Response to Reviewer #1

Review of ‘Chemical composition, optical properties, and oxidative potential of water and
methanol-soluble organic compounds emitted from the combustion of biomass materials and

coal’ by Cao et al.

The manuscript describes the experimental data of aerosol particles generated by laboratory
combustion of coal and biomass. The study mainly focuses on chemical characteristics of
organic aerosols. The authors separated organic aerosol to three categories (water soluble,
HULIS, and methanol soluble). The segregated samples were measured for UV-VIS, EEM,
NMR, and DTT assay. It seems to the reviewer that the measurements were carefully
conducted. Compared with the previous studies from the group, the major novelty of the
manuscript seems to be the addition of DTT assay. However, the novelty was not clear
without checking the references from the group. The importance/significance/novelty of the
DTT assay data of the study was not clearly discussed. The reason why UV-VIS, EEM, and
NMR measurements need to be concurrently conducted with the DTT assay was not shown.
As a result, the manuscript looks like a collection of data, rather than a document which
provides a coherent story. A significant improvement will be needed for the manuscript to be

accepted by the journal.

Re: We appreciated the reviewer for the valuable criticisms and comments, which are of great
help for improving the quality of the manuscript. We have revised the manuscript based on
the comments and provided a point-by-point response to all the comments and explained how
the comments and suggestions by the reviewer were addressed in the current version of the

manuscript.

The introduction starts with the general importance of brown carbon. Subsequently, the
authors describe recent studies on brown carbon from biomass burning and coal combustion,
especially those from China. However, it was not clearly discussed what the current

knowledge gap is.



Re: Thanks for your comments. In our manuscript, the introduction starts with the general
importance of brown carbon (BrC) and then described recent studies on BrC from biomass
burning and coal combustion. As reviewed by the literatures, most of these studies only
focused on the relative abundances, chemical compositions, and optical properties of
water-soluble BrC (e.g., HULIS) emitted from the combustion of various fuels (e.g., biomass
material and coal) and different combustion conditions (e.g., smoldering, flaming) (Huo et al.,
2018; Park et al., 2016; Fan et al., 2016). It is noted that water-insoluble BrC even exhibits a
higher light absorption than water-soluble BrC in atmospheric aerosols (Chen et al., 2016,
2017, Bai et al., 2020, Huang et al., 2020, Li et al., 2018). However, knowledge on the
chemical and optical properties of water-insoluble BrC from combustion sources are still
lacking. Moreover, the association of chemical compositions responsible for light absorption
of BrC from combustion sources is still constrained. Therefore, to gain more detailed
information on BrC from combustion sources, a comprehensive characterization, including
chemical, optical characteristics of the BrC fractions (include both water-soluble and
water-insoluble BrC) from the combustion of biomass materials and coals, is required. We

have revised that in the present manuscript. Please refer to Lines 80-92.
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The authors mention that ‘However, few studies have directly investigated the oxidative
potential (OP) of BrC emitted from combustion processes.’ If there are already some studies
on the topic, it would have been better to discuss the contributions/limitations of the previous

research explicitly.



Re: Thank for your comments. In recently years, several studies had been conducted to
directly or indirectly investigate the oxidative potential (OP) of BrC emitted from combustion
processes and obtained some achievements (Ma et al., 2018, Chen et al., 2019). According to
your comments, we have added some detailed information to discuss the
contributions/limitations of these previous studies in the present manuscript. Please refer to

Lines 98-115.

“As important contributors of ambient BrC, combustion-derived BrC is expected to have a
strong ROS generation capacity and be harmful to human health. Verma et al (2014)
analyzed the potential of the water-soluble fraction of atmospheric fine aerosols in the
southeastern United States to generate ROS and revealed that biomass burning dominates the
ROS-generation potential in winter, contributing more than 46% to DTT activities. In
addition, study on the oxidative potential of water-soluble HULIS in fine aerosols in Beijing
also indicated that combustion sources contributed high proportion to the oxidative stress of
water-soluble HULIS fractions (Ma et al., 2018,). However, these results were mainly
obtained based on the source apportionment receptor models (positive matrix factorization
(PMF) and chemical mass balance (CMB)). Recently, the water extracts and HULIS from
biomass burning were directly investigated and present significant oxidative potential to
generate reactive oxygen species (e.g., 6.6—10.7 pmol/min/pg for HULIS) (Fan et al., 2018).
However, the limited studies only focused on the water-soluble BrC fraction from biomass
burning; and knowledge on the oxidative potential of water-insoluble BB BrC and BrC
fractions emitted from other combustion processes such as coal combustion, is still lacking.
In addition, the DTT activities of BrC from different combustion sources were generally
different, but the key components or functional groups that responsible for the ROS

generation capacity of combustion-derived BrC are unclear.”
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Section 3 (results and discussion) describes the measurement results, and demonstrates that
the values were comparable to the previous studies. Although it is always good to see the
agreements of the present data with previous studies, the novelty/uniqueness of the present
study was unclear. In addition, the section does not discuss the data deeply, although the data

obtained by the authors were compared with that from previous studies.

Re: Thanks. In the present manuscript, we conducted a major revision to improve the results
interpretation and discussion, and clearly present the novelty of the present study (Please
refer to Lines 286-292; 314-317; 386-396; 464-470; 560-575; 579-594 and section 3.6). In
addition, this is a direct analysis of oxidative potential of BrC fractions (include water-soluble
and water-insoluble BrC) emitted from biomass burning and coal combustion, that are rarely
reported in previous studies. The DTT activities of different BrC fractions derived from the
combustion of six biomass fuels and five coals were shown and compared with those in

ambient aerosols, and the key components and functional groups contribute to the DTT



activities were discussed. More importantly, we also used the Principal component analysis
and Pearson correlation coefficient to investigate the relationship between the DTT activities
and the chemical and optical characteristics (e.g., fluorophores, proton functional groups) for
these combustion-derived BrC fractions. Our results indicated that humic-like fluorophore
component (C4) has stronger ability to produce ROS species. The detailed revision please

refer to Lines 617-663.

The manuscript contains grammatical issues. It would have been better if a native speaker of

English checked it.

Re: We have asked an English expert from the ACS Authoring Services

(http://es.acschemworx.acs.org) to edit English in our manuscript.
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Specific comments

L184 ‘Approximately 5 mg of the BrC fractions (i.e., HULIS, WSOC, and MSOC) derived
from BB and CC were dissolved in 500 puL deuterium oxide and then transferred to a 5 mm
NMR tube’

MSOC should contain some water-insoluble fraction. 1 wonder if all the components of the

sample have successfully been measured.

Re: We are so sorry for this wrong sentence. After checking the experimental records, we
confirmed that this is a clerical error. In this study, for the 'H NMR measurement,
water-soluble BrC fractions (WSOC and HULIS) were redissolved in 500 pL deuterium

oxide, but MSOC were redissolved in 500 pL deuterated methanol. Therefore, all the

components of MSOC fraction have been successfully measured in our study. Accordingly,

we have corrected that in the present manuscript. Please refer to Lines 220-222.

L529 ‘These results suggested that the primary smoke from BB and CC in this study had a
weaker ROS generation capacity than ambient aerosols, which was likely due to the
differences in the chemical composition of WSOC in BB and CC smoke particles and
ambient aerosols’

| think that it is an important point. Do the authors have any ideas/hypothesis on how the

NMR or EEM data could contribute to discussing this point?

Re: Thanks. This is good comment. In this study, The DTTn value of WSOC ranged from 0.5
pmol/min/pug (B-3) to 7.4 pmol/min/pg (CS), with a mean of 3.8+2.5 pmol/min/pg. These
DTTm values were lower than those in ambient aerosols in some regions of USA and China
(Verma et al., 2012; Chen et al., 2019; Yu et al., 2019). These results suggested that the
primary water-soluble organic fraction from BB and CC had a weaker ROS generation
capacity than that in ambient aerosols, which was likely due to the differences in the chemical
composition (e.g., functional groups) of WSOC in BB and CC smoke particles and ambient
aerosols (Lin and Yu, 2011; Dou et al., 2015; Wong et al., 2019; Lin and Yu, 2019).



We agreed with your comments that it is an important point and the data obtained by NMR or
EEM measurements could be useful to explain the DTT activities. In the revised manuscript,
we have added the PCA and Pearson correlation coefficient analysis to explore how to use
the EEM or NMR data to explain the differences of DTT activities of BrC fractions emitted
from combustion sources (see new section 3.6). The results indicated that the humic-like
fluorophore (C4) may mainly comprised with chemical species with a conjugated system and
highly oxygenated species, such as quinones or aromatic acids and may be the key
components for the enhancement of the ability of BrC to produce ROS species. The detailed

revision please refer to Lines 617-663.
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