resulting from PNSD just before NPF) depends on a specific PNSD, which was measured before every NPF event. Let us start with 1 June. The CCN number concentration, resulted from PNSD measured during 1 June (Fig. R3, black line) was 35 (for 0.1 m s-1 updraft wind) and 40 (for 3.2 m s-1 updraft wind) cm-3. For lower updraft wind speed, parcel model did not show any increase in CCN number. However, for higher updraft wind, the CCN increase was 29 fold (versus 10 fold if old calculation method is used). For 18 June, the CCN increase was from 2 to 4 fold (same as in our old calculations) and from 6 to 20 fold (versus 6 to 32 fold in our old calculations) for updraft wind speeds of 0.1 and 3.2 m s-1, respectively. And finally for 2 July, the CCN concentration increase was 5 fold in both updraft wind speed cases (same as in our old calculation). Please note that we did not include here calculations for 26 June NPF, because PNSD prior NPF was strongly affected by NPF on 24 and 25 June. 

The main conclusions from such an exercise could be as follows:
1. Aerosol particle mode at geometric mean diameter of >100 nm was always present during the measurement campaign.
2. This cannot be said about <50 nm particle mode (see Fig. R3, PNSD before 1 June NPF).
3. It may seem sensible to use campaign averaged PNSD from clean episodes to define background PNSD, however, from our measurements, we noticed that in most cases the smaller particle mode is a result of NPF (either past days or transported from different location). Thus, it is not very precise to include nucleation mode particles in background aerosol definition when we try to estimate the increase in CCN number due to NPF. 
4. Another approach could be using PNSD before NPF event to define background aerosol (same problem as in point 3).
5. We have calculated the increase in CCN concentration using two different PNSDs: for case one, campaign clean episode average PNSD; and PNSD recorded just before NPF event (point 3 and point 4 of these conclusions). We found that in case campaign average PNSD is assumed as background aerosol, the CCN increase is even higher (up to 11 fold (versus 5 fold; for updraft wind speed of 0.1 m s-1). In case the PNSD prior NPF event was assumed as background aerosol, there was almost no difference compared to the results obtained using the methodology presented in the manuscript.
6. In both cases, we were able to show the CCN increase due to NPF.  

Therefore, we tend to believe that our methodology to estimate the CCN number increase is correct (least wrong; we do not want to include <50 nm mode particles in the calculation, because most of the time these particles were the result of NPF during previous days). Nevertheless, we agree with referee #1 that some clarification is needed in the manuscript. For this, in the manuscript we have changed the following:

We define the CCN number concentration (NCCN) increase due to particles created in the nucleation process as:
, 	(8)
where  is the number concentration of CCN resulting from the particles created in NPF event (calculated from bi-modal PNSD using parcel model; see Table 3 for simulation parameters) and NCCN,bp is the CCN number concentration resulting entirely from accumulation mode particles present during the NPF event (newly formed particle mode is suppressed in parcel simulation). For more detailed discussion about CCN increase calculation, please refer to supplementary materials.

Moreover, we included the above discussion to supplementary material.


8. Figure 2: This series of figures show a wealth of information that I could not really decipher in the present printed version. A magnification of the on-line version is necessary, but the resolution of the figures are somewhat poor. I would therefore recommend remedying this point.

Reply:
Thank you for your recommendation. We realized that the quality of on-line version of figure 2 is truly poor. This may have happened due to the following: we have prepared the manuscript using MS Word. Meaning, Fig. 2 was imported and had to be resized to fit A4 format. Later, for submission to ACP, MS Word document was converted to pdf. We did not upload Fig. 2 as a separate vector graphics picture, resulting in poor resolution. We will make sure that in final version of manuscript, the highest quality figure will be included. For the moment, we attach Fig. 2 once again (in landscape orientation to maximize the resolution).
    
[image: Z:\p3_working\SK-home\PAPERS\Polarstern2017_NPF\Figures\Fig2 FINAL\fig02.png]
9. Figure 4: Fine, but what is about sea salt (Na+ and/or Cl-) data? These results are equally of some interest. For instance, a correlation with OC could give a hint whether part of the OC is primary aerosol that may be generated in conjunction with sea spray (just a mere suggestion for my part).

Reply:
Thank you for the suggestion. We agree that looking at sea salt data is worthwhile, thus, we added a size-resolved sodium data to Figure 4 (see below). Sodium was mainly found on aerosol particles on Berner stages 3-5, while the majority of OM was determined on the submicron particles (Berner stages 1-3).
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Figure 4: Size-resolved atmospheric concentrations for ammonium, MSA, nss-sulfate, sodium, and OM for two sampling periods and the whole campaign average.

Accordingly, we added this aspect to the text in the manuscript (Lines 435-447): 
Sodium was mainly found on Berner stages 3 – 5. The sodium values for the sampling period from 25 to 28 June (Berner stage 4: 49 ng m-3) were quite similar to the average values, while the impactor samples from 29 May to 1 June showed much higher atmospheric concentrations (Berner stage 4: 386 ng m-3). This agrees well to previous studies, which show that atmospheric sea salt is mostly present in super-micron particles, while OM contributes strongly to the submicron particle composition (e.g. Müller et al., 2010). Previous works also suggest that OM is strongly enriched during the bubble bursting process (compared to sea salt) and therefore OM and sea salt are not transferred to the same extend from seawater to the aerosol particles (Keene et al., 2007; Quinn et al., 2015; Van Pinxteren et al., 2017). It is possible that increased sodium and OM, observed during NPF 1, is a result of sea spray, however, due to low sampling time resolution of Berner cascade impactor, we restrict ourselves from such conclusion. Moreover, please note that the increased values of sodium during this time period may be related to ship’s proximity to open water (RV Polarstern reached the marginal ice zone only on 31 May), while the increase in OM could have happened later (e.g. 1 June), yet, included in the same sample. In chemical sample analysis, we did not find any positive correlation between OM/OC and sodium, concerning the different aerosol size classes. A more detailed chemical characterization of the aerosol particles during PS 106 cruise will be addressed in a separate publication. 
Further changes: 

We noticed that we missed to give a direct link between the Berner stages and their corresponding particle size. We fix this by including the following text into manuscript section 2.2.5:

The sampling of aerosol particles was conducted using five-stage low-pressure Berner impactors (Hauke, Austria) with a flow rate of 75 L min−1, which was installed on the top of the observation deck facing the ocean at a height of ca. 25 m. Particles were collected in the size ranges 0.05 – 0.14 μm (stage 1), 0.14 – 0.42 μm (stage 2), 0.42 – 1.2 μm (stage 3), 1.2 – 3.5 μm (stage 4), and 3.5 – 10 μm (stage 5) aerodynamic particle diameter (50% cut-off) on aluminum foils as impaction substrates, which had been heated at 350 °C for at least 2 hours to reduce blank levels prior to sampling.

10. Page 16, line 453: It should be 5.4 nm h-1 (not 5.4 h-1).

Reply:
Thank you. We fixed the noted typo. 

11. Page 23, line 678: ...it can be concluded (not conclude).

Reply:
Thank you. We fixed the noted typo.
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