
Response to Reviewer #2 

 

The manuscript by Cao et al. titled, “Chemical composition, optical properties and oxidative 

potential of water- and methanol-soluble organic compounds emitted from the combustion of 

biomass materials and coal” describes the characterization of various physicochemical 

properties of aerosols emitted from biomass and coal combustion. While the work here is 

important, as it provides necessary data that is currently missing in the literature, from BrC 

light absorptivity and oxidative potential values with corresponding chemical composition 

information, there is critical information missing that hinders the ability to review this 

manuscript at this time. As such, major revisions to the manuscript need to be done before it 

can be further reviewed for publication. Also, a more in-depth discussion of the author’s 

observations is warranted to clearly highlight the novelty of this work. 

 

Re: Thanks for the constructive and valuable comments, which is of great help to improve the 

quality of the manuscript. According to your comments, we have carefully and thoughtfully 

revised the manuscript, and responded to all comments point by point, and explained how the 

reviewers' comments and suggestions are handled in the current manuscript. The main 

revisions include: 

 

(1) In the introduction, we start with the general importance of BrC and then described 

recent studies on BrC from biomass burning and coal combustion. As reviewed by previous 

studies, most of these studies only focused on the chemical compositions and optical 

properties of water-soluble BrC (i.e, HULIS) emitted from combustion process (Huo et al., 

2018; Park et al., 2016; Fan et al., 2016). It is noted that water-insoluble BrC have been 

demonstrated exhibit a higher light absorption than water-soluble BrC in atmospheric 

aerosols in many studies (Chen et al., 2016, 2017, Bai et al., 2020, Huang et al., 2020, Li et 

al., 2018). But, knowledge on the chemical and optical properties of water-insoluble BrC 

from combustion sources are still lacking. 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 

manuscript. Please refer to Lines 80-92. 

 

(2) We added some sentences to describe the recent studies on the oxidative potential of BrC 

from combustion sources and discuss the contributions and limitations of the previous 

research. It is obvious that knowledge on the OP of water-insoluble BB BrC and BrC fraction 

emitted from other combustion processes such as coal combustion are still lacking. In 

addition, the key components or functional groups that responsible for the ROS generation 

capacity of BrC are also unclear. Please refer to Lines 98-115. 

 

(3) We also carefully revised the section of results and discussion to deeply analyze the data 

and highlight the novelty of this work (Please refer to Lines 286-292; 314-317; 386-396; 

464-470; 560-575; 579-594 and section 3.6). Moreover, we have added a section to discuss 

the relationship between the DTT activities and their chemical and optical properties (e.g., 

fluorophores, proton functional groups) of BrC from combustion sources (see section 3.6). 

The results indicated that humic-like fluorophore (C4) mainly comprised with chemical 

species with a conjugated system and highly oxygenated species (e.g., 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 (Section 3.6). 
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Specific Comment: 

One of the major conclusions are: the DTT assay work is that the ROS activity is “weaker” 

compared to previous studies, likely due differences in chemical composition. This point 

should be further supported by comparing the chemical composition observation from this 

current study and other cited studies of ambient aerosol. This adds to the novelty of this 

study.   

 

Re: Thanks for this comment. In this study, the DTTm value of WSOC ranged from 0.5 

pmol/min/μg (B-3) to 7.4 pmol/min/μg (CS), with a mean of 3.8 pmol/min/μg. These DTTm 

values were lower than those in ambient aerosols in 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 ambient 

aerosols, which was likely due to the differences in the chemical composition 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).  

 

In the revised manuscript, we have conducted PCA and Pearson correlation coefficient 

analysis to explore how the chemical characteristic to explain the differences of DTT 

activities of brown carbon emitted from combustion sources (see section 3.6). The results 

indicated that the humic-like fluorophore (C4) component 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. These results also explained that the water-soluble BrC fractions in 

BB and CC smoke showed relatively lower DTTm values than those in ambient aerosols, in 

which distinctly higher contents of fluorophore C4 were observed in the water-soluble 

fraction (Matos et al., 2015; Chen et al., 2016). The detailed revisions please refer to Lines 

617-663. 
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Detailed information about the methodology re: the TOC content analysis was supposed to be 

in the supplementary, but in the supplementary file, this “detailed measurement method is 

provided in the SI file” (line 133-134 of SI). This information needs to be presented, as some 

of the results presented are mass-normalized. However, it is unclear if “μg” is referring to the 

mass of carbon, or the mass of the WSOC, or the mass of the PM (e.g., the conversion of the 

mass of OC to organic PM concentration uses a conversion factor (Turpin and Lim, Aerosol 

Science and Technology, 2001, 35(1) 602-610). This lack of information makes it difficult to 

assess if the direct comparison of mass-normalized results as reported in the current 

manuscript (e.g., Figure 6) is applicable. 

 

Re: Thanks. We are sorry for the mistake that “detailed measurement method is provided in 

the SI file”. We have added the detailed information of TOC measurement method in revised 

supporting information file. The TOC content of WSOC and HULIS was determined by a 

high-temperature catalytic oxidation instrument (VCPH analyzer, Shimadzu, Kyoto, Japan) 

following the non-purgeable OC protocol. After the removal of inorganic carbon, the sample 

was oxidized at high temperature (680 C) and the peak area of CO2 was determined by a 

non-dispersive infrared detector. Please refer to Lines 136-138 in SI file. 

 

In the original manuscript, the ‘μg’ is referring to the mass of carbon for the OC, EC, WSOC, 

HULIS, and MSOC and the mass of PM for smoke PM2.5, respectively. We are sorry for this 

misleading weight unit “μg” used in the original manuscript. In order to avoid these 

misunderstood. We have revised “μg” to “μgC” when it referring to the mass of carbon for 

the OC, EC, WSOC, HULIS-C, and MSOC in the present manuscript. Please refer to Lines 

142-143 in SI file. 

 



L184: For the 1H NMR work: What does it mean that the BrC fractions (e.g., dissolved in 

water, recovered from the SPE cartridges with solvent, and methanol extracted) were 

dissolved in D2O? Effectively, this was a liquid-liquid extraction? I am not sure if the all the 

MSOC components dissolved in the D2O (and which from my understanding is the portion of 

the sample that leads to the 1H NMR signal), and as such, I am uncertain if the authors can 

equate the proton-NMR data are measurements of BrC in the MSOC BrC fraction. Why not 

use deuterated methanol instead? 

 

Re: Thanks for the comments. We have double checked the experimental records and 

confirmed that we made a mistake. In fact, the water-soluble BrC fractions (WSOC and 

HULIS) were redissolved by D2O, but MSOC were redissolved in deuterium methanol. We 

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

 

L224: How is HULIS a hydrophobic fraction of water-soluble organic carbon? Perhaps you 

mean it is less polar components of the WSOC? 

 

Re: Thanks. We agreed with your comments that it is less polar components of the WSOC. In 

this study, the HULIS fraction was isolated with a HLB SPE cartridge. The lower molecular 

weight and high polar organic species and inorganic salt ions or metal ions was removed by 

the cartridge, whereas the higher molecular weight and less polar components was retained. 

Finally, the retained HULIS were eluted with methanol. According to previous studies, these 

less polar components (i.e., HULIS) of the WSOC were also refer to the relatively 

hydrophobic fraction of water-soluble organic carbon (Verma et al., 2012, Zheng et al., 2013, 

Katsumi et al., 2018). Therefore, HULIS was also described as a hydrophobic fraction of 

water-soluble organic carbon in this study. We have added some descriptions in the present 

manuscript. Please refer to Lines 120-122 in SI file. 
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L125: It is not clear as to how these blank filters can be used to correct the mass of smoke, 

optical signal, and DTT consumption by BrC. Were these blank filters placed into the filter 

collection system behind the first filter that contains most of the aerosol (e.g., this is typically 

done for quartz filter for breakthrough, such as correction for semi-volatile organic carbon). 

 

Re: Thanks for this comment. In this study, the field blank filters were collected followed the 

method for sampling smoke PM2.5 samples, but without ignited fuel samples. The field blank 

filters were treated as the method for smoke samples. The average values of WSOC, HULIS 

and MSOC were 1.8±0.2 μgC/cm2, 0.7±0.1 μgC/cm2 and 5.3±0.9 μgC/cm2, respectively. 

They were much less than the values of that in smoke particle. 

 

In this study, all the results were blank-corrected by subtracting an average field blank value 

for each sample. The data were present as a mean ± standard deviation based on triplicate 

analysis of filter sample for each combustion experiment. We have added the detailed 

information in the supporting information (Section S6). Please refer to Lines 165-180 in SI 

file. 

 

 

 



Minor comments:  

L218: It is not clear which parameter was used to infer “average contribution of WSOC to 

wood smoke PM2.5” from Table 1 (is it WSOC-C/PM)? 

 

Re: Yes, “WSOC-C/PM” was used to infer “average contribution of WSOC to wood smoke 

PM2.5” in the original manuscript. In order to avoid the misunderstood for the concepts of 

WSOC and WSOC-C, we have revised “water-soluble organic compounds (WSOC)” to 

“water-soluble organic carbon (WSOC)”, “methanol-soluble organic compounds (MSOC)” to 

“methanol-soluble organic carbon (MSOC)” in the present manuscript. The weight unit was 

revised to “gC” for carbon fractions (i.e., the OC, EC, WSOC, HULIS, and MSOC) and “g” 

for PM2.5, respectively. In addition, for the HULIS contribution, HULIS/PM2.5 was corrected 

to HULIS-C/PM2.5 in the present manuscript. The detailed revisions please refer to Lines 

22-24, 68-70. 

 

Figure 5: I recommend the authors abbreviate “typical biomass burning” as something else 

other than “WS” as it is confusing when “WS” is commonly used to refer to water-soluble. 

 

Re: Thanks. We have used BB and CC to represent typical biomass burning and coal 

combustion, respectively, in Figure 5. Please refer to the revised Figure 5. 

 

It is also useful to provide the DTT values that are normalized by volume of air, these values 

would be useful for the calculation of exposure. Can the authors provide these analogous 

values in the supplementary? 

 

Re: Thanks. We agreed with your comments that the DTT values that are normalized by 

volume of air (DTTv) would be useful for the calculation of exposure. However, due to the 

inherent weakness of the combustion and sampling system in the laboratory, the DTTv values 

were not provided in the current manuscript. The main reasons are: (1) The combustion 

experiment was carried out in a relatively small combustion and sampling system, and the 

concentration of smoke PM2.5 greatly higher than PM2.5 aerosols in atmosphere despite it has 



been diluted. (2) The DTTv values of smoke samples were mainly controlled by the dilution 

ratio and sampling time in this study, which is greatly differ from the actual exposure risk in 

atmosphere. Therefore, the DTTm values that are normalized by the mass of PM were 

provided in this study. 

 

The volumes and concentrations of reagents used in the current study are not as described by 

most of the papers cited by Bates et al., 2019 and Verma et al., 2012. The general approach is 

certainly identical, but the specific details are not. I highly recommend the authors to specify 

the differences, as this may be important for comparison to other literature value. 

 

Re: Thanks. The DTT method applied in this study was mainly based on the methods of Fan 

et al (2018) and Gao et al (2020), and also with minor modifications. As comparison with 

those introduced by Bates et al. (2019) and Verma et al. (2012), the DTT assay used in this 

study only enlarge the volume of reagents, and the final concentration of each reagent was 

similar to the former ones. In this study, positive control of DTT assay was conducted using 

1.4-phenanthraquinone as a standard. The resulting DTT consumption rate of control sample 

was 0.46±0.03 μM DTT/min (n=10), which was comparable to those reported in previous 

studies (Fan et al., 2018; Lin and Yu, 2019). This suggested that the OP values determined by 

the DTT assay applied in this study were reliable. Please refer to line 252-253. 
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L56: The Lin and Yu, as well as Ma et al. papers, looked at the generation of ROS by HULIS 

- these paper did not actually report whether the HULIS is also BrC (e.g., it is still not known 

if all HULIS can be considered as BrC and vice versa). On a related note, the next sentence is 

written in a manner that suggests that all HULIS is BrC. 

 

Re: Thanks. In general, HULIS is the strong light-absorbing organic fraction in WSOC, 

which have been demonstrated to be important component of BrC and were usually used as 

surrogates for water-soluble BrC in many previous studies (Li et al., 2019; Wu et al., 2018; 

Han and Kim, 2017). Therefore, the two references were used in this sentence. To avoid the 

misunderstanding, we have added a new reference. Please refer to Line 60-61 
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Technical Corrections: 

The Ma et al. reference has some typos/weird characters. 

 

Re: Thanks. We have revised that in the present manuscript. Please refer to Line 901-904. 

 

Ma, Y., Cheng, Y., Qiu, X., Cao, G., Fang, Y., Wang, J., Zhu, T., Yu, J., and Hu, D.: Sources 

and oxidative potential of water-soluble humic-like substances (HULISWS) in fine 

particulate matter (PM2.5) in Beijing, Atmospheric Chemistry and Physics, 18, 

5607-5617, 10.5194/acp-18-5607-2018, 2018. 

 

L77: I don’t understand the following sentence: “However, these studies only focused on the 

BrC fractions emitted from BB or CC, and therefore the comprehensive characterization and 

full understanding of the BrC fractions from combustion processes are still required.” Is the 

author referring to the fact that the cited studies only focused on certain fractions of BrC (e.g., 

water-soluble BrC?). 

 

Re: I am sorry for this confusing sentence. In this manuscript, we want to said that the cited 

studies only focused on water-soluble BrC from combustion sources. This question was also 

point out by the other reviewer. Based on your comments, we have made a major revision 

and the detailed information were provided as follow: 

 

“However, most of these studies only focused on the relative abundances, chemical 

composition, and optical properties of water-soluble BrC (e.g., HULIS) emitted from the 



combustion of various fuels and different combustion conditions (e.g., smoldering and 

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 ambient aerosols (Chen 

et al., 2016, 2017; Bai et al., 2020; Huang et al., 2020; Li et al., 2019). However, knowledge 

on the chemical and optical properties of water-insoluble BrC from combustion sources is 

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 the chemical and optical characteristics of the BrC fractions (including both 

water-soluble and water-insoluble BrC) from the combustion of biomass materials and coals, 

is required. We have revised that in the manuscript. Please refer to Lines 80-92. 
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L138: the Cheng et al. (2016) reference was included twice. 

 

Re: Revised. 

 

L206: It is not clear what the acronym DTPA stands for, it has not been explained prior. 

 

Re: Thanks. DTPA is the abbreviation of diethylene triamine pentaacetic acid. As an efficient 

metal ion chelating agent, which can avoid the interferences of metal ions on the oxidation 

potential of BrC fraction and had been widely used in previous studies (Lin et al., 2011, Ma 

et al., 2018). We have added the specific name of DTPA in the present manuscript. Please 

refer to Line 244. 
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