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Reviewer 1: This paper uses a flow tube reactor to simulate the atmospheric oxida-
tion potential of organic molecular markers emitted from burning peat and eucalyptus.
The peat fires smoldered while the eucalyptus ones flamed. The semi-volatile organic
markers were measured off-line using GC-MS or IC-PAD. The study was able to identify
the reaction potential and the formation of semi-volatile organic markers that are com-
mon to chemical mass balance models and source apportionment studies. The study
topic is good for ACP. The results are timely because oxidation flow reactors (OFRs)
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are coming into vogue, and we need to better understand the results that OFRs pro-
duce and the potential air quality implications. With that, the study data have value and
should be published. However, this particular study also has some serious limitations
that need to be better addressed.

AC: We thank the reviewer for the detailed and constructive review of our manuscript.
Below, we first respond to general comments and then we address specific
comments. All corrections were highlighted in the marked manuscript (Sen-
gupta_manuscript_ACPD2019_review_marked_Final).

General comments:

Reviewer 1: For one, the paper organization makes it seem like there are two separate
studies, an emissions study and an OFR study.

AC: We recognize the reviewer’s concern and agree that the study does consist of two
main parts (discussion of fresh and aged BB emissions). Due to the complexity of the
data (EFs: fresh vs. aged, gas vs. particulate phase emissions from six different fuels)
we prefer to preserve the current structure of the manuscript. Initially, we intended
to present our results for fresh and aged emissions together. However, in order to
increase coherency in narration we described the fresh emissions and corresponding
changes after OFR oxidation separately.

Reviewer 1: The emissions part of the paper is substantially less useful because all
of the semivolatile markers were observed in past studies and reported about repeat-
edly. Additionally, the discussion on emissions lacks information about how these peat
burning results are different than other forms of vegetation burning and what that may
or may not mean for emissions reactivity. More critical thinking is warranted to help
emphasize how the peat burning emissions are going to impact the SOA compared
with other biomass fuels. Otherwise, it does not belong at the forefront of the paper
currently. The best approach may be to emphasize the emissions work less and get to
the OFR results sooner.
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AC: We agree with the reviewer that some of the semivolatile markers described in this
study have been already presented in other studies (Mazzoleni et al., 2007; Yatavelli et
al., 2017). On the other hand, we are convinced that our research provides new and
very important data on fresh emissions from globally important biomass fuels, which
have not been characterized extensively before. We added the importance of the emis-
sions from analyzed fuels in the “Introduction” section (Pages 3-4, lines 71-79). The
goal of this study was not to identify new BB organic compounds in fresh and aged
emissions. Our research was mainly focused on analysis of organic compounds (with
well-developed methods) and compare them between fresh and aged BB emissions
from different fuels. In addition to polar organic compounds we also analyzed PAHs,
alkanes, cycloalkanes, etc. Moreover, our next goal is to identify and quantify new BB
compounds. These data will be presented in our forthcoming papers. We agree with
the reviewer that it would be better if the OFR results appear sooner in the manuscript,
however, as we mentioned in our previous comment, because of the inherent complex-
ity of the data we are inclined to keep the current structure of our manuscript.

Reviewer 1: The lack of replicate tests is another serious study limitation. It appears
that standard deviations were taken from another set of tests and applied. This makes
it difficult to judge the quality of the concentration data given here and calls into ques-
tion how exactly the statistics were performed. It also complicates the interpretation
of evidence showing what reacted or formed. This is a major limitation that needs to
be addressed by providing the readers with sample population (N) and a detailed de-
scription of how the standard deviation was calculated and used to determine statistical
significance and so on.

AC: We recognize the lack of replicate analysis is a limitation of the current study.
Unfortunately, due to resource (limited quantity of fuels available) and budget limitations
of the project, we were able to perform only single-burning experiments with each fuel.
However, in our previous BB experiments which were run with comparable conditions
(Samburova et al., 2016; Yatavelli et al., 2017), we were able to perform triplicate burns
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for each fuel (including peats) and we argue that the uncertainties from our previous
campaigns can be used for the current burning experiments. A detailed description
was added to the section 2.5 The uncertainty of the emission factor values reported in
the current manuscript includes: 1) burn to burn variability, 2) wall losses in the OFR,
and 3) analytical uncertainty of the GC-MS method. In our previous campaigns, we
clearly observed that the burn-to-burn variability is much higher than the wall losses
and the analytical uncertainty of our method. There is no reason to believe that burn-
to-burn variability, as well as other uncertainties in the current study are different from
those observed in our previous studies. Therefore, we think that the best approach is to
use the levels of uncertainty that we calculated for our previous combustion campaigns
(calculated based on three replicate burns where a comparable experimental set up
was used) and use these values for the present data set. For levoglucosan analysis
with IC-PAD technique, we were able to calculate only analytical uncertainty.

Reviewer 1: Finally, no new emissions compounds or SOA markers were measured
that weren’t part of the original compound suite. At the very least a set of chro-
matograms should be provided showing the raw emissions and the OFR effluent. That
way we can see the major changes in these emissions.

AC: We thank the reviewer for this proposition. We could not agree more that finding
new SOA markers is really important in this area of atmospheric research. As men-
tioned in the current manuscript, we actually performed GC-MS full scan runs on our
samples and we are currently working on the data for a future publication discussing
compounds that fall outside of the current method.

Specific comments:

1. line 13: conserve use of the term ’significant’ for describing statistics results.

AC: We changed “significant” on “ prominent” (Page 1, Line 12). The word “significant”
related to statistical results was also reviewed and changed through the text
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2. line 48: Biomass burning particles exhibit a variety of toxicological properties other
than mutagencity. It is worth being clear about that.

AC: We agree, BB particle and gas exhibits wide toxicological properties and muta-
genicity is one of them. Hence, we have rephrased the sentence and added a few
more refences on the toxicity of BB aerosols (Page 3, lines 47 – 49)

3. lines 54-59: [MAJOR] Resolving the organic chemical composition of biomass
burning particles is indeed challenging and improvements in speciation are needed.
However, this particular study doesn’t improve speciation technology in any way. It
examines a common set of polar organic compounds and simulates their potential to
photooxidize in the atmosphere. The suggestion is to focus on the reactivity of these
molecules not on the improved speciation seeing that there are no methodological im-
provements in molecular level speciation being presented per se. After this study, we
are still near 80% w/w for the unknown chemical fraction.

AC: We appreciate reviewer’s point and agree that this study is not novel in identification
of new BB species. The goal of this research was to compare fresh and OFR aged
BB emissions of known compounds, which have been already identified in previous
studies. We deleted this part of the text from the main manuscript to avoid a wrong
impression that we also characterized unknown BB compounds (Page 3, lines 55-60).
Also, we added a sentence (Pages 5-6, lines 132-135 of the marked manuscript) that
clarifies the goal of this study.

4. lines 61-72: This study uses peat as the main BB fuel. Be more specific about
the importance of peat burning and why there needs to be a global emphasis on peat
burning emissions

AC: This is a good recommendation. Analysis of both fresh and aged peat burning
emissions is indeed one of the strengths of this work. We added a paragraph that
explains the importance of the peat emissions (Pages 3-4, lines 71-79).
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5. lines 80:81: I think the paper needs to be written around this sentence. This is
what will make this study novel, important, and worth reading to many. Try and get to
this point sooner. It would be better to couch this paper as one that attempts to exam-
ine the stability of commonly used polar atmospheric organic markers in an oxidizing
environment.

AC: We do agree that in our paper we attempted to investigate the stability of commonly
identified polar organic compounds in laboratory oxidizing environment. However, we
also wanted to analyze and discuss the difference in EFs of these compounds between
different fuels as total (gas + particulate phases) and as well as individual gas and
particulate phases.

6. lines 81-93: Describe the advantages and disadvantages of each of these studies,
how these pertain and give rise to the current study. Describe more than what these
studies did, i.e, mention why these studies are important and are worthy of further
discussion. Otherwise, there is not much value here.

AC: This is a great suggestion. We added both advantages and disadvantages of the
studies to the manuscript (Pages 4-5, lines 101-113).

7. lines 95-96: All peats except Eucalyptus? Why not just focus on peats?

AC: We understand the reviewer’s recommendation to focus on peat fuels only. How-
ever, Eucalyptus fuel is ubiquitous and has a large contribution to recent Australian
wildfire emissions. Therefore, presenting our results for eucalyptus emissions is timely
and we prefer to keep them in our manuscript with respect to global emission perspec-
tives. The importance of eucalyptus is now highlighted in section 2.1 (Page 7, lines
167 -171)

8. lines 97-98: Describe why the focus here was isolated to polar compounds. It may
have been more interesting to focus on the most reactive compounds in the aerosol
mixture instead of presenting the study as an exercise in chemical accounting.
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AC: We understand the reviewer point. 84 polar compounds were selected and an-
alyzed based on our established “polar compound” method, since there are no data
how these compounds behave during OFR-aging in the complex mixture of real BB
emissions.

9. lines 135-140: At what depth were the tropical and Russian peats extracted?

AC: The peat soils were extracted from the top 15cm of the soil profile, in accordance
with convention and also to represent the depths at which soil combustion is most likely
to occur. More details were added to the Experimental section (Page 7, lines 163-165)

10. lines 176-179: Briefly mention the mass of fuel used per test and how the fuels
were configured for burning.

AC: Masses of all fuels were added to the Experimental section and the description of
fuels’ configuration during burning experiments was also added (Page 7, lines 179-180)

11. lines 203-207: Figure 1 does not indicate which on-line instruments were used.
These instruments should be described. Please explain how they were used. If they
aren’t being used as part of this study please explain why. There is no modified com-
bustion efficiency evidence showing the levels of smoldering or flaming combustion for
each fuel type. Perhaps that can be included here.

AC: The following on-line instruments were used during our combustion experiments:
Scanning Mobility Particle Sizer (SMPS), Photo Acoustic Soot Spectrometer (PASS-
3), CO and CO2 analyzer. More detailed description of the instrumental set-up can
be found in our previous publication (Bhattarai et al., 2018). PASS and SMPS results
will be used in our following manuscript, which will focus on optical properties of BB
emissions. During this campaign, the CO2 analyzer malfunctioned and thus we were
unable to use/present the continuous CO2 data and hence the modified combustion
efficiency.

12. lines 229-231 and lines 251-258: It is mentioned that a 13C radio-labeled levoglu-
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cosan sample was added as internal standard. Wouldn’t the 13C isotope elute at the
same time as the unlabeled compound? How was that accounted for in this study. The
radio isotopes are typically applied for GC-MS. How did things work with the IC-PAD
method knowing that the PAD is a non-specific detector and that the radio isotope may
interfere?

AC: Thank you for catching this error. Levoglucosan-d7 was used as an internal stan-
dard for the quantitative analysis of levoglucosan with GC/MS. For the IC-PAD analysis
of levoglucosan (see comment #17) the filters were not spiked with any internal stan-
dards. This error was corrected (Page 8, lines 194-195).

13. lines 236-237: What is the value of reporting these separately considering that
the equilibrium partitioning changes and was specific to the sampling conditions used
for this particular study? Please discuss briefly. Also, was any thermodynamics-based
check performed on how well the equilibrium partitioning was measured here? Such
a relatively straightforward check on select compounds can verify that the sampling
worked as planned.

AC: This is definitely an interesting scientific question. We agree that the equilibrium
partitioning can change under different sampling conditions. However, a compound’s
phase also affects its reaction rates. Thus, we believe it is important to report gas and
particle concentrations as they were observed during the experiments. We did check
whether the observed partitioning is thermodynamically reasonable – it is for most
compounds, at least qualitatively. A quantitative assement, however, is complicated
for the heavy and light compounds due to the very low concentrations in one of the
phases. We are working on resolving these issues, but the complexity of this process
is well beyond the scope of this manuscript.

14. lines 275-280: [MAJOR] Please clarify how the SDs were calculated. It’s unclear
where the standard deviations (SDs) came from and the reader should know exactly
what and how many experiments were used to report SD values. The suggestion that
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the SDs came from another study and therefore can be applied here is questionable
analytical-chemical practice. SDs should be experiment-specific, not just assumed
and carried-over from study to study. At the very least, multiple injections of the same
extract should be performed. What is meant by ’similar’ fuels? This comment applies
to all of the experimental data being reported.

AC: In the section 2.5 we added a description how the SDs were calculated for the
present data set (Page 11, lines 280 – 293). In our analytical method we have repli-
cates for few samples with multiple injections that we have used for calculating analyti-
cal uncertainties. However, burn-to-burn variability during the combustion experiments
governs the overall uncertainties and hence we have included that variability calculated
from the data collected in our previous combustion campaigns. It is worth mention-
ing that analytical uncertainties are also discussed along with burn-to-burn variability.
The uncertainties for the peat combustion experiments were computed based on the
results for Alaskan peat emissions (triplicate burns), while the uncertainties for eu-
calyptus were calculated using our previous Cheatgrass results (triplicate burns). The
expression “Similar fuels” refers to similar combustion conditions (smoldering type peat
combustion vs. flaming type eucalyptus combustion) (Page 13, line 320)

15. lines 282-328: This information about methoxy-phenol emissions from biomass
burning is already available ‘ad naseum’ in the literature and can be further consoli-
dated. Instead of focusing on what we already know, examine how the peat emissions
are different (if they indeed are) and how these differences may be important to the
atmospheric processing and oxidation. Knowing more about the extent of smoldering
and flaming combustion can help properly develop this discussion.

AC: We have this discussion (differences in EFs between fuels) in our manuscript and
we also compared our EFs with EFs from other studies. (Section 3.1.1).

16. lines 381-508: [MAJOR] Again, virtually all of this chemical information is already
available. Much of this can be condensed into a brief paragraph or two unless there is
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something salient and different for the fuels being examined here that merits further at-
tention. Suggestions: Develop one section that discusses ’Polar organic chemistry’ of
these emissions. Move the figures of individual compound emissions into supporting
information. Develop a new emission figure that combines everything by compound
class and shows the reader some sort of chemical mass balance so they can under-
stand the aerosol fraction of interest (more like Figure 3, but include a mass balance).
Only if needed, focus on some of the unique chemical or physical state attributes of in-
dividual compounds emitted during burning of these particular fuels. In other words, if
the chemical structure or physical state of a compound is important to understanding its
oxidation then discuss these attributes and the results. This requires a reorganization
of the paper as some of these results are presented elsewhere.

AC: We really appreciate reviewer’s recommendation of creating a new section and
figures that exhibit a mass balance. We have addressed that issue in the general com-
ment section too. Here, we give an example that explains why attaining closure in mass
balance with the our results is a difficult task and beyond the scope of this manuscript.
For example, aromatic acids can be produced during oxidation of methoxyphenols (re-
ported in this study) and also from oxidation of PAHs and substituted PAHs (Wang et
al., 2007) (not reported). Similarly, monocarboxylic acids can form by fragmentation
(during oxidation) of compounds, form the same homologous series, and at the same
time they also can be derived from oxidations of alkanes and alkenes. Because of the
chemical complexity, it is very challenging to derive adequate mass balance results
based only on analyzed polar compounds without considering other species.

17. line 509: It would be interesting to learn if any of the levoglucosan was found in
the gas phase. Levoglucosan elutes from a GC column with and without derivatization.
Was there any indication of levoglucosanin the gas-phase?

AC: For the quantitative analysis of levoglucosan we selected IC-PAD analysis over
the GC-MS technique that includes BSTFA-derivatisation of this polar compound. Due
to the high levels of levoglucosan in the extracts, the MS detector was oversaturated;
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that made it impossible to perfom adequate quantitative analysis of this compound.
Therefore, further investigation of levoglucosan in the gas phase emissions was not
feasible.

18. lines 524-530: The important part of the study begins here. Figure 3 is a good
figure that captures the essence of what was tested, measured, and and accomplished.

AC: We thank the reviewer for this recognition

19. Figure 3: Again, are these error bars taken from other studies? If so, please re-
move them from the figure. One idea is to combine all of the peat samples measured
here and calculate a standard deviation and use that to report global error for experi-
mental peat burning. That can be added as a panel to one of the figures or presented
separately. AC: The uncertainties calculations are added to the text (Page 11, lines
280-293)

20. lines 605-614: The importance of associating meaningful error with concentration
data cannot be understated. For example, the error associated with levoglucosan mea-
surement using GC-MS is approximately20%. Although, the combustion test error can
bring this value closer to 30%-50%. If we knew the exact error associated with repeat-
ing these peat experiments, we’d have a better understanding of this decrease being
real or not. This may also explain why the same compound appears to be eitherformed
or degraded for some fuels (see lines 631-632 and lines 691-699 (e.g., hexanoic acid).

AC: This is an interesting point. However, we believe that this is not only due to the
error assignment. Hexanoic acid can be formed by oxidation of alkanes and decom-
position of high molecular weight mono carboxylic acids (McNeill et al., 2008) This is
why it is difficult to predict the fate of this compound by just looking at a matrix of polar
compounds. Moreover, the occurance of multiple generation of oxidations inside OFR
(Li et al., 2015) leads to further complexity and as a result the same compounds can
be either formed or degraded during oxidations of emissions from different fuels.
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21. line 696: Please describe the type of statistical tests being applied here and how
they are being applied. Please report the sample population (N). Additionally, provide
more information about how the error was calculated and applied to conduct the statis-
tics tests.

AC: We have described earlier how we calculated SD at the end of section 2.5 (Page
11, lines 280-293). In order to evaluate changes associated with oxidation experi-
ments, we need to perform “Pairwise-T-test” with fresh and aged samples. However,
in our case we have computed the uncertainties from our previous campaign with only
fresh samples, propagated that to both fresh and aged samples, and we refrained from
performing pairwise T-test for this analysis. We agree with the reviewer’s perspective
that without replicate burns, we need to be conservative while describing some change
as “statistically significant/insignificant”. We have deleted such strong words to make
the message less categorical. Changes in the main manuscript related to this comment
are highlighted (Lines 621, 681, 733, 747, 750).

22. lines 724-733: Please describe the criteria for a "top" contributing compound. Was
it concentration?

AC: The reviewer is correct, the “top” contribution compounds refer to compounds with
highest levels of concentration (EFs.). We rephrased the figure caption (Page 35, lines
762-763)

23. lines 736-737: Isn’t it also possible that the combustion was different?

AC: We agree with the reviewer and added the “nature of combustion” to the text (Page
36, line 776).
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