Response to Reviewer’s comments

We are thankful to the two reviewers for their thoughtful and constructive comments that
help improve the manuscript substantially. We have revised the manuscript accordingly.
Listed below is our point-to-point response in blue to each comment that was offered by the

reviewers.

Response to Reviewer #1

1. General comments

This manuscript reports results obtained during a field campaign performed at Beijing in
Winter 2013/14. The authors deployed an Aerodyne high-resolution time-of-flight aerosol
mass spectrometer (HR-ToF-AMS) to measure the particle concentration, chemical
composition and size distribution, sampled particles on filters for subsequent extraction and
analysis by gas chromatography/mass spectrometry (GC/MS), and measured gaseous
species and meteorological data. A source apportionment of organics was performed by
positive matrix factorization. The effect of the relative humidity on the particle
concentration and chemical composition was studied through several case studies.

This manuscript is very descriptive, but well written and interesting. Moreover, with the
severe pollution events occurring regularly at Beijing, it is very important to perform this
kind of study in order to better understand sources and processes of particles impacting this
megacity. Thus, | recommend its publication after the authors address the following
comments.

We thank the reviewer for his/her positive comments on this manuscript.

2. Specific comments

Page 4, line 9: | think that the reference Canagaratna et al. (2007) is much more appropriate
here than Canagaratna et al. (2015).

Right, Canagaratna et al. (2007) was cited.

Section 2 “Experimental methods”: the authors give later in the manuscript some results
from back trajectory analysis with the HYSPLIT model. They should describe this analysis in
the “Experimental methods” section rather than in the caption of Figure 14. By the way, the
back trajectory analysis reported here concerns only a short period (Jan 15th-17th). The
absence of a complete analysis for the entire study is maybe the main weakness of this
manuscript.

We thank the reviewer’s comments. The back trajectory analysis has been widely used to
investigate the sources of air masses in Beijing in previous AMS studies (Huang et al., 2010;

Sun et al., 2010; Sun et al., 2012a; Zhang et al., 2015), and it has been well recognized that
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clean periods with low mass loadings are typically associated with air masses from the north
and northwest while polluted episodes are often primarily related to the southern and
southwestern air masses. Therefore, we feel that it is not necessary to do such a similar
analysis in this study. The back trajectory analysis in Fig. 14 was mainly used to support the
discussions on the evolution of E4 that was tightly associated with air mass changes and also
the spatial distribution of haze. Because the HYSPLIT model has been well developed and the
descriptions have been detailed in many previous studies, only a brief description of the

trajectory height and time resolution was given in the caption of Fig. 14.

Section 2 “Experimental methods”: it seems that all the dates and time are given in local
time. The authors should mention that somewhere in this section.

The sentence “All the data in this study are reported at ambient temperature and pressure
conditions in Beijing Standard Time (BST), which equals Coordinated Universal Time (UTC)

plus 8 h.” was added in Section 2 in the revised manuscript.

Page 6, lines 26-27: a constant collection efficiency of 0.5 was used for this dataset. The
authors need to justify this choice in the manuscript, in particular by giving some
information on the particle acidity and on the presence or absence of a dryer in front of the
AMS. Concerning the chemical composition, Figure 1f suggests that particles were never
dominated by ammonium nitrate, so this point should be mentioned as well.

We thank the reviewer for pointing this out. The reasons for the selection of CE = 0.5 were
expanded in the revised manuscript. It now reads: “A collection efficiency (CE) of 0.5 was
applied to the entire dataset to compensate for the incomplete detection of the AMS
because (1) aerosol particles were dried by a silica gel dryer, (2) aerosol particles were
slightly acidic (Fig. S1), yet not high enough to affect CE substantially, and (3) the mass
fraction of NH;NO; was smaller than 0.4 for the entire study (Matthew et al., 2008;
Middlebrook et al., 2012).”
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Figure S1. Correlation between measured NH," and predicted NH," (=18x (2xso42'/96 + NO3
/62 + Chl/35.5)).

Section 3.1 “Mass concentrations and compositions”: there is a long discussion on the
SO4/NO3 ratio, without any information under which form these two species are present. So
here also, a few words on the particle acidity would be helpful to clarify this point.

Good point. We added the following sentence in the text.

“Considering that aerosol particles were slightly acidic as indicated by the average ratio (0.69)
of measured NH," to predicted NH," that requires to fully neutralize sulfate, nitrate and
chloride (Zhang et al., 2007), sulfate in this study mainly existed in the form of (NH,4),SO,4 and
NH4HSO,.”

Page 10, lines 20-21: the authors claim that cooking organic aerosols (COA) are mainly in the
ultrafine range (< 100 nm). This is in contradiction with results obtained by Ge et al. (2012),
who showed that their COA factor had a very broad size distribution peaking at 450 nm (in
Dva). However, according to other studies, the sizes of cooking-related particles vary widely,
depending on cooking types, operations, and distance from the cooking sources. The
authors may include this discussion in the manuscript.

We agree with the reviewer that COA factor generally has a very broad size distribution, e.g.,
in Fresno (Ge et al., 2012), New York City (Sun et al., 2012b), and Lanzhou (Xu et al., 2014).
The sentence here was not meant to discuss the size distribution of COA, instead, it
emphasized that the ultrafine particles were mainly contributed by COA. COA can have a
broad size distribution with higher concentration at larger size, but its contribution to
ultrafine particles was larger than other OA factors. We are sorry that this statement was

misunderstood.



Page 10, lines 26-28: the fact that two species have similar size distributions does not
necessarily mean that they are internally mixed. This kind of information cannot be obtained
with the AMS, which does not perform single particle analysis (unless the instrument is
equipped with a light scattering module).

We agree with the reviewer and revised this sentence as:

“While the two species shared the similar size distributions in summer, they peaked at

different sizes which are ~600 nm and ~300 — 400 nm, respectively.”

Page 14, line 11: concerning the Paris megacity, the authors can also mention the more
recent study performed by Frohlich et al. (2015), who also found a higher contribution of
COA (15.0% of the total organics) than HOA (14.3%).

Good point. The reference Frohlich et al. (2015) was cited in the revised manuscript.

3. Technical corrections
Page 3, line 3: “is of a great concern”.
Page 3, line 5: “concentration of PM2.5 in Beijing was decreased from”.

Corrected.

Page 4, line 15: please define the “SIA” abbreviation.

It was defined as “SOA and secondary inorganic aerosols (SIA)”.

Page 7, line 4: “hydrogen-to-carbon (H/C), nitrogen-to-carbon_(N/C), and”.

Page 16, line 21: “levoglucosan /O/C of 0.062".

Page 17, line 10: “O0A was highly correlated to_the oxygenated ions series”.

Page 19, line 4: “are of a great concern”.

Page 21, lines 4-5: “two episodes, i.e., E3 and E5 showed much higher SOA contributions (67
—77%) than the other episodes”.

Page 21, line 8: “enhanced the oxidation levels of OA”.

The typos and grammar mistakes were corrected in the revised manuscript.

Page 40, Figure 12b: this figure is very crowded, the different size distributions are a bit hard
to identify. In particular, the colors of E1, E2 and E4 are almost similar, as well as those of
M3 and M5. The authors may try to use different markers, it will be easier to identify the
different size distributions.

This figure was revised for easy reading (see below).
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Figure 12. Summary of (a) meteorological conditions, gaseous species, O/C, OA composition
and NR-PM; composition, and size distributions of organics, sulfate, nitrate and chloride for
episodes (b) E1 — E5 and (c) M1 — M5 and C1 - C2 in Fig. 1.

Page 41, caption of Figure 14: “(Stein et al., 2015)._The background picture is_the MODIS
image on January 16”. This sentence is incomplete, I’'m not sure whether that’s what the
authors wanted to say.

The background picture shows the image from the Moderate Resolution Imaging
Spectroradiometer (MODIS) instrument on board the Aqua Satellite on January 16. Such

descriptions were added in the caption.



Response to Reviewer #2

This manuscript presents a comprehensive study during wintertime in Beijing using a suit of
instruments. The data analysis is very thoughtful and focusing on the aqueous processing of
secondary aerosol on the polluted urban area during wintertime. In addition, this work
present substantial analysis on PMF analysis and show a convince PMF result. Overall, this is
well written and organized. | recommend it is publication on ACP after a minor revision

following the below comments.

1. One of major finding in this manuscript is aqueous processing on particulate water.
However, the authors use relative humidity to demonstrate the aqueous chemistry which is
at the function of atmospheric pressure and temperature. | suggest the author using specific
humidity other than relative humidity.

We thank the reviewer’s comments. We used relative humidity rather than specific humidity
mainly due to two reasons: (1) to be consistent with many previous studies for studying
aqueous-phase processing (Hennigan et al., 2008; Hennigan et al., 2009; Zhang et al., 2012);
(2) relative humidity was highly related to aerosol liquid water (Figure R1) that was
estimated by ISORROPIA-II model. Because we didn’t have the direct measurements of
aerosol liquid water content, relative humidity was used in this study. We agree with the
reviewer that specific humidity by considering atmospheric pressure and temperature could

be another choice, which can be explored in future studies.
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Figure R1. Relationship between liquid water content and relative humidity (RH).

2. The mass spectrum of CCOA of this work is characterized by the high signal at m/z
115 which is similar with previous studies. However, there are also significant signal at m/z
44 from CCOA in previous studies, such as Beijing (Hu et al., 2016), Lanzhou (Xu et al., 2016),
and laboratory study (Dall’Osto et al., 2016) which could from the organic acids during coal

burning. Please add the comparison and give the explanation for these differences.

6



The discussions on spectral differences were expanded in the revised manuscript.

“The CCOA spectrum showed a visible m/z 44 peak, yet it is much smaller than those
observed in Beijing (Hu et al., 2016) and Lanzhou (Xu et al., 2016). The spectral differences
were likely due to different burning conditions and ageing processes. For example, a recent
study by burning different types of coals showed that the CCOA spectrum, particularly m/z
44 and 73, can have significant changes during the different stages of the burning, and high

m/z 44 in the spectrum was mainly from fragmentation of organic acids (Zhou et al., 2016).”

3. It seems that the source of BBOA in this study from both the biomass burning and
soft coal combustion based on the L/M ratio. These emissions may not from the residential
or industry in Beijing due to the strict control, and could from the regional transport. So
present the bivariate polar plots in supporting information could show some evidences on
the source of BBOA.

Thank the reviewer’s comments. As indicated by the bivariate polar plot below, high
concentration of BBOA was mainly located in the north and northeast regions (WS < 15 km
hr"). This indicates that BBOA in this study was likely from a mix of local sources and
regional transport. Although strict controls on the use of coal were implemented inside the
city, i.e., 5" ring road, biomass burning and coal combustion were still significant outside the
city, particularly in rural areas in Beijing. In addition, sporadic residential coal combustions
were often observed inside the city. Therefore, it seems to be difficult to distinguish local

sources from regional transport based on current available data. Following the reviewer’s

comments, the bivariate polar plot of BBOA was added in the revised manuscript.

N

Figure R2. Bivariate polar plot of BBOA.

4. P4, linel3-14: please cite the reference at the order of year.

The in-text citations were now chronologically listed.



5. P6, line4: 350 nm ammonium nitrate is obtained from SMPS or AMS?
350 nm is mobility diameter from the SMPS measurement, which was clarified in the revised

manuscript.

6. P6, line 25: please present the full name of NR-PM1.

NR-PMj, i.e., non-refractory submicron aerosol, was spelled out in the revised manuscript.

7. P7, line 21-22: please show the R2.

R? was added.
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