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Comments on Liu 2018 Antarctica aerosol

General Comments

This paper covers a year’s worth of organic aerosol measurements in a region that is
rarely sampled and sheds valuable insight into the chemical composition of
Antarctic aerosol. The paper is well-written and the figures and tables are clear and
legible. Aside from minor corrections and qualifications, I have just one concern
with the current form of the manuscript. The authors claim a connection between
carboxylic acid variability and downwelling radiation that, for reasons I describe
below, is misleading. Unless the authors can clarify and justify this correlation, I
would recommend that the discussion of that connection be omitted. Otherwise the
paper needs only minor revision before it is suitable for publication. Given that this
aspect may take more work to revise, I am selecting major revision in the online
evaluation. However, the changes should not be overly burdensome.

The authors thank the referee for the review. We have addressed the concern about the
carboxylic acid disscussion and have clarified that point below. We also addressed other
minor comments and concerns, and these have improved the manuscript as itemized
below. (Page and line numbers in this response reference the location in the
discussion paper where the text is inserted. The revised manuscript will note these
revisions separately with tracked changes when it is posted.)

Specific Comments

Pg 2 line 22: please give a value range for the “high fraction” of OH observed previously
We added the range requested as follows: "...high fraction of hydroxyl group (61% of
OM for the North Atlantic and 47% of OM for the Arctic)..." (P2 line22)

Pg 2 line 25: similarly, what range of ON mass fractions have been observed? Is it a
minor component, or major? Or highly variable?

We added the range as follows: "Organic nitrogen has also been identified as a tracer
component (0.02 to 10 ng m™)... " (P2, Line 25)

Pg 5 line 5: I don’t see SLCE defined before it is use as an abbreviation
We thank the referee for noticing this and have corrected this as follows: " ...which we
attributed to short-term local contamination events (SLCE) (Figure S1)." (P4 Line 29)

Pg 7 line 4: I’'m unclear as to what the “factors identified as urban combustion emissions”
is that correlates to the FFC factor. Do the authors mean “factor spectra”? Like, other
FTIR PMF spectra? Please clarify.

We have clarified this as follows: "... with factor spectra identified previously..." (P7
Line 4)



Figure 6 and discussion on page 8 (and in conclusion/abstract): Drawing any relationship
about photochemistry from the correlation between M&S carboxylic acid and DWR is
misleading. The observed correlation, as I understand it, is simply the correlation
between the M&S factor strength and downwelling radiation time series, since the
carboxylic acid attributed to the M&S factor is always the same fraction of the factor
(given in Fig 4), and so varies only as the strength of that factor. The same correlation
coefficient (r) would be obtained for any of the functional groups present in the M&S
factor and for the factor as a whole, as correlation coefficients do not change with
addition/subtraction or multiplication by constants to the vectors being compare. Further,
the downwelling radiation is varying only because of the season change (Fig 1) and the
strength of the M&S factor, associated with the Adelie penguins, is also due to seasonal
migration, so the observed correlation to downwelling is really just a product of the M&S
factor and downwelling both having season characteristics. The authors would have to do
more analysis and include other metrics to state that there was any connection to
photochemistry evident in this data set. I would need to see this suggestion/discussion
removed before recommending publication.

We thank the referee for this comment. We agree that the correlation to radiation itself
does not indicate secondary aerosol formation given the overlap of the seasonality of the
emissions and radiation. We have revised this discussion to note that carboxylic acids
have been shown to be from secondary aerosol formation and that in this study they are
associated with the natural seabird emission source. We have revised this section in the
Discussion, in part in response to Referee #1:

[FROM RESPONSE TO REFEREE #1]"The measured acid group concentration is likely
to be a secondary aerosol contribution since photochemical oxidation has been shown to
form highly oxidized molecules including carboxylic acids by photochemical reactions
(Alves and Pio, 2005; Charbouillot et al., 2012) . Acids are also present in trace amounts
in seawater (Gagosian and Stuermer, 1977; Kawamura and Gagosian, 1987) , but the
higher concentrations measured here are likely to only be explained by secondary
processes. The carboxylic acid group mass concentration that was associated with the
M&S factor was correlated moderately to downwelling shortwave irradiance (r=0.75,
Figure 6), supporting the idea that the carboxylic acid group mass was from
photochemical reactions." (P8 Line 7)

[FROM RESPONSE TO REFEREE #1]"Carboxylic acid group mass fractions have also
been identified as secondary photochemical products based on their correlation to solar
radiation in clean, open-ocean conditions (Frossard et al., 2014) . However, since the
seabird emissions were only high in summer when radiation was also generally high, the
correlation to radiation does not provide evidence of photochemical contributions in this
case. Interestingly, the carboxylic acid group associated with the FFC factor had no
correlation (r= 0.09) to downwelling shortwave irradiance. This difference may be
because the local emissions from McMurdo Station facilities reached the Cosray site in
less than 5 min (since McMurdo Station was 2 km away and wind speeds were 6 m s-1
on average) making them essentially “fresh” primary particles, whereas those from the
large upwind penguin colony took 6 hr (since Cape Crozier was 100 km away and wind
speeds were 6 m s-1 on average) to reach the site giving them approximately 50 times



more time for photochemical reactions leading to SOA production. It is also possible that
the anthropogenic gas-phase precursor emissions had lower SOA acid yields but there is
little evidence to support this(Rickard et al., 2010; Wyche et al., 2009; McNeill, 2015).
The source of the vapor-phase organic precursors of the summer seabird acid groups is
not known, but given their substantial contribution to mass is worthy of further
investigation." (P8 Line 13)

In addition, we have revised the following sentences in these two paragraphs to better
support this point:

"The carboxylic acid group mass concentration that was associated with the M&S factor
was correlated moderately to downwelling shortwave irradiance (r=0.75, Figure 6). "(P8
Line 7)

"The measured acid group concentration is likely to be a secondary aerosol contribution
since photochemical oxidation has been shown to form highly oxidized molecules,
including carboxylic acids (Xu et al., 2013;Barbaro et al., 2017;Kawamura and Gagosian,
1987;Sax et al., 2005;Charbouillot et al., 2012;Alves and Pio, 2005;Claeys et al.,
2007;Alfarra et al., 2006;Stephanou and Stratigakis, 1993)."(P8 Line 13)

We also revised the Abstract and Conclusion as follows:

Rephrased from "...sources were correlated to incoming solar radiation, indicating that
some OM formed by secondary pathways." to "Carboxylic acid group contributions were
high in summer and associated with natural sources, likely forming by secondary
reactions. "(P1 Line 25)

Rephrased from "was well correlated to downwelling shortwave irradiance (r=0.69) and
was likely from secondary products of photochemical reactions" to "...was high in
summer and was likely from secondary products of photochemical reactions... " (P9 Line
4)

Technical Corrections

There are extra spaces after most of the references when they end a sentence. Please edit
the Latex code that is causing that.

The format is corrected as suggested.

In a number of cases there are spaces between value and % symbols, beginning in the
abstract.
We thank the referee for noticing them. The format is corrected as suggested.

Pg 2 Line 1: insert a space between In and 1966; Pg 2 line 18: omit comma after “found
that”
We have corrected these two typos as suggested.



References

Alfarra, M. R., Paulsen, D., Gysel, M., Garforth, A. A., Dommen, J., Prévot, A. S.,
Worsnop, D. R., Baltensperger, U., and Coe, H.: A mass spectrometric study of
secondary organic aerosols formed from the photooxidation of anthropogenic and
biogenic precursors in a reaction chamber, Atmospheric Chemistry and Physics, 6, 5279-
5293, 2006.

Alves, C. A., and Pio, C. A.: Secondary organic compounds in atmospheric aerosols:
Speciation and formation mechanisms, Journal of the Brazilian Chemical Society, 16,
1017-1029, 10.1590/s0103-50532005000600020, 2005.

Barbaro, E., Padoan, S., Kirchgeorg, T., Zangrando, R., Toscano, G., Barbante, C., and
Gambaro, A.: Particle size distribution of inorganic and organic ions in coastal and inland
Antarctic aerosol, Environmental Science and Pollution Research, 24, 2724-2733,
10.1007/s11356-016-8042-x, 2017.

Charbouillot, T., Gorini, S., Voyard, G., Parazols, M., Brigante, M., Deguillaume, L.,
Delort, A. M., and Mailhot, G.: Mechanism of carboxylic acid photooxidation in
atmospheric aqueous phase: Formation, fate and reactivity, Atmospheric Environment,
56, 1-8, 10.1016/j.atmosenv.2012.03.079, 2012.

Claeys, M., Szmigielski, R., Kourtchev, 1., Van der Veken, P., Vermeylen, R., Maenhaut,
W., Jaoui, M., Kleindienst, T. E., Lewandowski, M., and Offenberg, J. H.:
Hydroxydicarboxylic acids: markers for secondary organic aerosol from the
photooxidation of a-pinene, Environmental science & technology, 41, 1628-1634, 2007.
Guzman-Morales, J., Frossard, A. A., Corrigan, A. L., Russell, L. M., Liu, S., Takahama,
S., Taylor, J. W., Allan, J., Coe, H., Zhao, Y., and Goldstein, A. H.: Estimated
contributions of primary and secondary organic aerosol from fossil fuel combustion
during the CalNex and Cal-Mex campaigns, Atmospheric Environment, 88, 330-340,
10.1016/j.atmosenv.2013.08.047, 2014.

Kawamura, K., and Gagosian, R. B.: Implications of omega-oxocarboxylic acids in the
remote marine atmosphere for photooxidation of unsaturated fatty acids, Nature, 325,
330-332, 10.1038/325330a0, 1987.

Price, D. J., Chen, C.-L., Russell, L. M., Lamjiri, M. A., Betha, R., Sanchez, K., Liu, J.,
Lee, A. K. Y., and Cocker, D. R.: More unsaturated, cooking-type hydrocarbon-like
organic aerosol particle emissions from renewable diesel compared to ultra low sulfur
diesel in at-sea operations of a research vessel, Aerosol Science and Technology, 51, 135-
146, 10.1080/02786826.2016.1238033, 2017.

Russell, L. M., Hawkins, L. N., Frossard, A. A., Quinn, P. K., and Bates, T. S.:
Carbohydrate-like composition of submicron atmospheric particles and their production
from ocean bubble bursting, Proceedings of the National Academy of Sciences of the
United States of America, 107, 6652-6657, 10.1073/pnas.0908905107, 2010.

Sax, M., Zenobi, R., Baltensperger, U., and Kalberer, M.: Time resolved infrared
spectroscopic analysis of aerosol formed by photo-oxidation of 1,3,5-trimethylbenzene
and alpha-pinene, Aerosol Science and Technology, 39, 822-830,
10.1080/02786820500257859, 2005.



Stephanou, E. G., and Stratigakis, N.: Oxocarboxylic and. alpha.,. omega.-dicarboxylic
acids: photooxidation products of biogenic unsaturated fatty acids present in urban
aerosols, Environmental science & technology, 27, 1403-1407, 1993.

Xu, G.J.,, Gao, Y., Lin, Q., Li, W., and Chen, L. Q.: Characteristics of water-soluble
inorganic and organic ions in aerosols over the Southern Ocean and coastal East
Antarctica during austral summer, Journal of Geophysical Research-Atmospheres, 118,
13303-13318, 10.1002/2013jd019496, 2013.



