General comments

The manuscript by Cheng et al presents a detailed study in the measurement of
carbonaceous aerosols by thermal-optical method. The authors put in a great deal of
efforts in interpreting the experimental results. The analysis is generally sound and
original. I support publication after my following comments are addressed.

Major points

(1) My main suggestion for the authors to consider is that it would be very helpful for
the readers to better understand the discussion related to different scenarios by showing
some thermograms of the paired samples, treated and untreated, with high/low sulfate.
For example, it is not clear to me whether OC still presents in the extracted samples.
Relevant information are scattered throughout the paper and therefore difficult to piece

together.

Our responses: Thermograms were added as suggested. First, example thermograms

(Figure R1) were provided in the “Methods” section to illustrate the influences of
methanol extraction on OC and EC measurements.
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Figure R1. Thermograms measured using a pair of untreated and extracted HV filters.
The sample was collected during the daytime of 25 January, 2021. Temperature protocol
used was NIOSH, in which the filter was heated in a He (first to 870 <C stepwise and
then cooled down to 550 <C) and a He/O> (from 550 to 890 <T stepwise) atmosphere
sequentially. NIOSH had fixed durations for the various heating stages and thus was
preferred for the comparison of thermograms. I indicates the filter transmittance signal;
FID indicates the carbon signal, which was measured by a flame ionization detector.
The subscripts “untreated” and “extracted” distinguished the thermograms measured



before and after the extraction, while the split points of OC and EC were marked by the
arrows. This figure was presented as Figure 1 in the revised manuscript.

Second, example thermograms (Figure R2) were provided in Section 3.1 to support

our inference on the complex effects of sulfate on the measurement of ECextracted.
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Figure R2. Comparisons of (a) the evolution patterns of filter transmittance signal (1)
and (b) the fractions of char-OC (i.e., Fchar-oc) in He/O2 carbon for two extracted HV
samples with relatively high and low sulfate loadings (namely Sample-A and Sample-
B, respectively). The two samples were collected during the daytime of 25 January and
the nighttime of 6 January, 2021, respectively. They had sulfate loadings of 13.21 and
3.29 pg/cm?, and organic carbon loadings of 3.10 and 0.86 pgC/cm?, respectively. The
temperature protocol used was IMPROVE-A, in which the filter was first heated to
580 <C in a He atmosphere and then to 840 <T in a He/O2 atmosphere. The two modes
had 4 (i.e., OC1 to OC4) and 3 (i.e., EC1 to EC3) heating stages, respectively. He/O>
carbon indicated the amount of carbon evolving during the oxidizing mode, and was
typically comprised of char-OC and EC for IMPROVE-A. This figure was presented as
Figure 4 in the revised manuscript.

The related discussions were expanded accordingly: “The influence was inferred
to be dominated by backward scattering with relatively high sulfate loadings (e.g., for
the targeted group), whereas by forward scattering when sulfate was less abundant (e.qg.,
for the reference group). This inference was supported by the comparison of evolution
patterns of filter transmittance signal under different sulfate loadings (Figure 4). For
the extracted filter with abundant sulfate (i.e., Sample-A in Figure 4), the transmittance
signal was largely unchanged during the He mode despite the sufficient organic carbon

loading. Correspondingly, the operationally-defined char-OC only accounted for a



relatively small fraction of the carbon evolving during the He/O2> mode (i.e., He/O>
carbon). A possible explanation was that as the sample was heated, the drop of |
induced by char-OC was compensated by the increase of | due to the reduction in
sulfate-driven backward scattering. For the extracted filter with relatively small amount
of sulfate (i.e., Sample-B in Figure 4), however, the transmittance signal decreased
significantly during the He mode, and the char-OC contribution to He/O2 carbon
became more considerable correspondingly. Given the much lower organic carbon
loading for this sample (e.g., ~70% lower than Sample-A), the decrease of | was likely
contributed by not only the formation of char-OC but also the reduction in sulfate-
driven forward scattering. The ECextracted results appeared to be biased by different
artifacts in the high- and low-sulfate cases, resulting in overestimations or
underestimations of elemental carbon mass, respectively”.

(2) It would also be nice to include some discussion in the conclusion on how various

results from this study can better inform the decision-making regarding haze pollution
control strategy in the Northeastern China.

Our responses: Related discussions were added as suggested: “By evaluating the

observational results from different measurement approaches for species commonly
used in source apportionment, this study contributed to the understanding of aerosol
sources in Northeast China and thus the development of efficient haze pollution control
strategies. Using the recommended OC and EC results together with levoglucosan
(rather than K¥) as the biomass burning tracer, positive matrix factorization (PMF)
analysis was performed for the 2020-2021 heating season based on a total of ~200 LV
samples (including those involved in this study; Cheng et al., 2024). The concentrations
of primary OC resolved were found to be in reasonable agreement with those predicted
by an air quality model, when agricultural fires were absent. The consistency laid the
foundation for the control policy focusing on primary aerosols. Cheng et al. (2024) also
found that the model failed to reproduce the observed SOA levels, with large
underestimations (by ~80%). Thus the observation-based source apportionment results
were currently irreplaceable for evaluating the benefits of reducing SOA precursors. In
summary, this study highlighted the importance of inter-method comparison for aerosol
components (e.g., EC and K™) that are of broad interest in field observations. Such
efforts are expected to be more urgently needed for Northeast China, since this distinct
region was recently targeted by the latest national-level pollution control policy in
China (State Council, 2021) and thus is facing stronger demand for reducing PM25”.



Specific points

(1) Line 24: it’s not clear what the authors mean by “not directly comparable”; suggest
brief clarification here.

Our_responses: As suggested by Referee #1, this sentence was re-written as: “We

suggested that K* and light absorption coefficients of brown carbon should be
compared or integrated with caution across studies using different PM2.s samplers”.

(2) Line 47: giving rise to -> producing

Our responses: The change was made as suggested.

(3) Line 61: suggest to elaborate on the different techniques for EC measurements

Our responses: The EC measurement techniques were clarified as suggested: “since

different analytical methods (i.e., NIOSH vs. IMPROVE-A temperature protocols) for
EC were deployed”.

(4) Line 70: [EC] survives to -> I think you are trying to say that EC “evolves from the
filter at [a higher temperature than OC]?

Our responses: This sentence was changed to “EC evolves form the filter at higher

temperatures than OC” to make it easier to follow.
(5) Line 113: 00:00-00:00 sampling for low volume filters?

Our responses: The sampling time was clarified for the LV sampler: “the LV one was

operated on a daily basis (~09:00—09:00 of the next day), leading to 24-h integrated

samples”.

(6) Line 116: do you mean the high particle loading would saturate the detection of
OC/EC analyzer? What is the upper detection limit of the analyzer?

Our _responses: This sentence was re-written as “One reason for the relatively short

sampling durations of HV was to avoid high particle loadings that could prohibit proper
filter transmittance measurement” to make it more clear. The nominal upper detection
limit was 750 pgC/cm?. In reality, however, the filter transmittance detector could be
saturated at substantially lower carbon loadings, since the filter transmittance signal

was also influenced by the inorganic scattering components such as sulfate and nitrate.

(7) Figure 1. How is TC for the methanol extracted samples in Figure 1 calculated?



Also are the scatters in the lower end of TC mostly from the extracted samples? What
is the uncertainty introduced by extraction?

Our responses: For the extracted samples, TC was determined as the amount of carbon

remained on the filter after extraction. In addition, the scatters in the lower end of TC
indeed corresponded to the extracted samples, and the extraction-induced uncertainties
were clearly stated in the revised manuscript: “It should be noted that for the parallel
TC and ATN measurements by different protocols, the relative standard deviation (RSD)
levels indeed increased after the extraction, e.g., from ~2 to 5% and from ~2 to 4% for
the HV samples, respectively. However, the RSD levels, i.e., the uncertainties, were
considered low enough for both the untreated and extracted filters”.

(8) Figure 2. Blue circles in 2a are not properly labeled.

Our responses: The description of blue circles was added in the figure caption.

(9) Line 215-217: Have you done any experiment with water-extraction, since sulfate
should be soluble in water and removed from the filters?

Our_responses: Water-extraction was not performed here. The effects of step-wise

extraction (methanol followed by water) on EC measurement will be investigated in
our future studies.

(10) Line 414: more or less distributed on -> associated with

Our responses: The change was made as suggested.




