Point-by-point response to comments by Reviewer#1

We thank the reviewer for the detailed and constructive review comments. Below is our point-by-point response to each

comment, marked in blue. Changes made to the main text are also marked in blue in the revised manuscript file.

General comments:

This paper presented source apportionment and chemical characteristics of fine aerosols in Shanghai, China. This work
was performed based on highly time-resolved measurements during a near one-month campaign in winter, along with PMF
analysis. The combination of different aerosol compositions, including OC, EC, water-soluble ions, organic markers, and
some other tracer elements was applied to constrain the PMF analysis. I agree such a methodology could help to further
understand PM 5 sources and its processes in the atmosphere. However, I don t support that the data collected from the
two different sites could be reasonably combined together into the PMF analysis. This data treatment strategy can lead to
a huge uncertainty in PMF results. Therefore, I don t suggest this paper can be accepted, if the authors wouldn’t fully
address the uncertainty generated from the two databases in PMF analysis. When carefully reading this paper, one can find
it’s not well written, and it’s hard to follow. Moreover, some discussions could not be directly supported by the results. It

should be suggested that all (or major) authors should carefully review/validate this manuscript before submitting.

Response to General comments: Thanks for raising this issue of combining data from two sites to do PMF analysis. It is
our oversight not to have addressed this issue in our ACPD submission. We’ll detail below the rationality of combining
data from two sites and discuss associated uncertainty. We have also edited the entire manuscript text to improve the logic

clarity.
1. The rationality of combining data from two sites

In this manuscript, we combined the PM» s major component data from PD site and organic molecular markers data from
SAES site for the source apportionment analysis. The two sites are 12 km apart, both are characterized as a general urban
location. We agree that it would be desirable to use chemical composition data from one single site to carry out the source
analysis. Unfortunately, in this work, the SAES site had measurements of organic tracers, major ions, and elements, but
did not have ECOC measurements. The PD site had data of major ions, elements, and OCEC, but no organic tracer data.
As a result, we had to resort to “borrowing” certain composition data from a similar site nearby. The data combination
provided a more comprehensive dataset to fully characterize the PM» s pollution sources, for general urban district in this

region.
The detailed rationality of combining data from the two sites is explained in the following three sub-sections.
1.1 The neighborhood characteristics of the two sites are similar.

Shanghai’s land area is part of the alluvial plain of the Yangtze Delta Region, with an average height of 2.19 meters above
the sea. The average wind speed is around 3-4 m/s. The whole Shanghai area belongs to one air basin. The geographic
distance between the two sites is 12.1 km. Figure S1 shows the surroundings of the two sites. Both sites are surrounded by
large residential areas, in addition to scattered shopping malls and restaurants, indicating the similarities of mixed emissions
influence for the two sites. The PD site is a designated urban monitoring station in Pudong district (Zhao et al., 2013a).

The SAES site is located in Xuhui district and more pollution characteristics of this site can be found in Wang et al. (2018).
1.2. The pollution characteristics at two sites are similar.

PM, s mass concentrations, gaseous pollutants (CO, SO,, NO;) and PM, 5 carbonaceous components (i.e. BC, OC and EC)
concentrations between the two sites are examined. Table S1 lists the campaign-average concentrations and percentage

difference of the average concentrations between the two sites. Figure S2 compares the time series and correlations of
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PM, s mass, and gaseous pollutants (CO, SO,, NO») during the measurement period between the two sites.

As shown in Figure S2, the pollution levels of PM» s and NO» at two sites showed an excellent degree of agreement with
each other, (R?>=0.92, slope=0.95) for PM, s and (R?>=0.78, Slope=0.86) for NO,. The site-site difference in their average
concentration was less than 6% (Table S1). CO also showed a high correlation (R?=0.78) and similar concentration levels
at the two sites. SO, showed a moderate correlation between the two sites (R?=0.45), its temporal variations were broadly

in sync.

No OC and EC data were available at SAES site during the sampling period. Thus, we next compare related carbonaceous
measurements. Specifically, BC measured by acthalometer at SEAS is compared with EC measured at PD (Figure S3),
showing synchronous variations, and their concentration levels were also similar, with a percentage difference of 33%.
AMS-measured PM, o OA at SAES is compared with PM,s OM mass estimated using OC at PD (Figure S3). The two
quantities tracked very well between them throughout the measurement period, except for one OA episode lasting for a

few hours on 29 Nov. Additionally, they showed comparable levels between two sites, with a relative difference of 8-17%.

Table S1. Concentrations and relative difference of PM» s mass, carbonaceous components, and gaseous pollutants (CO,

NO; SO,) at PD and SAES sites during measurement period.

Species SAES site (ug/m’) PD site (hg/m) Relative Difference
avg stdev avg stdev

PMy s 47.5 343 46.3 33.8 -2.5%

BC at SAES vs. EC at PD 2.35 1.66 1.59 1.13 -33.2%

oC 6.48 2.79

AMS-measured PM; OA at 11.66* 5.09 -17.4%

SAES vs. PM» 5 OM at PD 14.11 11.14

estimated using OC 12.96° 566 -8.2%

Gaseous pollutants

CO (mg/m?) 0.79 0.33 0.66 0.32 -16.5%

NO; 57.15 30.04 53.88 29.21 -5.7%

SO, 5.88 1.96 7.75 2.73 31.8%

2 Estimated PM>.s OM concentration assuming OM =1.8*0C
b Estimated PM, s OM concentration assuming OM =2.0*OC

1.3. PMF results using SAES data and using PD data are comparable.

We have performed an additional PMF test with SAES-measured inorganic ions and elemental tracers as input (PMFsags:
i.e. inorganic ions, elements and organic markers are all from SAES site). The OC and EC data are “borrowed” from the
PD site as no such data are available from SAES site. The results of PMFsags are compared with the PMF solution obtained
using combined data from the two sites (MM-PMF in this work, alternatively, we will refer it as PMFpp for comparison
here). PMFsags showed very similar results compared with PMFpp in both apportioned source contributions (Figure R1)
and in resolved source profiles (Figure R2). This comparison strongly suggests that due to the similar pollution
characteristics at the two urban sites, it is feasible to “borrow” one site’s major components and elements data to conduct
the PMF analysis.

In summary, we have shown with measurement data that the major PM» s components at the two urban sites are synchronous
in temporal variations and highly similar in concentration levels. This provides data support to argue for the approach of
using combined data set to achieve comprehensive source apportionment of PM» s for the urban districts in this work. We

interpret that the source apportionment results using the combined dataset are representative of the common and major
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sources at PD and SAES sites. Otherwise it would not be possible to observe the highly similar level of PM,s. On the other
hand, we recognize that the data combination approach would be ineffective to extract a potential source specific at one
single site. More specifically, as pointed out by the reviewer, the differences of organic markers at the two sites may be
non-negligible, thus, the apportioned results, especially the sources apportioned by certain organic markers (i.e., cooking
in this study) could be site-specific to the SAES site alone. Nevertheless, the major source factors should be consistent at
two sites and can be used to reflect the general urban pollution in our study location. Finally, a rigorous quantification of
the uncertainties caused by the data combination at two sites needs side-by-side online measurements of PM compositions,

especially organic markers at two sites, and currently this information is not available.

q Site ¥ Restaurant  Market @ Subway

Figure S1. Surroundings of the two sampling sites (i.e. PD and SAES) in this study.

R-3



180 —=— PM,gat SAES —e— PM,;atPD Y038 + 0687 ¢

Conc (ug/m*)
N e O mONE D
558888388
%i
ég‘
PMyq at PD [jghn’)
8 & 8 8 & B

0 T T d
2018111.’9 20‘!51111‘14 2018/11/19 2015!111‘24 2018/11/29 20181214 5 B @ @ B W T
Time PM, . 8t SAES (ug'mr’)
244 = COatSAES + COatPD 20 .o
¥=0861% - 0016
204 " R=0778 .
— B 18
E 161 =
£l . E
Ez2- 5
g ‘ w10
9
8 0.8 By
0.4 - . a6
0
0.0 T T T T d 0
2018/11/9 2018/11/14 2018/11/19 2018/11/24 2018/11/29 2018/12/4 02 os o8 05 10 12 14 16 18 20
. CO at SAES (mg/m?)
Time
180 —=— NO,at SAES —= NO,at PD 1 K
y=0862x +4.714 -
160 4 190 R=0.777 -
~ 1407 w
120 =
kaﬁh 2w
2100 E-
5 80 :
S 60
" oWy Y
2013111,'9 201811114 2018111118 2018111724 2018011129 2018124 U m G w s W
Tlme NO, al SAES (ug m)

204 = SO,atSAES + SO,atPD

18
- L .,
-

3
.
.
see s

I H g .o
ey 12 2
Ed
=10 %m ¥= 09108 +2.455
28 0’1 8 RE=0.452
ii7 E‘F"‘E’ = ’ :

4 5 .

2 4 .

0 T T T T d .

2018/11/9 2018/11/14 2018/11/19 2018/11/24 2018/11/29 2018/12/4 4 86 8 W 12 14 ® 4

. $0, ot SAES (ugm”)
Time :

Figure S2. Comparison of PM; s and gaseous pollutants between PD and SAES sites during measurement period.
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Figure R1. Comparison of factor contributions to PM> 5 (a) and OC (b) between PMF combining two sites data (PMFpp,

1.e. MM
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Comments in detail:

1. Lines 14-21: Abstract should be concise. These sentences can be improved to only briefly describe
what necessary and importance of this study are, as well as to briefly address scientific question of this
study.

Response to Reviewerl comment No. 1: We have revised the abstract to make it more concise.

2. Line 19: Measurements at the two different sampling sites were conducted in this work, which should
be addressed here. This is a very important information in PMF analysis. Aerosol chemical composition,
especially organics, can be substantially different at different sites even in a same city region. Again, |
don t believe this methodology is reasonable unless the authors can prove it.

Response to Reviewerl comment No. 2: The rationality of the combination of data from two sites, as
detailed above, is now added in the supporting information (Text S1). The following sentences are added
into the main text.

Lines 18-20: “In this study, source apportionment of PM> s using positive matrix factorization (PMF)
model was conducted for urban Shanghai in the Yangtze River Delta region, China, utilizing a large suite
of molecular and elemental tracers, together with water-soluble inorganic ions, OC and EC from

measurements conducted at two sites from 9 November to 3 December, 2018.”

3. Lines 21-22: This sentence can be improved. And what’s the difference between molecular makers
and organic makers here? Please rewrite this sentence.

4. Lines 23-24: Not clear. Please rewrite it.

Responses to Reviewerl comment No. 3 and No. 4: The two terms are interchangeable. To avoid
unnecessary confusion, we now adopt unified use of "molecular makers" in this article, and have replaced

all "organic makers" with "molecular makers ". The sentence of concern is revised as below:

Lines 21-24: “The PMF analysis with inclusion of molecular makers (i.e. MM-PMF) identified 11
pollution sources, including three secondary source factors (i.e. secondary sulfate factor, secondary
nitrate factor, and secondary organic aerosol (SOA) factor) and eight primary sources (i.e. vehicle exhaust,
industrial emission/tire wear, industrial emission2, residual oil combustion, dust, coal combustion,

biomass burning, and cooking).”

5. Line 24: The three -> These three. Another question, why did the authors select those sources for the
quantification discussion here? Why not others included, since you have identified many source factors?

Response to Reviewerl comment No. 5: “The three -> These three” revised as suggested. (Line28)

The three sources were extracted only by MM-PMF. Without organic markers, they are mixed with other
sources and cannot be separated.

Lines 26-29: “Traditional PMF analysis relying on major components alone (PMF;) was unable to
resolve three organics-dominated sources (i.e. biomass burning, cooking, and SOA source factor).
Utilizing organic tracers, the MM-PMF analysis determined that these three sources combined accounted
for 24.4% of the total PM2 5 mass.”

6. Line 25: It has already been well known about the secondary source is an important source of

atmospheric pollution in eastern China. Better to rewrite this sentence.

R-7



Response to Reviewerl comment No.6: The sentence is revised as below.
Lines 24-25: “The secondary sources contributed 62.5% of the campaign-average PM2s mass, with the
secondary nitrate factor being the leading contributor.”

7. Lines 26-27: It’s a confusing sentence (Grouping different sources . . ., respectively). Please rewrite it.
And what is the difference between SOA and SOC mentioned here together? Maybe only needing to
show any individual of the two terms in the abstract section, if you don t need to explain the different
things between SOA and SOC. In addition, SOC and POC should be defined before using them.

Response to Reviewerl comment No.7: In order to make the summary more concise and highlight the
important content, we choose to delete this part of the discussion. The abbreviations (SOA, SOC, and
POC) are now defined in the body of the article. Specifically, SOA refers to secondary organic aerosols

and SOC refers to secondary organic carbon.

8. Lines 33-35: Maybe a region scale should be given here, for instance, e.g., in eastern Asia or China?
Response to Reviewerl comment No.8: revised as below.

Line 39: “...with the increasingly prominent problem of air quality in China, ...”

9. Lines 35-36: This sentence should be revised to be better read. In addition, Zhang et al., 2009;). ->
Zhang et al., 2009).

Response to Reviewerl comment No.9: revised as below.

Lines 40-41: “Identifying the pollution sources and quantifying their contributions to ambient PM, 5
pollution are of fundamental importance for PM emission reduction and air quality improvement (Chen
et al., 2007; Zhang et al., 2009a).”

10. Lines 36-42: These sentences should be revised. As written here, aerosol climate and environmental
impacts are not well described. They can be improved better for easy follow. For example, the sentence
(lines 38-40) is discussing about climate impact of aerosols”, while in the hereafter sentence, you
conclude importance for air quality”. I mean, in this paper, it may be not needed to highlight acrosol
climate aspects in too much detail, but it can be discussed with a very brief version. In addition, in the
first sentence (lines 33-35), you already have addressed the situation of PM2.5 pollution and it’s
important. But, in the sentences (lines 40-42), you highlighted the similar information again. Overall, I
would suggest that more concise sentences can be made here to better describe importance and necessity
that are associated with the work of the present study.

Response to Reviewerl comment No.10: The whole paragraph has been revised for better clarity.
Lines 37-39: “Airborne PM; s (i.e. particulate matter with acrodynamic diameter less than 2.5 pum) has
attracted increased global attention due to its impact on climate, visibility, and human health (Chow et
al., 2004; Liu et al., 2016; Foley et al., 2010).”

11. Lines 43-44: Again, this information has been declared in the above paragraph, no? Is the sentence
of lines 44-45 expressing a similar knowledge as the lines 35-36?

Response to Reviewerl comment No.11: We have deleted the repeated information in this paragraph.

12. Lines 46-47: What are . . . other methods”? They could be briefly discussed here, since you would
highlight some advantages of PMF model, especially you will need apply it with a unique PMF input
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dataset.

Response to Reviewerl comment No.12: revised as below.

Lines 44-46: “Compared with other methods, such as chemical mass balance (CMB) and multi-linear
engine (ME-2), positive matrix factorization (PMF) (Paatero & Tapper, 1994) does not need to input the
source profiles, and is able to provide as model outcome both the source profiles and contributions of

various sources (Wang et al., 2018; Zhou et al., 2019).”

13. Lines 48-52: It may be not only due to this reason (as you discussed above) why PMF has been
widely applying in aerosol source apportionment, as reported by many previous studies. Meanwhile, it
would not be necessary to list too many references here. If I understood well, the authors would like to
highlight the advantage of PMF compared to other receptor models, and why PMF was applied in the
present study.

Response to Reviewerl comment No.13: Revised as suggested. Since this paper does not focus on the
advantages of different receptor models, we have removed unnecessary information and reduced

reference numbers.

14. Line 55: Filter measurements can be also available for short-term source apportionment study. Not
sure if this sentence is necessary/clear here with the current way.

Response to Reviewerl comment No.14: Revised as below to improve clarity.

Lines 51-53: “Sample sizes of over a hundred could be acquired within a short time span in the order of

a week, thus providing opportunities to study pollution source variations for short-term time windows.”

15. Lines 58-62: These sentences are not clear enough. What are advantages of the observation methods
in the present study, compared to AMS techniques? One could argue that the combination between AMS
and organic tracers could be also a very good strategy for source apportionment of organic aerosols (e.g.,
Huang et al., 2014 Nature).

Response to Reviewer1l comment No.15: AMS/ACSM mass fragmentation ions are not unique source
tracers, as the same fragment ions can come from different parent molecules (as stated in Lines 56-57).
In comparison, the organic molecular markers are more source specific and allow us to more effectively
separate organic sources.

Lines 57-61: “In comparison, molecular markers alleviate such ambiguity, therefore could significantly
improve our ability in source identification and quantification. The recently commercialized Thermal
desorption Aerosol Gas chromatography-mass spectrometry (TAG) system (Williams et al., 2014; Zhao
et al., 2013b; Isaacman et al., 2014) has enabled acquiring hourly data of individual molecular markers,
providing opportunities for more refined source apportionment.”

Yes, we agree that the combination of AMS and organic markers will be a good strategy for source
apportionment of organic aerosols. In the future, we plan to deploy TAG and AMS side-by-side to

maximize our ability in resolving OA sources.

16. Lines 63-64. One transmission sentence between the two sentences is needed, otherwise one could
understand that many previous studies performed in Shanghai could be only due to a large population. I
guess you would express that Shanghai is a megacity, representing for a typical economic zone in China

and with a large population there, while air pollution issues are complex due to unclear enough aerosol
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sources that have to be better understood to further improve air quality.

17. Lines 64-71: Following the similar comments above, I would suggest the author to improve this
paragraph.

Response to Reviewerl comment No.16 and No. 17: We have rewritten the whole paragraph as below.
Lines 62-69: “Shanghai, a megacity with a population of 24.3 million and a total area of 6,340 km?,
represents a typical economic zone in China. Air pollution issues in Shanghai are complex and our
knowledge of its aerosol sources still fall short of being sufficiently quantitative or comprehensive. Past
source apportionment studies of PM» s in Shanghai are either based on offline filter-based data that are
inherently of low time-resolution (Du et al., 2017; Chang et al., 2018), or emissions-based numerical
models (Li et al., 2015; Shu et al., 2019; Li et al., 2019; Feng et al., 2019). PM 5 source apportionment
studies using online data as inputs, however, so far have been limited to the major aerosol species (i.e.
inorganic ions, carbonaceous components and elements) (Wang et al.,, 2018), preventing proper

separation of aerosol sources dominated by organic compounds.”

18. Lines 67-68: It is not true that offline techniques are limited in air pollution event studies.

Response to Reviewerl comment No.18: suggestion taken. We have deleted this loose description.

19. Line 77. As I mentioned above, the reasonable application to combine the two data sets from the two
different sampling sites for PMF analysis needs to be further proved.
Response to Reviewerl comment No.19: The comment has been addressed in our response to the

general comments in the beginning of this response document.

20. Line 95. More detail in methods of organic compounds data analysis (including more descriptions in
instrumental information) and data quality control should be described here, since such data set is a major
part in the present study.

Response to Reviewerl comment No.20: We’ve added one paragraph about TAG measurement in the

manuscript.

Lines 96-107: “Quantification of hourly speciated organic markers were achieved using a Thermal
desorption Aerosol Gas chromatography-mass spectrometry (TAG) (Aerodyne Research Inc.,
https://www.aerodyne.com/wp-content/themes/aerodyne/fs/TAG_0.pdf). The operation details and data
quality are described in a separate paper (Wang et al., 2020), and only a brief description will be presented
here. Briefly, ambient air was drawn through a PM, s cyclone, then the sampled air was collected after
passing through a carbon denuder to remove the gas phase and only particles were collected onto the
collection matrix. The organics were then desorbed and transferred from the collection matrix to the GC
column, with in-situ derivatization of the polar organics under a variable stream of saturated helium with
derivatization agent (N-methyl-N-(trimethylsilyl) trifluoroacetamide). After GC column separation the
target organics entered the MS chamber for analysis. It should be noted that with the current TAG
instrument set-up, one hourly sample was collected at every odd hour, thus generating 12 hourly samples
in a 24-h cycle. The post-sampling steps, including in-situ derivatization, thermal desorption, and GC/MS
analysis, took ~1.5 h, and the next sampling started concurrently with the GC/MS analysis step, lasting
for a full hour.”

21. Line 131: 1/2 can be understood by “1 or 2” or “0.5”. Same comment on line 132: “5/6”.
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Response to Reviewerl comment No.21: revised as suggested. "5/6"-> " five-sixths ". (Line 150)

22. Line 134. A refence or acknowledgement when you use trajectory data and tool should be given.
Response to Reviewerl comment No.22: References have been added as suggested.

Lines 153-157: “Backward trajectories of 36-h duration and arriving at an altitude of 100 m above
ground level (AGL) over the PD site were calculated deploying the 0.5° Global Data Assimilation System

(GDAS) meteorological data (https://www.ready.noaa.gov/archives.php). The trajectories were then

classified into different clusters according to the geographical origins and movement process of the

trajectories using the TrajStat model (Zhang et al., 2020).”

23. Lines 142-143. Some references should be given to support this statement. And what the link between
this sentence and the ones hereafter? It seems that further discussion on potential impacts of the
meteorological conditions on PM2.5 pollution observed in the present study is needed. Wind-dependent
analysis of different aerosol sources can be applied here, I think.

Response to Reviewerl comment No. 23: the sentence has been removed from the context.

The impact of meteorological conditions on PM, s will be discussed in the episodic analysis part in section
3.3, including some wind analysis. This paragraph mainly gives a brief introduction of the PM pollution
characteristics during the sampling period. As we have performed clustering analysis, we will not focus

on additional wind-dependent analysis, which may distract the readers’ attention.

24. Line 167: Define the terms BS, DISP and BS-DISP.
Response to Reviewerl comment No.24: suggestion taken. The descriptions of the three error

estimation methods have been added in Text S2.2 in the supporting information.

25. Line 169: Please show specific results and/or further prove the cases when the factors were mixed
based on those base runs.

Response to Reviewerl comment No.25: We have added the specific examples of the factor mixing in
the base run results.

Lines 195-198: “The base run results show certain degrees of factor mixing, such as ~20% of biomass

burning tracers-levoglucosan and mannosan- were mixed with secondary nitrate factor. Subsequently, a

constrained run was performed to constrain levoglucosan and mannosan to be only present in the biomass
burning factor (Wang et al., 2017).”

26. Lines 172-173: Figure 3 presents results resolved by the MM-PMF analysis. This information should
be given in this sentence, since two PMF methods have been applied and hereafter you did a lot of
discussion on Figure 3.

Response to Reviewerl comment No.26: revised as suggested.

Lines 200-204: “The factor profiles of the 11-factor constrained run of MM-PMF are shown in Fig. 3,
together with the time series of contributions from individual source factors. The diurnal variations of
individual factor contributions are shown in Fig. 4. In summary, three secondary sources are resolved,
namely, secondary sulfate factor, secondary nitrate factor, and SOA factor. Eight primary sources are
resolved, and they are vehicle exhaust, industrial emission/tire wear, industrial emission2, residual oil

combustion, dust, coal combustion, biomass burning, and cooking.”
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27. Line 173: Secondary nitrate factor (F1) was identified by high concentrations of nitrate and
ammonium. . .”. The PMF factor profile is described by contributions of each variable, but not their
absolute concentrations. I think it might be enough when you directly discuss their contributions in factor
profiles. Same comment on the similar statements.

Response to Reviewerl comment No.27: revised as suggested. we have revised "concentrations" to

"contributions”. (Line 207)

28. Lines 177-179: what’s difference between SOA and SOC? Please show results about . . . which can
be seen from the correlation of the respective species with OC.”

Response to Reviewerl comment No.28: ‘SOA’ and ‘SOC’ have been defined in the article.

SOA (Secondary Organic Aerosols) is one of the sources of PM; 5 in the air, as determined by the PMF
model. When describing quantity of SOA, it has an air concentration unit of pg/m?®. And SOC is the
secondary organic carbon, and has the concentration unit of ngC/m?.

The sentence ““...which can be seen from the correlation of the respective species with OC.” is ambiguous

and has been removed.

29. Lines 179-181: Those sentences could be read by: “Figure 4 presents the relative contributions of
various source factors to PM2.5 and OC based on MM-PMF analysis, respectively. The F1 and F2
contributed 33.5% and 15.6% to the total PM2.5 mass concentration, respectively.”

Response to Reviewerl comment No.29: revised as suggested. (see Lines 215-216)

30. Lines 181-182: What does SOC contribute to, PM2.5 or OC?

Response to Reviewerl comment No0.30: The SOC contribute to total OC. We have revised the original
statement.

Lines 289-290: “The SOC from the three secondary factors accounts for 48.6% (3.09 pgC/mq) of the
total OC mass on average across the whole study period.”

31. Lines 182-183: Such sentences would be better discussed step-by-step for each factor, something like:
“As shown in Fig. 5, the diurnal variation of the secondary nitrate factor shows high concentration during
nighttime (e.g., 21:00 04:00), while its low concentration is observed during daytime (e.g., 11:00-14:00).
etc. The F1, a secondary sulfate-rich factor, didn t present obvious diurnal pattern, which is however
characterized by limited variations across the day. etc. . .” This is only an example. The authors don’t
need to exactly follow it, but clearer discussions are needed. In addition, influence of air temperature on
the nitrate-rich factor should not be ignored, due to volatile properties of particulate ammonium nitrate.

Response to Reviewerl comment No.31: Suggestion taken. The whole section has been revised to
improve clarity. The impact of temperature on the diurnal variation of secondary nitrate has been added
in the discussion.

Lines 210-212: “The higher contributions of secondary nitrate in the nighttime hours may be due to the

lower nighttime temperature favoring the shifting of ammonium nitrate to the particle phase.”

32. Line 186: please show evidence to further demonstrate influence of regional transportation on the F1,
when you addressed it here.

Response to Reviewerl comment No.32: the vague statement has been removed from the discussion.
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33. Lines 187-189: the diurnal variations of RH and temperature can be plotted to support “high RH
condition during the day”. But it’s not convinced to address that no obvious diurnal variation of sulfate-
rich factor could be mainly due to the reason here. Other reasons should be further discussed. In addition,
the conclusion of the sentence (lines 188-189) is weak, which is not sufficiently supported by the results.
Response to Reviewerl comment No 33. Considering no convinced evidence can be found to support
the statement, we now have removed the statement. Inferred from later backward trajectory analysis in
section 3.2, the secondary sulfate showed obvious higher contributions under influence of northern

continental and long-range transport air masses, indicating the regional transport feature of this factor.

Lines 212-213: “Contributions of F2 lack obvious diurnal patterns (Fig. 4), which may indicate the
influence from regional transport, and this speculation is supported by the backward trajectory analysis
in Sec. 3.2.”

34. Lines 192-194: This sentence could be modified by “The factor 3 (F3) profile presents a high
abundance of EC, OC, Ca, and Cu, as well as it contains some organic tracers (PAHs and organic acids,
etc.),...”. Lines 192-194: In addition, what does contribute to 11.3% of the total PM2.5 mass on average?
An information to be needed to transfer this sentence to the next, to indicate this factor could be linked
to vehicle exhaust. Otherwise it’s hard to understand if this factor 3 is associated with vehicle exhaust
source when you start to discuss it in the next sentence. What does this accounting for 16.2% to OC refer
to, the total vehicle exhaust emissions or only POC?

Response to Reviewerl comment No.34: revised as suggested. These sentences have been rewritten in

the article and updated with the data of the model results.

Lines 220-227: “The third factor (F3) shows a high abundance of EC (38%), and is identified to be
vehicle exhaust. It also contains high loadings of OC, Ca, and Cu, as well as some organic tracers (PAHs
and organic acids) in the profile... F3 contributed to 12.6% of the total PM,.s mass and 19.4% of OC on

average.”

35. Lines 194-196: This sentence is not clear. Please revise it.

Response to Reviewerl comment No.35: the whole paragraph has been re-written.

36. Line 197: what is daily variation?

Response to Reviewerl comment No0.36: Revised to be diurnal variation.

Lines 224-225: “The influence of vehicle exhaust on this factor is supported by the peak hours at 7:00-
9:00 am and 5:00-7:00 pm in the diurnal variation (Fig. 4), coinciding with the morning and afternoon
rush hours.”

37. Lines 197-198: In addition, xxx has high correlation with NOx and CO, respectively, ...? Mistakes
in “R=67" and “R=58"".

Response to Reviewerl comment No.37: revised as suggested. This sentence has been rewritten and
updated with the data of the model results.

Lines 226-227: “In addition, F3 has high correlations with NO, (R=0.68) and CO (R=0.48), further
supporting the association of this factor with vehicle exhaust.”
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38. Lines 198-201: Needs to revise these sentences for better understanding.
Response to Reviewerl comment No.38: The support for this sentence in the article was weak, and we

have removed it from the discussion.

39. Line 204: loads -> loadings. Were you discussing on profile in this sentence? Please revise this
sentence.
Response to Reviewerl comment No0.39: revised as suggested.

Line 228: “The profiles of the fourth factor (F4) contains high loadings of Fe and Mn.”

40. Line 207: The F4 needs to be defined.
Response to Reviewerl comment No.40: suggestion taken.

Line 234: “Therefore, F4 is considered as a mixed source of industrial emission and tire wear.”

41. Lines 207-209: I think this sentence can be better improved.

Response to Reviewerl comment No.41: The sentence is revised as below:

Lines 229-231: “These metals, together with Cu and Zn, are also reported by Pant & Harrison (2013)
and Wang et al. (2018) to be associated with non-exhaust vehicle emissions such as tire wear.”

42. Line 210: a mistake in R=49",

Response to Reviewerl comment No.42: the typo mistake has been corrected.

Lines 232-234: “F4 shows a high correlation with NOx (R=0.49), and NOy in the Yangtze River Delta
mainly originates from industrial and vehicular pollution sources (Fu et al.,2013).”

43. Lines 209-210: I don t understand why you discuss on F2 in the first phase of this sentence, then you
get conclusion about F4?
Response to Reviewerl comment No.43: This is a typo mistake and it should be “F4”. (see updated

revision in response to previous comment)

44. Line 210: source.The -> source. The”. What does “the factor” refer to?
Response to Reviewerl comment No.44: revised as suggested. “the factor” has been defined.
Lines 234-235: “Therefore, F4 is considered as a mixed source of industrial emission and tire wear. The

contribution of this factor to total PM, s mass and OC was minor, ...”

45. Lines 210-213: More discussions to be needed to further support “suggesting the benefit of the online
high-resolution measurement.”.

Response to Reviewerl comment No.45: Below text is added.

Lines 235-238: “Industrial emission/tire wear could not be resolved as a separate source in the source
apportionment analysis based on offline filter samples in this region (Du et al., 2017; Huang et al., 2014;
Qiao et al., 2016). This inability is lifted with the hourly data, thus indicating the benefit of online high-

time resolution measurements.”

46. Line 213: “measurement. The” -> “measurement. The”

Response to Reviewerl comment No.46: revised. (Line 239)
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47. Lines 213-214: are often used in industrial processes -> are often used as industrial emission markers”.
But I am not sure if you did this meaning? In addition, the figure that you are discussing should be pointed
out.

Response to Reviewerl comment No.47: Cr and Ni have multiple emission sources and cannot be
regarded as unique source tracers to industrial emissions. Chromium could come from solid waste
incineration as well (Borai et al., 2002). Considering the urban locations of the sampling sites, waste
incineration is unlikely an important source, thus we consider it as an industrial emission source. We

revise as below to better explain the associated source for F5.

Lines 239-241: “The fifth factor (F5) is characterized by high loadings of Cr (74%), Ni (31%), and Zn

(29%) (Fig. 3). Cr compounds are widely used in industrial activities such as plating, tanning, and
metallurgy (Karar et al., 2006; Borai et al., 2002). In addition, this factor shows a strong correlation with

CO (R=0.68). Thus, it is regarded as industrial emission2.”

48. Line 215: a mistake in “R=59".

Response to Reviewerl comment No.48: see updated revision in response to previous comment.

49. Line 215: what did you discuss in this sentence “No diurnal variation was observed.”? This is not
clear at all.
Response to Reviewerl comment No.49: It is revised as below to improve clarity.

Line 242: ... No diurnal variation is observed in this factor (Fig. 4).”

50. Line 215: “The factor” refer to the factor 5?
Response to Reviewerl comment No.50: yes, it refers to the factor 5.

Line 242: “Factor contributions of F5 to total PM» s and OC mass were minor, only 2.0% and 1.1%.”

51. Lines 216-217: This sentence can be improved for better reading.

Response to Reviewerl comment No.51: Revised as below to improve the clarity.

Lines 244-245: “The residual oil combustion factor (F6) is identified by high loadings of V (83%) and
Ni (32%) (Fig.3). V_is often used as a source tracer for residual oil combustion (Zhao et al., 2013¢).”

52. Lines 217-218: how could you prove your factor 6 that mainly comes from ship transportation?
Further discussion/evidence to be needed.
Response to Reviewerl comment No. 52: The relevant supporting description has been added.

Lines 245-247: “The contributions of the residual oil combustion mainly come from ship transportation,

due to the coastal geographical locations of Shanghai. The V/Ni ratio in the factor profile is 2.7, close to
the ratio of fuel oil used in Shanghai Port (Zhao et al., 2013¢).”

53. Line 218: again, this sentence is not clear: “The diurnal contribution at night was greater than that
during daytime.”. Please the authors carefully check such similar issues over the entire manuscript.
Response to Reviewerl comment No.53: Revised as below. Also, the whole manuscript has been
carefully examined and revised to improve clarity.

Lines 247-248: “The diurnal variation of this factor shows slightly higher concentrations during
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nighttime (e.g., 21:00-23:00 and 03:00-07:00).”

54. Lines 219-220: to me “the contribution (10.7%)” is relatively high, but I don t think “is not negligible”
is an appropriate use here.

Response to Reviewerl comment No.54: Revised as suggested.

Lines 248-250: “F6 is a minor contributor to PM, s, accounting for 2.0%, while its contribution to OC is
higher (7.1%). Therefore, residual oil combustion is also an important pollution source, especially to
OoM.”

55. Lines 228-229: Mistakes in R=59 and R=56"".
Response to Reviewer1l comment No.55: Revised.
Lines 258-259: “Good correlations with SO, (R= 0.68) and CO (R=0.68) further support the

identification of this factor.”

56. Line 230: “such as PAHs present in the source” -> “such as PAHs presented in the source profile”?
or a figure you discussed should be linked here. “The results are different” -> “These results are different”.
Response to Reviewerl comment No.56: revised as below.

Lines 259-261: “No specific organic tracers such as PAHs are present in this source profile (Fig. 3).
These results are different from those of Wang et al. (2017) and Yu et al. (2016), which may be attributed

to regional differences in source profiles.”

57. Lines 232-233: the two factors should be discussed separately.
Response to Reviewerl comment No.57: suggestion taken. The two factors are discussed separately in

Lines 262-274 (the text is copied below in the response to comment No. 58-60).

58. Lines 234-236: literatures should be cited here to support this statement. In addition, K needs to be
defined.

Response to Reviewerl comment No.58: We have added new references to support this statement.
Lines 262-266: “Levoglucosan and mannosan are uniquely emitted by biomass burning activities
(Engling et al., 2006; Feng et al., 2013), thereby serving as reliable source tracers to indicate biomass

burning in source analysis (Wang et al., 2019; Bond et al., 2007). In comparison, it is well documented

that elemental potassium (K) suffers from potential interferential sources such as dust and fire work
emissions (Yu et al., 2019).”

References:

Wang, Q. Q., Huang, X. H. H., Tam, F. C. V., Zhang, X. X., Liu, K. M., Yeung, C., Feng, Y. M., Cheng,
Y. Y., Wong, Y. K., Ng, W. M., Wu, C., Zhang, Q. Y., Zhang, T., Lau, N. T., Yuan, Z. B., Lau, A. K. H,,
and Yu, J. Z.: Source apportionment of fine particulate matter in Macao, China with and without
organic tracers: A comparative study using positive matrix factorization, Atmos. Environ., 198, 183-
193, 2019.

Bond, T.C., Bhardwaj, E., Dong, R., Jogani, R., Jung, S., Roden, C., Streets, D.G., and Trautmann, N.M.:
Historical emissions of black and organic carbon aerosols from energy-related combustion, 1850-2000,
Global Biogeochem. Cy. 21, GB2018, 2007. https://doi.org/10.1029/2006GB002840.

Yu, S. Y., Liu, W. J., Xu, Y. S., Yi, K., Zhou, M., Tao, S., and Liu, W. X.: Characteristics and oxidative
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potential of atmospheric PM2.5 in Beijing: Source apportionment and seasonal variation, Sci. Total.
Environ., 650, 277-287, 2019.

59. Line 236: This factor, contributed 4.9% and 5.7% of total PM2.5 and OC mass on average,
respectively. -> On average, this factor contributed 4.9% and 5.7% to the total PM2.5 and OC mass
concentrations, respectively.

Response to Reviewerl comment No.59: revised as suggested. (Line 269)

60. Line 237: biomass burning contains high-loading -> the source profile of biomass burning factor
contains high loadings . . . (Fig.?).

Response to Reviewerl comment No.60: revised as suggested.

Lines 266-268: “The source profile of biomass burning factor also contains high loadings of five-ring
and six-ring PAHs that are considered to be derived from a mixed combustion sources (including coal

combustion and biomass burning, etc.) (Fig. 3).”

61. Line 238: (including coal combustion, biomass burning, etc.) -> (including coal combustion and
biomass burning, etc.)”.

Response to Reviewerl comment No.61: revised as suggested. (see response to previous comment)

62. Lines 239-241: To be suggested to discuss the two factors, biomass burning and cooking, separately.
Response to Reviewerl comment No.62: revised as suggested. The two factors are now discussed

separately in Lines 262-274.

63. Lines 242-243: which figure/table did you discuss in this sentence?
Response to Reviewerl comment No.63: Here we discuss the content of figure 3.
Lines 277-279: “As shown in Fig.3, F11 is identied as a SOA factor on the basis of high loadings of

toluene SOA tracer (2,3-dihydroxy-4-oxopentanoic acid), a-pinene SOA tracers (pinic acid and 3-

methyl-1,2,3-butanetricarboxylic acid) and phthalic acid.”

64. Line 243: This value 14.7% is not a major fraction, but it can be called as a relatively high fraction.
Response to Reviewerl comment No.64: the statement has been revised.
Line 284: “The SOA factor accounts for 16.8% of PMz s, and 7.0% of OC on average (Fig. 5).”

65. Lines 244-245: Do the authors mean that this SOA factor could be associated with a mixture SOA
factor from anthropogenic and biogenic sources? One could argue very small fraction of biogenic
emission during wintertime in Shanghai region. In addition, it is not sufficient by the similar diurnal
variations between nitrate and SOA to indicate that they have similar formation processes and interaction
between anthropogenic-biogenic sources. Further discussion is needed to clearly explain such a factor
and its potential formation processes.

Response to Reviewerl comment No. 65: yes, based on the factor profiles, the SOA factor showed high
loadings of both biogenic SOA tracers and anthropogenic SOA tracers. However, we can’t simply rule
out the biogenic SOA influence during wintertime. Several studies have reported the enhanced formation
of biogenic SOA with the increased anthropogenic emissions (Ren et al., 2019). During the measurement

period, we successfully measured two a-pinene SOA tracers (i.e. pinic acid, and 3-methyl-1,2,3-

R-17



butanetricarboxylic acid). The time series of the a-pinene SOA tracers showed very similar trend with
toluene SOA tracer (i.e. DHOPA) and the two SOA tracers correlated well with total PM 5 (Figure R3).
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Figure R3. Time series of PM» s and measured a-pinene SOA tracers (sum of pinic acid, and 3-methyl-

1,2,3-butanetricarboxylic acid) and toluene SOA tracer (i.e. DHOPA) during the sampling period.

The secondary nitrate factor and SOA showed similar temporal variations (R=0.63), especially under
episodic hours (Figure R4). Thus, the statement was not only based on the similar diurnal variations. We
agree that a stronger evidence is needed to affirm their potential formation processes, however, such
exploration may be out of the scope of this manuscript, as here we mainly focus on the source

apportionment of PM> s using the molecular and elemental markers.
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Figure R4. Time series of MM-PMF resolved source contributions to PM> s from secondary nitrate and

SOA factor during the sampling period.

References:
Ren, Y. Q., Wang, G. H., Tao, J., Zhang, Z. S., Wu, C., Wang, J. Y., Li, J. J., Wei, J., Li, H., and Meng, F.:
Seasonal characteristics of biogenic secondary organic aerosols at Mt. Wuyi in Southeastern China:

Influence of anthropogenic pollutants, Environ. Pollut., 252, 493-500, 2019.

66. Lines 258-264: those sentences should be discussed associated with your results when you need them
to support something. Or if only for a summary purpose here, those contents could be moved into the
introduction section.

Response to Reviewerl comment No.66: we agreed with the reviewer and have removed this paragraph.

67. Line 270: It can be seen from Fig.7 that the composition varies with the source of the air mass. ->

“As shown in Fig. 7, the PM2.5 sources vary evidently associated with different air mass origins.”
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Response to Reviewerl comment No.67: revised as suggested (see updates in Lines 344-346).

Lines 344-346: “MM-PMF factor percentage contributions to PM2s under each cluster during the
sampling period are shown as pie charts in Fig. 7 and the mass contributions of individual factor under
different clusters are shown in Fig. S10. The PM, s sources vary evidently in their contributions under
influences of air masses of different origins.”

68. Lines 273-275: those sentences can be improved to be better read.

Response to Reviewerl comment No.68: See the revised wording in Lines 335-338.

Lines 335-338: “Briefly, PM» 5 concentration was the highest under influence of local air mass influence
(i.e. cluster 2), with an average value of 67.7 pug/m?, followed by the northeastern continental air mass
(cluster 1, 59.1 pug/m3). Lower PM concentrations were observed under influence of long-range transport

air mass (cluster 4, 20.4 ug/m®) and oceanic air mass (cluster 3, 30.0 ug/m?).”

69. Line 276: cluster 1 is not associated with North China, but it could be more reasonable coming from
eastern China.

Response to Reviewerl comment No.69: suggestion taken. We have revised it to “northeastern” (line
329)

70. Lines 283 284: could be possible regional transport contributing to dust observed at this receptor site?
Wind analysis together with dust source could help to further investigate this point.

Response to Reviewerl comment No.70: we have removed this statement. From the cluster analysis,
the dust factor showed slightly higher contributions under cluster 2, while lower and similar contributions
under other clusters (Fig. S10), which may indicate influence by both local and regional sources.
However, as dust is not an important PM source in the study period, we will not focus on this source.

Additional wind analysis on this factor may distract the reader’s focus.
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Figure S10. Box plot of individual MM-PMF resolved source contributions for different clusters.

71. Lines 287-292: the clusters 3 and 4 could be associated with relatively clean air masses originated
from ocean areas (see Fig. 6). The differences between clusters 3 and 4 are a long-range and a short-
range transportation characterization, respectively. More locally-formed pollutants could be expected
observed within cluster 3 air masses, while more regional pollutants could be linked to cluster 4.
Response to Reviewerl comment No.71: We agree this analysis by the reviewer. Text is added in Lines
328-333.

Lines 328-333: “Four clusters are extracted based on the clustering analysis using the TrajStat model.
Cluster 1 represents air mass originated from northeastern continental region, accounting for 17% of the
toal trajectories. Cluster 2 is the local circulating air mass and account for 36% of the total trajectories.
Cluster 3 (28% of total trajectories) and cluster 4 (20% of total trajectories) represent oceanic air mass
and long-range transport air mass, respectively. Based on the mean trajectory length, more locally-formed
pollutants were expected under clusters 2 and 3, while more regional transported pollutants could be

linked to clusters 4 and 1.”

72. Lines 297-299: Please rewrite this sentence.

Response to Reviewerl comment No.72: The sentence is re-phrased as below.

Lines 368-370: “PM, s concentrations higher than 75 pg/m? and lasting for more than 24 hours were
determined as a PM episode in this study, and three episodes were extracted to examine the source

compositions of PM> 5 during different pollution periods (Fig. 2). ”

73. Lines 299-300: Please revise this sentence for better reading.

Response to Reviewerl comment No.73: The sentence is re-written.
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Lines 370-373: “The first episode (EP1) occurred from 9:00 am on 19 November to 9:00 am on 20
November, 2018. The second episode (EP2) occurred from 7:00 pm on 24 November to 1:00 am on 26
November, 2018. The third episode (EP3) lasted for almost three days starting from 1:00 pm on 27
November to 7:00 am on 30 November, 2018.”

74. Line 312: why the authors used the different HYSPLIT model versions in this paper? It should be
declared in the main text as well.
Response to Reviewerl comment No.74: in the revised manuscript, only one HYSPLIT model (i.e.

TrajStat model) was used.

75. Lines 330-331: do the authors have any evidence to support this statement: “secondary sulfate factor
may also be affected by primary emission of coal combustion.”
Response to Reviewerl comment No.75: considering no further evidence available for the statement,

we have removed this sentence from the main text.

76. Lines 331-333: this sentence can be better improved.

Response to Reviewerl comment No.76: The sentence has been re-written.

Lines 391-392: “EP2 and EP3, under the influence of local-circulating air mass, showed obvious higher
contributions to PM; s from secondary nitrate than EP1 (45-49% vs. 15%) (Fig. 8).”

77. Lines 333-335: give a link (e.g., figure or table) to your results what you are discussing.

Response to Reviewerl comment No.77: suggestion taken, see updates in Lines 384-396.

78. Lines 335-336: a same comment as the above, give a link. In addition, which air mass trajectories are
shorter, to support your statement the dust source is more affected by local and short-distance air mass
transport.”? It can be additionally/more directly helped to check wind dependence of your source factors
(especially for local factors), in addition to air mass analysis.

Response to Reviewerl comment No.78: see response to comment No.70, we have removed the
statement in the main text that “dust source is more affected by local and short-distance air mass
transport”. The revised paragraph about the episodic analysis mainly focus on the major source

contributors.

79. Lines 342-345: very weak evidence from the present study to support this sentence.
Response to Reviewerl comment No.79: the ambiguous statement has been removed from the main

text.

80. Lines 345-346: again, do you have evidence to support this? If yes, please show that.
Response to Reviewerl comment No.80: the ambiguous statement has been removed from the main

text.

81. Line 347: I guess this section might be better moved to methodology section or at beginning of section
3.1. Moreover, I guess it would be also worthful for doing correlations (with R and slope values) of
individual component (e.g., nitrate, sulfate, ammonium, POC, SOC, EC, Ca2+, and K+) between the two
different PMF analysis.
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Response to Reviewerl comment No.81: we have removed this section to Section 3.1.2 as “Impact of
organic markers on source apportionment”.
Actually, the two PMF runs share the same input data set except organic markers. Do you mean the

correlations of the common PMF source factors from two PMF runs (i.e. Table 3)?

82. Lines 357-358: This sentence can be divided into two sentences to address the two different things.
In addition, line 357 is shown -> are shown”; line 358 are show -> are shown.

Response to Reviewerl comment No.82: revised as suggested.

Line 299: “The source profile and error estimation of the eight-factor solution of PMF; are shown in Fig.
S7 and Text S2.

Line 310: “A comparison of individual factor contributions to PM,s and OC between MM-PMF and
PMF: is shown in Fig. 6.”

83. Line 359: Table S7.Compare - >Table S7. Compare

Response to Reviewerl comment No.83: revised.

84. Lines 384-402: I think this conclusion section needs a major revision to highlight the key findings
and further atmospheric implications from the present study, in addition to some technical corrections
what I have listed below.

Response to Reviewerl comment No.84: the whole conclusion section has been revised. The
atmospheric implication of this study has been added.

Lines 418-424: “This study has demonstrated with field observation data that the combination of online
organic molecular markers and online elemental tracers and other PM major components provided more
comprehensive characterization of the PM pollution sources, in particular those dominated by organics
which would be otherwise mixed into other sources and bias source apportioned to these “other sources”.
The hourly resolution in source factor contributions allows convenient utilization of those hourly data
that have been routinely measured or obtained (e.g., meteorological conditions, gas pollutants, and
backward trajectories analysis) to achieve an in-depth understanding of the source origins. The high time
resolution data also has enabled the examination of pollution characteristics of different short-term PM

pollution episodes...”

85. Line 385: a typical city -> a megacity

Response to Reviewerl comment No.85: revised (Line 400).

86. Line 388: what does contribution of secondary pollution sources contribute to?

Response to Reviewer]l comment No.86: This sentence is re-written to improve clarity.

Lines 404-406: “The three secondary sources combined (i.e. sum of the secondary nitrate, secondary
sulfate and SOA factor) contributed to more than 60% of PM» s mass and 48.6% of the total OC.”

87. Line 392: Please rewrite this sentence.

Response to Reviewer]l comment No.87: revised as suggested. See response to previous comment.

88. Lines 400-402: Very common statements, since they are well-known knowledges and have been

reported by many previous studies. As I commented above, the authors would be able to better introduce
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what the key findings/implications supported by the present study.
Response to Reviewerl comment No.88: revised as suggested.

Lines 410-417: “The backward trajectory clustering analysis on the MM-PMF resolved source

contributions revealed the impact of the air mass origins on different source factors. Secondary nitrate

showed much higher contributions under local air mass influence, while secondary sulfate showed higher

contributions under the influence of northeastern continental and long-range transport air mass. Three

episodic events occurred during the measurement period and our analysis showed enhanced contributions

from secondary nitrate and SOA factors in episodic hours. Increased contribution from secondary sulfate

was observed in the episode influenced by northeastern continental air masses. The results indicated that

PM pollution in winter in Shanghai area is greatly affected by both local pollutant emissions and the
regional transport from the northeastern continental regions.”

Comments on figures:
89. Figure 1 should be improved by adding a larger scale map to indicate where Shanghai is located in
China or eastern Asia.

Response to Reviewerl comment No.89: revised as suggested. (Figure 1)

90. Figure 2 and Figure 8 should be merged together by a single figure. There is no need to repeat PM2.5
temporal variations again in the main text. If you wanted to highlight its relation with wind direction,
you can add wind direction in Figure 2.

Response to Reviewerl comment No0.90: suggestion taken. (Figure 2)

91. In figure 3, I think it’s better to draw the time series of those sources with lines than using solid-filled
areas, since we cannot see clearly if there is a missing gap for the sampling.

Response to Reviewerl comment No.91: revised as suggested. (Figure 3)

92. Figure 4: Again, without proving your reasonable PMF analysis using the data from different sites, it
isn’t convinced to accept these quantitative results.
Response to Reviewerl comment No.92: This comment has been addressed in the ""Response: General

comments"

93. Figure 5: why did the authors show two-hour resolution diurnal variations instead of using hourly,
since you have hourly data as mentioned in previous section? I suggest to use hourly.

Response to Reviewerl comment No0.93: The time resolution for major PM components is one hour,
however, the measurement data of organic markers by TAG are only available for every odd hour. we
have updated the statement in the main text.

Lines 98-107: “The operation details and data quality are described in a separate paper (Wang et al.,
2019), and only a brief description will be presented here...It should be noted that with the current TAG
instrument set-up, one hourly sample was collected at every odd hour, thus generating 12 hourly samples
in a 24-h cycle. The post-sampling steps, including in-situ derivatization, thermal desorption, and GC/MS
analysis, took 1.5 h, and the next sampling started concurrently with the GC/MS analysis step, lasting
for a full hour.”

94. Figure 6 and Figure 7: I believe that it can be more visualized to merge the two figures within a single
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one, e.g., different clusters associated with different pie charts.
Response to Reviewerl comment No.94: revised as suggested. The original figures 6 and 7 have been

combined to form the new Figure 7.

95. Figure 9: a same as Figure 4.
Response to Reviewerl comment No0.95: For corresponding comments, please see '"Response:
General comments". (Figure 8).

96. Figure 11: The mass concentrations of those source factors can be also presented here to better
understand the differences between the different PMF analysis methodologies.
Response to Reviewerl comment N0.96: suggestion taken. The mass contributions of the source factors
have been added in the figure, besides the percentage contributions. (Figure 6)
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