Reviewer 1

Evans et al. show the effects of flaming and smoldering biomass combustion on the emission chemical
composition. Moreover, they also show differences after aging. Owverall, the study is well-designed, and
the paper is well-organized. The findings will benefit the community by helping them understand the
effects of biomass-burning aerosols on climate. I have a few minor comments that I hope the author
can consider.

We thank the reviewer for taking the time to read our manuscript and providing insightful comments
and suggestions. We hope the following explanations and clarifications are satisfactory in addressing
the reviewers comments.

1.1 It seems like the experiments have CO and CO2 measurements. If this is true, it will be better
to quantify the combustion condition based on modified combustion efficiency (MCE), and I am
interested to see the correlation between chemical composition and MCE.

The authors appreciate the reviewers suggestion and agree that MCE is widely used to
distinguish flaming and smouldering therefore these values are now included in Table 1
instead of CO:COs. As the range of MCE studied is limited we did not correlate compo-
sition and MCE in our original manuscript. The identified intermediary burn also had a
very similar MCE to the flaming experiments (0.95). Therefore, to do a correlation the au-
thors would require more repeats across the full MCE range which was not possible in this
campaign. Due to not measuring at the stove flue we cannot provide MCE measurements
for the fresh flue filters.

Table 1: List of the OA samples used in this study and the initial conditions at the start of the aging
period

Experiment e Sample Aging period PM . *
Conditions concentration NO:NOs OC:BC MCE
date ID / hrs 3
/ pg m
21/04/2022 Flaming FL_AGED_1 5:50 243.6 1.94 0.32 0.96
light aged
26/04/2022  mouldering gy \app 6:05 213.6 1.81 406.3 0.78
light aged
28/04/2022 Flaming FL_AGED_2 6:05 153.4 3.74 0.21 0.93
light aged
Flaming
30/08/2022 frosh flue FL_FRESH - - - - -
Flaming
31/08/2022 frosh flue SM_FRESH - - - - -

*total organic content measured by AMS

1.2 For section 2.1.3, is there any reason why you don’t use water:MeOh solution to extract the fil-
ter? If your samples were initially extracted by methanol, how would that affect water-soluble but
methanol-insoluble species? And could you provide an estimation of how much organic will be
lost during the process?

The primary reason for not using water to extract the filter is the potential production of
OH radicals through the sonication step when using water ([1, 2]). Secondly, many stud-
ies have observed that the use of methanol increases the extraction efficiency for OC with
studies reporting more than 90% extraction efficiency of OC from biomass burning PMs 5
samples ([3, 4]). Therefore, we anticipate minimal loss of organic carbon in our extraction
method. In addition, methanol extracts were found to be more light absorbing in previous
studies due to the increased extraction of BrC components, which may otherwise be insol-
uble in water ([5-8]). Given biomass burning is a large source of BrC the use of methanol
solvent is favourable in this respect.

1.3 For Figure 1, I suggest adding a legend of markers as you did for other figures.

The authors appreciate this feedback and will add this to the manuscript. We have also
added observations from aircraft campaigns and long term measurement sites.
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1.4 I think eq. 5-7 are duplicates of equ. 2-4.

The authors clarify that the equations are not duplicates as for the aromaticity index cal-
culation of CHON species we first subtract NOg for the nitro group from the formula and

hence the O-2 and N-1 in Eq 5-7. However we will make this clearer by using alternate

terminology in the equations.
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Reviewer 2

Evans et al. investigated the effects of photochemical aging on biomass-burning organic aerosol (BBOA)
under smouldering and flaming conditions. A new semi-quantitative UPLC-ESIMS workflow was used
for the chemical characterisation of the fresh and aged samples. Querall, the study fits into the scope

of Atmospheric Chemistry and Physics. However, some critical information is missing in the experi-
mental designs and discussion, potentially lowering the scientific quality of the work. The manuscript
requires major revision before it can be considered for publication.

We thank the reviewer for reading our manuscript and providing some useful comments and sugges-
tions. We have considered all the points made by the reviewer and we hope the following explanations
are satisfactory in addressing the reviewer’s comments.

Major comments

2.1 Definition of atmospheric ageing: Please define “atmospheric ageing” in terms of oxidant expo-
sure in the study. Please specify how OH radical was generated and how OH concentration was
estimated in the chamber. What is the range of OH exposures or oxidant concentrations in the
experiments?

In our paper we define atmospheric aging as the combination of oxidation and dilution
and evaporative processes as would occur in the real atmosphere to stove flue emissions.
The authors will add further clarification of this into the manuscript in the experimental
description. The chamber Xenon arc lamp and halogen lamp system in the Manchester
Aerosol Chamber mimics atmospheric solar wavelengths enabling the photolysis of NOs to
produce Os. Og is then subsequently photolysed under these conditions to produce OH [9-
11]. Heterogeneous wall chemistry will also produce HONO, which will photolyse to give
OH and NO. The OH concentration inside the MAC has been reported previously as ca.
1x10° [9, 12] at similar NO concentrations to these experiments.

“Fach aging experiment, where aging is defined as being both photo-oxidative and dilu-
tion processes as would occur in the atmosphere upon emission from stoves, was repeated
once.”

2.2 Line 139 to 141: How were the “flaming dominated” and “smouldering dominated” phases dis-
tinguished? Please specify what parameters you use. For example, modified combustion efficiency
is a commonly used variable to differentiate flaming and smouldering. If possible, please include
modified combustion efficiency in Table 1.

During the experiments the burn phase was determined by controlling the oxygen content
of the stove as described on line 146 to 148 and then using an expert visual assessment on
the presence or lack of flame. However, MCE is a more robust metric and the MCE values
now provided in Table 1 are in range for what is expected from smouldering and flaming
phases.

Table 1: List of the OA samples used in this study and the initial conditions at the start of the aging
period

Experiment e Sample Aging period PM . *
Conditions concentration NO:NO2 OC:BC MCE
date ID / hrs -3
/ pgm
21/04/2022 Flaming FL_AGED_1 5:50 243.6 1.94 0.32 0.96
light aged
26/04/2022  Swouldering gy AqpD 6:05 213.6 1.81 406.3 0.78
light aged
28/04/2022 Flaming FL_AGED_2 6:05 153.4 3.74 0.21 0.93
light aged
Flaming
30/08/2022 fresh flue FL_FRESH - - - - -
Flaming
31/08/2022 fresh flue SM_FRESH - - - - -

*total organic content measured by AMS
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2.3 Lines 148 to 144: In the fresh experiments, the POA filter samples were directly taken from the
wood burner flue without dilution. However, in the aged experiments, the POA sample was di-
luted after entering the chamber, potentially altering its chemical composition. Compounds with
high volatilities will likely partition into the gas phase after dilution. Therefore, in terms of com-
position, the POA samples collected in fresh experiments were very likely to differ from those in
aged experiments. In my opinion, a proper way to obtain a POA sample would be to sample the
chamber before the lights are on. Also, the fresh (flue) and aged samples were obtained from ex-
periments conducted over two different days. The manuscript does not provide evidence or data
showing that the compositions of fresh emissions and/or combustion efficiencies were comparable
over the two days (i.e., fresh vs. aged conditions). Therefore, it is unreasonable to compare the
aging products observed by the ESI-Orbitrap-MS with the undiluted fresh emission samples. For
example, in sections 3.2 and 3.3, the observed decreases in chemical compound concentrations in
aged samples can be attributed to both the evaporation of initial POA materials after entering the
chamber and the oxidation of POA after turning on the UV lights.

The authors clarify that they observed good repeatability of the composition between ex-
periments as shown in Figure 2 of our manuscript for the flaming experiment repeats. As
stated in our comments above we define atmospheric aging as all oxidative, evaporative
and dilution processes as would occur in the real atmosphere after a plume from the wood
burning stove flue is emitted to the atmosphere. In our manuscript on line 253-255 we al-
ready mention that the aging processes in these experiments can also include evaporation
from POA. Furthermore, given that the PM concentration in the chamber was 200 pg m™
or less at the start of the experiment, it was not possible to collect a filter with sufficient
mass from the chamber before turning on the lights for the Orbitrap analysis.

Minor comments

2.4 Line 35 to 87: Is there any more up-to-date information on the solid fuel percentage of POA
in London? The information was more than ten years ago, and wood-burning activities in 2020
were compared with information from 2010.

Unfortunately there are limited studies on the contribution of wood burning activities

in the UK to POA. The only other similar study found by the authors was conducted in
Dublin, Ireland during 2016 which observed solid fuel combustion activity contributed to
48-50% of OA [13]. We can however provide the reviewer with the most recent study of
the contribution of wood burning to total PM rather than POA, which reports the contri-
bution of wood burning in London during 2022 was 7-9% and 4-6% to PMs. 5 and PMjg
respectively [14]. In 2022 The Department for Food, Environment and Rural Affairs also
reported domestic burning as the largest source (29%) of PMjy 5 in the UK [15]. This has
been added to the text.

“In the UK, approximately 8 % of the population burn wood indoors (Department for En-
vironment, Food and Rural Affairs, 2020 [16]) and in London solid fuel emissions com-
prised approximately 7-9% of PMs 5 emissions during 2022 (Casey et al., 2023 [14]) and
26% of total primary OA (POA) during cold weather conditions consistent with domestic
heating activity (Allan et al., 2010 [17]).”

2.5 Lines 105 — 107: The sentence “This semi-quantitative methodology had. .. in this study” should
be mowved into either the method or discussion part.

We will move this into the experimental section as suggested.

2.6 Table 1. What were the temperatures and relative humidities inside the chamber for each exper-
iment? How did the author control the temperature and relative humidities and ensure they are
similar among different experiments?

The relative humidity was controlled between 50-60% and the temperature around 25° C.
Temperature is controlled by an air conditioning system inside the chamber housing and
relative humidity is controlled by an in-house built programmable logic controller (PLC)
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board. The PLC board controls the valve system of the MAC for procedures such as hu-
midification and fill/flush cycles etc. For further details on the Manchester Aerosol Cham-
ber we recommend consulting the following papers [9, 10, 18]. We have added this infor-
mation to the experiment section.

“The relative humidity throughout the experiment was controlled between 50-60 % and
the temperature inside the chamber was kept around 25 °C”

2.7 Line 157 to 158: What is the pore size of the filter? Will a flow rate of 8 m3 min-1 cause filter

2.8

2.9

2.10

2.11

2.12

breakthroughs or reduce the collection efficiency of the OA sample?

The pore size is 2.2 pym. Many campaigns have been conducted at the Manchester Aerosol
Chamber collecting SOA on Whatman 47mm Quartz QMA filters using the same collec-
tion method as this study with none of the above reported issues to our knowledge.

Line 157 to 158: How long was the transportation process? How did the author ensure that fil-
ters were not contaminated during transportation? Please specify whether blanks were prepared to
correct for the potential contamination of the samples.

The filters were transported between the University of Manchester and the University of
York which can be commuted between in a matter of hours. Filters were instantly stored
in a foil pocket in a freezer at Manchester after collection, all handling of filters and pock-
ets used gloves and clean utensils to reduce handling contamination. For transportation
the filter pockets were placed within a ziplock plastic bag in a plastic container contain-
ing ice-packs to keep the filters at a cool temperature whilst out of the freezer. The con-
tainer was then kept in an insulated bag or box whilst being transported. Blank filters of
the chamber taken at the same time as the experiments and stored in the same conditions
were subtracted from the biomass burning samples as explained on line 214-215.

Line 165: How was the OC measured here? Does that refer to the total organic content measured
by the AMS? If so, please correct the terminology (non-refractory organic) here and elsewhere to
avoid misunderstanding.

This is measured as the organic fraction from the AMS, the authors will correct the termi-
nology in the text.

Line 210: Please provide proper citations when using third-party software.

Thank you for suggesting this we will add a reference [19, 20]

“In brief this method uses a non-target workflow developed in MZmine 2.53 and MZmine
3.9.0 software to detect features (Pluskal et al., 2010 [19]; Schmid et al., 2023 [20])”

Line 214: Apart from elemental ratios, does the author have constraints on double bond equiva-
lents? If so, please specify it here as well.

Yes the default ring double bond equivalents in the MZmine formula prediction were ap-
plied which allows only positive and integer DBE values up to 40. However given our el-
emental criteria it is unlikely to reach such values. Furthermore, our analytical workflows
are given in our methodology paper [21].

Lines 244- 252: The effort of comparing findings between studies is appreciated. To strengthen
the discussion, I recommend including literature data in Figure 1 for comparison.

The authors will update Figure 1 to the following plot
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2.13 Lines 258-259: It is unclear why the conversion of NO to NO2 can indicate the oxidation of
VOCs here. More background information needs to be provided for clarification.

The authors do not believe further clarification is required in the manuscript but we have
provided an explanation for the reviewer. As a VOC is oxidised by an OH radical to pro-
duce peroxy radicals (RO2), NO is converted to NOy through the reactions of NO with
RO5. This then produces an alkoxy radical (RO) which can go on to form oxidation prod-
ucts, including HO2, which also converts NO to NOy forming OH. This then propagates
the HO,, ROy radical oxidation cycle. As shown in Figure A2a of the manuscript NO

is being converted to NOy via VOC oxidation through the above cycle. Eventually this
reaches a steady state hence NO:NOy = 1 in Figure A2b from the manuscript as NOs is
photolysed to produce NO and Os.

2.14 Line 266 to 267: What observations in Figure 1 showed that the OA contains POA, oPOA and
SOA? How can the author differentiate the above three species using AMS data? Was positive
matriz factorisation used for separation? Please clarify.

We did not use a positive matrix factorisation for this separation. We observe the con-
version of NO to NOy from VOC oxidation resulting in the formation of secondary gas
and aerosol phase products. However, there will also be POA oxidation occurring at the
same time as gas phase oxidation. Budisulistiorini et al., 2021 [22] show that the fractional
amounts of m/z 44 and m/z 60 are indistinguishable between 0POA and SOA. Therefore,
we assume oxidative photochemistry is occurring forming both oPOA and SOA, but we
will add this reference to support this assumption to readers. It is also likely that there
may be some unoxidised organic material left over after oxidation hence the inclusion of
POA. From sections 3.2.1, in our analysis we see the retention of species observed in the
POA in the aged samples (line 335-337) which supports our earlier assumption.

“Overall these results indicate the oxidation of POA from fresh domestic BB emissions to
form oxidised POA (oPOA) and SOA which are indistinguishable with respect to fy4 and
fso (Budisulistiorini et al., 2021 [22]).”

2.15 Lines 283 to 284: Eq. 2 and 3 differ from the equations stated in the cited reference and its erra-
tum (Koch and Dittmar, 2006). Please check whether the current study’s calculations were based
on the correct equations. Please specify if these equations were modified based on the original
ones.

The equations refer to those in the corrected article published in 2016 [23], we will update
the referencing in the text on Line 294.

2.16 Figures 2 and 3: The colour code for different DBEs is confusing and reduces the readability of
the figure. Please consider grouping the DBEs into several categories, as the significance of re-
porting DBEs individually is unclear.
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The authors believe the colour scale in the figure is readable and sufficiently different to
clearly show the regions of lower DBE (lower C numbers) and higher DBE (high C num-
bers). However, if the editor feels it is also unclear then we can change the colour scheme.
We report individual DBEs as it allows us to see how many unsaturated functional groups
may be represent on an aromatic ring (ie. 4 for the ring + n for n substituent) and the
presence of dimers. For example in Figure 2 showing fresh emissions at Cg there is a large
contribution of DBE 5 and at Ci4 there is a contribution of DBE 10 species which could
be potential dimers of the Cg compound. Consulting the same figure we can see from fresh
emission Cg is mostly DBE 5 but upon aging this increases to DBE 6 indicating the ad-
dition of an oxidised functional group. By grouping the DBE we would not be able to see
such compositional differences and details at this granular level.

2.17 Line 338 to 339: Please confirm whether these two equations are correct. If they differ from Eq.
2 and 3, please use other terms to describe DBEAI and CAI expressed in Eq. 5 and 6.

These equations are different, please see our response to comment 1.4. We will however
change the labelling in the text to reduce any confusion.

“

O-2 H N-1
O-2
CCHON:C_T_S_(N_I) (5)
DBE
AICHON:% (6)
CHON

2.18 Most of the results in Sections 3.2 and 3.3 agree with the literature. What are the novelties of
the current study? If the results are similar, what is the advantage of using the semi-quantitative
workflow suggested by the current research to investigate photooxidation reactions?

This study is the first reported quantitative non-target analysis applied to biomass burn-
ing aerosol and the first semi-quantification to incorporate retention window scaling with
over 100 surrogate standards. Thereby this non-target analysis is the first to account for
ionisation efficiency compared to previous studies on biomass burning aerosol (eg. [24, 25])
enabling more robust estimates of species concentration and therefore the elemental com-
position. As mentioned in the manuscript (see line 67-71) there are numerous advantages
of using non-target analysis over targeted analysis for the exploration of chemical compo-
sition given the sheer complexity of the samples [21]. For example, we detected up to 2357
features in a single sample which is simply impossible to infer the composition from a tar-
geted approach with a limited number of standards (= 100). A significant novel finding

is the dominance of CHO species whereas previous studies observe high contributions of
CHON species, predominantly due to the use of peak area as a metric of abundance and
these compounds typically possess high ionisation efficiencies. We have compared our re-
sults to literature for the discussion of potential identities to the compounds detected by
our non-target workflow. Overall, we believe this work shows the wider picture of the OA
composition and the crucial role of PAHs during aging in the determination of toxicity,
neither of which have been observed in an Orbitrap study of wood burning aerosol before.

2.19 Since AMS data is available, I would appreciate it if an analysis of organic nitrates could be car-
ried out. This information will potentially help explain the changes in CHON compounds during

aging.

The authors agree with the reviewer that this analysis will be of interest however the sug-
gested work is currently being done by one of our co-authors and will be published in a
subsequent companion paper. Furthermore, our technique is highly selective towards nitro-
phenols whereas an AMS is for organic nitrates. In this work we found a relatively minor
contribution of CHON species (< 10%), likely to be nitrophenols, therefore the majority
of the analysis is centered towards CHO species. We believe the figures provided detail the
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aging of the CHON species detected by the Orbitrap analysis with Figure 4 and 5 showing
that in the flaming phase there is production of CHON species whereas for smouldering
there is an overall loss which is most evident for polyaromatic CHON species.

Technical Comments

The following technical comments have been addressed in the main text. Where further clarification
was required these are shown in blue.

1.

10.

11.
12.

15.

Legends and texts in figures in the main text and appendiz are currently too small to read. Please
increase them for readability

Label the subfigure with letters “a), b), c), etc.” so that it is clear which subfigure is referred to in
the main text.

Line 128: It should be “6 kW”.

Line 133: Harsher to what? What was compared with? Harsher to the overnight clean described
in the previous sentence.

Line 151: Please specify what had been injected in the sentence “Following injection. .. ”.

Lines 158 — 155: The sentence “The smoke was aged for approximately 6 hours. .. for offline
chemical composition analysis” is difficult to follow. Please rewrite it.

Line 167 to 168: The experiment dates shown in Table 1 are April and August. Please check if
the “September campaign” was a typo or if it refers to something else.

Line 17/: It is supposed to be “SO42-".

Line 183: Higher aerosol mass loading to what? What was compared with? This refers to the
higher mass loading of the fresh flue samples compared to those from the chamber which uses
the entire filter in the extraction.

Lines 223 — 225: Please use a table or figure to summarise the scaling factor for each window.The
scaling factors used here are instrument specific and we would recommend future users of the
method to perform their own necessary calibrations. We can however refer readers to our method-
ology paper where this information can be found.

Figure A1 a: NOS3-

Figure A1 b: Please describe what the inset plot refers to in the caption. It shows the zoomed in
BC timeseries for smouldering as indicated by the colour and marker shape

Figure 1: Please provide legends of the figure. For example, it’s unclear what the difference is be-
tween the circle and square points. Please use different marker styles or separate them into three
sub-figures. It’s hard to distinguish the three marker types in Figure 1.
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