Editor Prof. Joel Savarino

We thank Prof. Savarino very much for his careful and thoughtful review of our work.
Please see below for point-by-point responses in blue following Prof. Savarino’s comments,
in the order of (1) comments from Referees, (2) author's response.

Prof. Joel Savarino’s comments are in black, and the responses are in blue.

(1) comments from Referees

The reviewers still think that the propagation of errors is not correctly done and are not mentioned
when certain estimates are made (eg lines 439, 473, 505) , that the scientific content is relatively
poor although interesting questions are asked without the data being able to answer them and that
the article is too long for its scientific content.

For example, the dechlorination of marine aerosols is a well-known process, so there is no need to
write a 20+ lines paragraph to indicate that the results are consistent with previous studies;

(1) author's response

Thanks for the comments. In the revised manuscript, all of the errors were included when
calculating the non-sea-salt fractions of ions in snow.

Following the comments from both editor and reviewer, the article was significantly shortened,
and now it is a short communication instead of a research artic (see responses below).

Indeed, dechlorination of sea salt aerosols is a well-known process, and a detailed discussion on
the process was omitted in the revised manuscript. In the updated version, only the possible source
of nssClI" in snow was simply mentioned. Please see the first paragraph in Section 4.1,

“nssCI” accounted for (39424) % of CI on the traverse, with higher values in the interior areas. The
elevated fractions of nssCl™ are likely associated with the ‘secondary’ HCI which is produced by the
reactions between sea salts and acids (e.g., HNOs;and H,SO,) (Finlayson-Pitts, 2003).”

(2) comments from Referees

Similarly, the discussion on potassium is rather poor and does not allow to conclude, the ternary
diagram is useless, a discussion on nss sulfate is sufficient, the principal components analysis does
not bring any new element justifying such a development. Several essential references on e.g. the

stability of nitrate in snow are missing (Freyer 1996, Neubauer 1988, Legrand 1990).

(2) author's response



Agreed and thanks for the comments.

For the discussion on main origins of nssK’, the data of refractory black carbon (rBC), a
tracer of biomass burning emissions in the Southern Hemisphere (Sigl et al., 2016), was included. In
Antarctic snow, the nssK™ has three main sources, biological activity on the coast (Rankin and Wolff,
2000), terrestrial particle mass transport, and combustion emissions in the Southern Hemisphere
(Virkkula et al., 2006; Hara et al., 2013). Considering that all sampling sites are at least several tens of
kilometers away from the coast, the contribution of biological activity to snow K would be rather
minor (Rankin and Wolff, 2000). A lack of correlation between K (or nssK®) and refractory black
carbon (rBC; Figure below), which mainly represent the biomass burning emissions in the Southern
Hemisphere (Sigl et al., 2016), suggests that K* is unlikely dominated by biomass burning emissions in
surface snow.
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Figure. Correlations between refractory black carbon (rBC) and K* (nssK™) in Antarctic surface snow
collected in 2012-2013 campaign. The rBC analysis system consists of an ultrasonic nebulizer and
desolvation system (CETAC UT5000) coupled with a Single Particle Soot Photometer (SP2, Droplet
Measurement Technologies, Boulder, Colorado).

Following the reviewer’s suggestion, all ternary diagrams and related context were excluded in the
revised manuscript. In the revised manuscript, only the non-sea-salt fractions of ions were discussed,
and the discussion on the modification to sea salts with the aid of the relationships among CI, Na* and
SO,” was excluded.
Indeed, parts of the principal components analysis (PCA) results are similar to the outcomes of
correlation analysis between ions and Na™ in the original version. In this case, the parts associated with
PCA method and discussions were excluded in the revised manuscript.
In the previous version, indeed, several import works on nitrate in snow were missing (Freyer 1996,
Neubauer 1988, Legrand 1990). In the revised manuscript, the discussion on snow nitrate was excluded,
considering the word limits of a brief communication and that nitrate in the snow across the Antarctic
ice sheet (and on this traverse) has been extensively investigated (e.g., Frey et al., 2009; Erbland et al.,
2013; Shi et al., 2015; Shi et al., 2018). Consequently, only the work of Neubauer and Heumann (1988)
was included in the introduction in the revised manuscript.

Neubauer, J., and Heumann, K.G.: Nitrate trace determinations in snow and firn core samples
of ice shelves at the Weddell Sea, Antarctica, Atmospheric Environment (1967), 22, 537-545,
1988.



(3) comments from Referees

The correlations of nitrate and sulfate with accumulation have already been shown and either their
interpretation has already been made (sulfate) or do not allow to deduce a result without knowing
a priori this result by other means (nitrate).

(3) author's response

Agreed. Following the comments, the correlations of chloride, nitrate, and sulfate with snow
accumulation rate were excluded in the revised manuscript. In the manuscript, we only focus on
the occurrence, sources and variability of non-sea-salt fractions of ions in snow. Please see the
revised manuscript.

(4) comments from Referees

In spite of this and like the reviewers, | think that the data from the traverse deserves to be
published, especially because this type of measurement is rare in Antarctica. | therefore suggest to
the authors to drastically shorten the size of the manuscript by focusing on the new results of their
study compared to previous ones and passing quickly over the similarities. To this end |
recommend the submission of a short paper in the form of a brief communication rather than a
research article.

(4) author's response

Thanks to Prof Joel Savarino, and following your suggestion, the scientific content in the
manuscript was significantly shortened. Now, the revised version is in the form of a brief
communication rather than a research article, and we only focus on the non-sea-salt fractions of
ions in the revised manuscript. Several important revisions were made to meet the requirements of
a brief communication:

1) The manuscript title now is, Brief communication: Spatial and temporal variations in surface
snow chemistry along a traverse from coastal East Antarctica to the ice sheet summit (Dome A)

2) The abstract was significantly shortened and improved. Now, the total word number is ~100,
meeting the requirements of a brief communication.

3) Three figures (required by a brief communication) were kept in the revised version. The ternary
diagram, correlations of chloride, nitrate, and sulfate with snow accumulation rate, the PCA results
are omitted. The other figures were moved to the supplementary materials.

4) The Introduction was significantly shortened, and spatial and temporal variations in chemical
ions in Antarctic snow and ice were generally reviewed. Then, raised why we carried out the
present investigation.

5) In the section Results, the ion variations in snow pits and ion concentrations in surface snow
were concisely summarized.



6) In the section Discussions, we focus on: 1) the non-sea-salt fractions of ions in surface snow,
including the spatial patterns and main sources of the non-sea-salt fractions of ions, and 2)
non-sea-salt fractions and fluxes of ions in snow pits, including the seasonal variations of the

non-sea-salt fractions of ions and the related controlling factors, and the ion fluxes were also
calculated.

7) The section Conclusions was revised accordingly.
Through the abovementioned revisions, the updated version tends to meet a brief accumulation.
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End of responses to Prof. Savarino.



