Responses to Reviewer #2

We are grateful to the reviewer for the thoughtful comments and suggestions, which
greatly improved the quality of our manuscript. Below we make a point-by-point
response to these comments. According to editor’s requirement, the responses are
structured in the following sequence: (1) comments from the referee is in black, (2) our

responses are in blue.

Reviewer #2 (Formal Review for Author (shown to author)):

This paper identified and quantified the Molecular markers of biomass burning and
primary biological aerosols. Atmospheric concentrations, seasonal variations and size
distributions of anhydrosugars and sugar alcohols were investigated, the analysis and
interpretation of the results are overall fair. The paper presents useful information about
the organic aerosols. However, some additional information is still necessary for the

readers to better understand this work.

Comments:

1. Three anhydrosugars, six primary saccharides and four sugar alcohols should be
introduced clear in the section 1, such as the sources, property.

Response:

Thanks for the reviewer’s suggestions. Before analysis, we have gave an introduction
about all anhydrosugars, primary saccharides and sugar alcohols in Sections 3.1 and
3.2. Hence, we added the following sentences in the revised manuscript as a
supplemental description in Section 1.

“Amongst sugar alcohols, mannitol and arabitol are the primary ones” (see Page 2,
Line 20).

“Sparse data about erythritol and inositol can be found in the literature. Recently, these
two species were reported as having similar sources as other sugar alcohols, such as
arabitol and mannitol” (see Page 2, Line 23).

“On the basis of difference of burning materials (e.g. deciduous leafs, grass), BB is
classified as open-field burning in forests, savannas, croplands and residential heating

and cooking (Akagi et al., 2011; Yan et al., 2006)” (see Page 2, Line 25).



“Because levoglucosan is chemically stable in the air with no decay over 10 days”
(see Page 3, Line 1).

“The levoglucosan to mannosan (L/M) ratio varies for aerosols generated by burning
of hardwood, softwood and agricultural waste, with a ratio of 13-27, 2.5-5.8 and 25—
55.7, respectively” (see Page 3, Line 2-3).

2. In the section 2.1, a brief introduction to the surrounding environment of sampling
sites should be provided, and the details about the sampling time should be described,
including start time, end time, and duration.
Response:
We have added the following paragraph in the revised manuscript (see Page 3, Line 18).
“Institute of Atmospheric Physics (IAP), Chinese Academy of Sciences locate on the
north side of Beijing city, which is considered be a representative urban urea for a mixed
district of teaching, residential and commercial areas. Urban aerosol samples collected
here are influenced by anthropogenic (transport emissions, cooking operations etc.) and
natural sources (soil dust, plant debris, microorganisms etc.).”

The details about the sampling time (start time, end time, and duration) were

presented in Table S1.

3. There are only four cases (less than 10 days) in each season, more field measurement
estimation could decrease the influence produced by accidental elements, making the
results more convincing.

Response:

Thanks for the reviewer for pointing this deficiency. Offline experiments allow
investigators to repeat the process under controlled conditions to analyze the emission
process, influencing factors and mechanisms (Chen et al., 2012; Zhang et al., 2011).
The concentrations of organic tracers, such as compounds analyzed in our study were
measured offline using GC/MS and OC/EC were also determined offline using a
thermal/optical carbon analyzer (model RT-4, Sunset Laboratory Inc., USA). While
field measurement are preferable and realistic since the field studies can reflect the real
process at random conditions (Roden et al., 2006). It is realized that more online studies
are required in our study. During sampling, we documented basic information about
meteorological data, such as relative humidity, wind scale and so on simultaneously

(see Table S1). These field measurement do support our conclusion. For example,



information about PM2.5 and PM10 defined the weather conditions precisely; higher
relative humidity found in haze days do prefer hygroscopic growth, coagulation and/or

condensation fine particle, resulting lager GMDs in the fine mode.

4. Lots of ratios of individual anhydrosugars were showed in section 3.1.2, the result
were almost consistent with previous results, and the conclusion should be summarized
and classified, so that the author can better understand.

Response:

Thanks for the reviewer’s suggestion. We adjusted the order of the paragraphs and some
sentences in Section 3.1.2 to arrange a clear and logical order. The first three paragraphs
described the features of ratios of individual anhydrosugars and OC/EC, respectively.
A new paragraph was added (the fourth paragraph) to give some comparison with other
studies. The rest paragraphs were about ratios according to according to particle size.

The fourth paragraph is as followed:

“The L/M, L/OC and L/EC ratios calculated in this study were compared with those
reported for other Asian cities in recent studies. The L/M ratios showed different
seasonal and spatial distributions as city changed. Those reported in Nepal (16.345.96)
were much higher than our study (Wan et al., 2019). Study in Okinawa found a L/'M
ratio of 10.7+6.1 and exhibited a similar seasonal trend to our study (Zhu et al., 2015a).
Lower ratio of L/M suggested that more burning substrates were softwood in Beijing.
While in previous studies in Beijing, lower ratios L/M in winter were observed (Cheng
et al., 2013). Higher ratio of L/M in our study may ascribe to the reduced use of coal in
recent years in Northern China. Coal combustion is also a source of levoglucosan,
leading to a lower ratio of L/M (Yan et al., 2018). In comparison to annual mean L/OC
ratios in Guangzhou and Zhaoqing in the PRD region (10.8x10-3 and 27.5x10-3,
respectively) (Ho et al., 2014), the lower values of L/OC in Beijing were potentially
associated with the less extensive burning activities under the prohibition of open
agricultural residue burning. Though indicating a similar seasonal trend to Okinawa,
the L/EC ratios in Beijing were much higher than those in Okinawa. Besides the more
release of levoglucosan in Beijing, such result may also imply that EC was associated
with other sources, such local transport emission and coal combustion, while EC in

Okinawa might represent a regional background level (Zhu et al., 2015a).”



5. The size distribution of Anhydrosugars, Primary saccharides and Sugar alcohols was
analyzed in Section 3.3, a size shift towards large particles and large GMDs in the fine
fraction (<2.1 m) was detected during the hazy days. The author ascribes them to higher
humidity, but did not analyze the impact of RH on size distribution. Please give more
discussion.

Response:

Thanks. Herner et al (2006) found that the particle size can be modified by chemical
reactions, condensation/evaporation, coagulation with other particles, and activation
during high humidity, wet and dry deposition. Anhydrosugars, primary saccharides and
sugar alcohols are important parts of atmospheric primary organic aerosols (POA),
which are highly water-soluble compared with fossil fuel derived particles (Reid et al.,
2005). Larger GMDs of primary carbon particles in the fine mode in haze days than in
non-haze days have been observed in previous and our studies. One reason for that is
enhanced hygroscopic growth of the airborne particles under relatively higher humidity.
As exhibited in Table S1, haze days were characterized by higher relative humidity in
our study. Wang et al (2011) found that all fine mode of WSOC showed a larger GMD
in the hazy days. Kang et al (2016) also discovered that the fine mode GMDs of
aliphatic hydrocarbons generally larger in haze samples due to higher relative humidity.
In addition, the increase concentrations of airborne acrosols could increase the overall
coagulation rate, resulting in faster rate of collisions between particles and formation
of larger particles (Herner et al., 2006). Table 2 showed that the concentrations of
anhydrosugars, primary saccharides and sugar alcohols were much higher in haze days,
which responsible for the larger GMDs in the fine mode and a size shift towards large

particles.
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