We want to thank the reviewers for their helpful comments and suggestions which have
helped to improve our manuscript. We have provided a point by point response to the
comments (see below), and have modified our manuscript accordingly.

Review 1:
General Comments: The manuscript by Su et al. developed a mass closure PM2.5 online
integrated system and characterized the PM2.5 sources and composition in Shenzhen.
One of the major concerns of this study is that, apart from sharing a sampling line, what
is the difference between using them separately and using the sampling system
including aerosol chemical speciation monitor (Aerodyne, ACSM), Aethalometer
(Magee, AE-31), automated multimetals monitor (Cooper Corporation, Xact-625), and
hybrid synchronized ambient particulate real-time analyzer monitor (Thermo Scientific,
SHARP-5030i)? What is the purpose and significance of establishing such a sampling
system given that I already have these instruments? On the other hand, the manuscript
fails to identify the new information and seems to be a report regarding sources and
composition of PM2.5 in a different location and season. Before its publication, the
following comments need to be addressed.
Response: We would like to thank the reviewer for the comments. Regarding the
purpose and significance of this study, we would like to make the following explanation:
First, it is difficult for online instruments to sharing a sampling line, because the flow
rate and measurement principle of the instruments are different. Reducing particulate
matter loss, controlling temperature and humidity during the sampling process is also
important. Therefore, unlike independent sampling, we have spent a lot of effort to
achieve integrated sampling using isokinetic sampling manifold.
Second, as the reviewer mentioned, we already have these instruments. However,
sampling separately cannot achieve PM2.5 mass closure and source analysis, so we tried
to integrate them. The dataset obtained is comparable and more reliable.

Third, the choice of instruments in the integrated system is not involved in other studies.
ACSM was integrated into the new system to measure OM and make PM2.5 mass
closure better.
Last, it is not only a report of source analysis, we used the data of the integrated system
to improve the time resolution of the source analysis results, and resolved the secondary
organic aerosol (SOA) from the total PM2.5 mass by the usage of m/z 44 (a good tracer).
This research had made a demonstration for PM2.5 full component monitoring and
source analysis.
We explained the above content in detail and added it in the manuscript when addressed
the major comments.

Major comments
1. What is the difference between the sampling system and the separate detection by
separate instrument?
Response: In previous studies, separate instruments were widely used to measure the
chemical composition of a certain class, but cannot achieve the quantification of all or
most of PM2.5 mass concentration. Compared with separate instruments, in our study,
the same sampling head was used to collect particles, and then divides into four
monitoring instruments to monitor the corresponding components. The sampling
system aimed to ensure the reliability and comparability of synchronous sampling of
different instruments, reduce the different influence of loss of drainage pipes,
temperature, humidity on different instruments, and output unified PM2.5 component
data that can be directly applied to source analysis.
To illustrate this point, we made the following changes in the original manuscript:
“There are two differences between the new online integrated system and the separate
online instruments. On one hand, the new online integrated system used isokinetic
sampling manifold and the same sampling head to ensure the reliability and

comparability of synchronous sampling among different instruments. On the other hand,
ACSM was integrated into the new system to measure OM and make PM2.5 mass
closure better.” (Line 62-66)
2. What is the uncertainty quantification of chemical species measured by ACSM, AE31
and Xact-625? And what’s the uncertainty quantification of PM2.5? What’s the error
margin of PM2.5 mass closure? What’s the Detection Limit of each species?
Response: We thank the reviewer for this question, we added uncertainty quantification
of each instruments in the supplementary material, and hoped those can give reader a
better idea about the reliability of integrated systems. we also have added the table about
Detection Limit to SI (in Table S1):
“Uncertainty analysis on mass concentrations of integrated system
For Xact-625, the combined uncertainty included contribution from flow (1.5%),
calibration standard uncertainty (5%), long term stability (calculated from the standard
deviation of hourly internal Pd reference, 1.3%), and an element-specific uncertainty
associated with the spectral deconvolution calculated by instrument software for each
spectrum (US-EPA,1999; Tremper et al.,2018). In our study, each of elements was
calibrate individually with a reference sample, the Xact-625 LOD (Limit of detection)
was calculated using HEPA field blank measurements during sampling campaign these
are shown in Table S1.
The uncertainty of ACSM is similar to AMS, as described previously (Allan et al.,2003;
Nga et al., 2011), the overall uncertainty includes uncertainties associated with the Q
(flow), IE (Ionization Efficiencies), RIE (Relative Ionization Efficiencies), and CE
(Collection Efficiency) (Middlebrook et al., 2012; Freney et al., 2019). In which, IE is
the ionization, transmission, and ion detection efficiency of nitrate (typically shortened
as “ionization efficiency”), 10% uncertainty. In this study, the capture vaporizer (CV)
was equipped, compared with a standard vaporizer (SV), to reduce the particle
bouncing effect at vaporizer and the particle bouncing effect at vaporizer and hence
improves the quantitative uncertainties caused by CE (Hu et al., 2017b; Zhang et al.,

2017), the uncertainty in CE is less than 30%. RIE is the ionization efficiency of species
relative to the ionization efficiency of nitrate; for ammonium and sulfate: determined
in routine calibrations (10% uncertainty and 30% uncertainty, respectively); for
organics: determined for various types of organics in previous laboratory experiments
and literature values, an average value is used (20% uncertainty) (Bahreini et al., 2009).
Q is the volumetric sample flow rate into the instrument (<0.5% uncertainty). The
propagated, overall uncertainty for the total ACSM mass concentration is 20%-30%.
For AE-31 and SHARP-5030i, according to instrument manufacturer's test of
instruments, the measurement accuracy is 5%, that is, the measurement error is within
5% of the measured value.
In addition, to guarantee the data quality acquired by the integrated system, relevant
quality assurance and quality control (QA/QC) measures are implemented. The
calibration of sampling flow rate, blank experiment and instrument calibration were
performed periodically to ensure data quality according to relevant national standards.
The sampling flow rate was calibrated every month to ensure the sampling flow
precision was in the range of ±1.5%. The blank experiment and instrument calibration
were conducted every two months.”
“Table S1. The concentrations and detection limit of PM2.5 and chemical species during
the sampling campaign.”
Species
Organic (µg m-3)
Inorganic ions (µg m-3)

OM
SO42NO3NH4+
ClBC
-3
Trace elements (ng m ) Si
K
Ca
Ti
V
Cr

Average
concentration
14.1
8.6
1.8
3.8
0.1
2.1
380.6
443.9
103.0
14.4
3.2
2.9

Standard
deviation
7.4
3.3
1.9
1.7
0.07
1.0
185.0
269.1
53.8
8.2
2.3
2.0

Detection
Limit
0.3
0.4
0.2
0.5
0.2
0.1
17.8
1.17
0.3
0.16
0.12
0.12

Mn
Fe
Co
Ni
Cu
Zn
As
Se
Mo
Cd
Sn
Sb
Ba
Hg
Pb

24.3
288.7
0.03
2.9
11.3
102.2
5.8
2.2
0.5
7.3
19.8
28.0
3.9
1.9
18.6

13.0
132.2
0.1
1.3
7.7
60.9
4.7
1.2
0.5
3.2
8.3
10.2
7.4
0.7
9.5

0.14
0.17
0.14
0.1
0.079
0.067
0.063
0.081
0.1
2.5
4.1
5.2
0.39
0.12
0.13

The integrated system has a small error margin of mass closure, which is one of the
advantages of the system. We explained in the manuscript:
“The average error margin of mass closure during the observation period is about 6%,
which might be due to the measurement error of the integrated instruments, particle
composition, temperature and relative humidity (Su et al., 2018; Zhang et al., 2017).”
(Line 227-228).

3. More needs to be listed to support source apportionment results. For example, please
make clear that Chl shows dominated contribution to coal combustion factor while
negligible fraction in biomass burning. Besides the high mass loading of K in factor 6,
is there any other evidences to support that factor6 is related to the biomass burning?
In addition, the factor related coal combustion shows 3 peaks during daytime. Please
explain this.
Response: Thank you for your questions about coal and biomass burning, which
reminded us to think deeply about these two sources. Cl⁻ in PM2.5 originates mainly
from ammonium chloride, which is formed by the rapid combination of HCl and

ammonia in the atmosphere. In China, a country with huge coal-consumption, the
biggest potential source of HCl is coal burning (Yudovich and Ketris, 2006; Wang et
al., 2015). Huang et al. (2018) found that the concentration distribution of Cl- in the
Pearl River Delta is consistent with the distribution of coal-fired power plants in the
source list. The factor also had some mass contributions from SO42⁻, NO3-, and EC,
further confirming that it was from coal burning (Zheng et al.,2013).
Factor 6 was identified as biomass combustion not only because that K is a tracer for
biomass burning, but also for the following reasons. First, the factor had a large part of
mass contribution of OM, and biomass burning is a significant source of PM2.5 and
major organic carbon in China (Akagi et al. 2011). Second, the factor had a certain
amount of Zn, open-air biomass burning often mixes with garbage burning in Chinese
rural areas. The smoke of garbage-burning emission might contain Zn (Zou et al.,2017).
Third, according to previous study about source inventory surveys, particulate matter
emitted from biomass combustion usually contains a certain amount of Ca (Ma et al.,
2015). Besides, as Fig.8 shown, biomass burning has a high contribution from north
and south-west, which is in agreement with the distribution of fire points in Guangdong
(Fig.S6), it can be clearly seen that Shenzhen surrounding areas present a high-density
fire point distribution, indicating frequent occurrence of biomass burning. The activities
of biomass burning often occurs during the daytime, that is the reason why biomass
burning had a trend of high day concentration and low night-time (Fig.7). Therefore,
we think that factor 6 can be identified as biomass combustion.
The daily variation of coal burning sources derived from Cl- is consistent (Fig S7.), and
there is a peak around 9:00 in the morning. It might because the temperature starts to
rise in the morning and the vertical air convection activity is strengthened, bringing the
pollutants transmitted by overhead sources to the near ground. As for the other two
peaks, we found that it was the abnormally high contribution of coal-burning around
14:00 on September 25, so there might be local source that caused the peak of the
diurnal variations. The spike around 22:00 was mainly because of China’s National Day
on October 1, there were displays of fireworks from September 25 to October 1 at 3

playgrounds 10 km away from sampling site. Previous study has shown that the
concentration of species (e.g. K, Ca, Cl-, NO3-) in the PM2.5 would have greatly increase
due to the fireworks (Tsai et al., 2012).
We also added more specifically state the sources in manuscript:
“Factor 4 was associated with coal burning due to the high EV value of Cl-, which is
formed by the rapid combination of HCl and ammonia in the atmosphere, and the
potential source of HCl is coal burning in China (Yudovich and Ketris, 2006; Wang et
al., 2015), and the concentration distribution of Cl- in the Pearl River Delta was
consistent with the distribution of coal-fired power plants in the source list (Huang et
al., 2018). This factor also had some mass contributions from SO42⁻, NO3-, and EC,
further confirming that it was from coal burning (Zheng et al.,2013).” (Line 289-293)
“Factor 6 has a high loading of K and a certain of OM and BC. K has been used as a
clear tracer for biomass burning (Yamasoe et al., 2000; Sillapapiromsuk et al., 2013).
Biomass burning is a significant source of PM2.5 and organic matter in China (Akagi et
al., 2011). The Zn contained in this factor might be related to garbage-burning (Yuan et
al., 2006). Besides, biomass burning has a high contribution from north and south-west
(Fig. 8), which is consistent with the distribution of fire points in Guangdong (Fig.S8).
The activities of biomass burning often occurs during the daytime, which consisted with
the diurnal pattern of biomass burning that high day concentration and low night-time
(Fig. 7).” (Line 297-302)
“The daily variation of coal burning and Cl- was consistent (Fig S7), and there is a peak
around 9:00 in the morning. It might because the temperature starts to rise in the
morning and the vertical air convection activity is strengthened, bringing the pollutants
transmitted by overhead sources to the near ground. The spike around 22:00 was mainly
because of firework shows during September 25 to October 1. The peak around 14:00
mainly came from local sources on September 25.” (Line 361-364)

Figure S6. Spatial distribution of fire points in Guangdong (divided into day and night)
during observation (the five-pointed star was used to represent sampling site).
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Figure S7. Diurnal variation of the Cl- during the observation.
4. Although there is tight correlation between reconstructed and measured PM2.5, what
are the reasons caused the underestimation in 10/20 and overestimation in 10/3? Please
elaborate.
Response: In the process of sampling, we tried our best to do a good job in quality
control and guarantee. However, PM2.5 monitor instruments of different principles can
be overestimated and underestimated for PM2.5 (Su et al., 2018; Zhang et al., 2017;
Budisulistiorini et al., 2014), so are the reconstruction and measurement (Ji et al., 2018).
We think it's almost inevitable, the possible reasons are as follows, the measurement
error of the integrated instruments, particle composition, temperature and relative
humidity and so on. In our study, the deviation between the reconstructed and measured
PM2.5 form a normal distribution, ranging from -30% to +30%. On the whole, the
correlation is tight and the slope is close to 1, which indicates that the data is relatively
reasonable.
As the reviewer pointed out that the fitting problem of October 3 and October 20, we
think it may be related to the temperature. The temperature on October 3 is the highest
during the observation period, and at October 20, the temperature is at a relatively low
level. The temperature has different effects on SHARP-5030i and integrated
instruments, which results in different fitting effects to a certain extent. Of course, there

may be other reasons just as mentioned above.
We also pointed out the reasons caused the underestimation in the manuscript:
“The average error margin of mass closure during the observation period is about 6%,
which might be due to the measurement error of the integrated instruments, particle
composition, temperature and relative humidity (Su et al., 2018; Zhang et al., 2017). A
significant mass discrepancy between reconstructed and measured PM2.5 appeared in
some periods (Fig. 2a). For example, the underestimation on October 3 and the
overestimation on October 20 occurred when the temperature was the highest and the
lowest during the observation period, respectively. Therefore, it was speculated that
temperature might affect the composition of PM2.5, causing the mass closure to deviate.”
(Line 227-232)
5. What ACSM is used in your manuscript? Q-ACSM or ToF-ACSM? Did you measure
the PM1 species in this study (based on the reference of Nga et al., 2011)? if so, how
about the gap of chemical species between the PM1 and PM2.5? Please mention it here.
Also, more details in concentration and composition of PM species need to be shown
wherever in the main text or the supplementary.
Response: We are sorry for not describing it clearly, PM2.5-Q-ACSM was used and the
PM1 species was not be measured in this study. But, the performance of PM2.5-Q-ACSM
have been fully evaluated in both laboratory and field studies (Hu et al., 2017a; Xu et
al.,2017). The gap of chemical species between PM2.5-Q-ACSM and PM1-Q-ACSM
also has been analyzed in previous study: the comparisons between the two Q-ACSMs
illustrated similar temporal variations in all non-refractory (NR) species between PM1
and PM2.5(r2>0.9); one average, NR-PM1-2.5 contributed 53% of the total NR-PM2.5, the
ratios of [NR-PM1]/[NR-PM2.5] varied among different species. In particular, nitrate
and chloride showed much higher [NR-PM1]/[NR-PM2.5] ratios compared with other
species (Zhang et al.,2017).
In the manuscript, we present the time series stack diagrams of several classes of
components (Fig. 2(a)) and the proportions of all components (Fig. 3), and describe

them in main text (Line 214-220). In addition, we supplement the concentration and
relative standard deviation of each component in SI (Table S1). To clarify this question,
we have modified the description of the ACSM in the manuscript.
“PM2.5-capable Q-ACSM was selected for monitoring the mass concentrations of
ambient OM, SO42-, NO3-, NH4+, and Cl- in non-refractory PM2.5. The PM2.5-Q-ACSM
equipped with a PM2.5 lens and capture vaporizer (CV), and can detect approximately
90% of PM2.5 particles (Hu et al., 2017; Xu et al.,2017; Zhang et al., 2017)” (Line 9597)
6. The frequency of data is negligible at PM2.5 > 80µg/m3 in Fig.6. In my view point,
there might be a significant uncertainty in fraction of composition when PM levels are
low. The authors need to address such uncertainties in the revised manuscript.
Response: Thank you for pointing it out. During our observation period, the proportion
of data that PM2.5>80µg/m3 is only 1.3%, so we combined the data that PM2.5 > 80
µg/m3 into the concentrations of 70-80 µg/m3. Fig. 6(b) has been revised.

Figure 6. Average contributions of each source to PM2.5(a). Variation in the proportion
of sources in PM2.5 during the observation period. The white curve represents the
occurrence probability of the PM2.5 concentration (b). (Line 335)
The uncertainties of PM2.5 and their compositions have been clarified in the secondary
question and added into SI, when PM level were below the detection limit, we use the
half detection limit (DL) instead the concentration, and their uncertainties was set as
5/6 DL when source resolution was calculated. Please see lines 171-174.

7. Line 31: “PM2.5 is currently a serious problem” is not suitable expression
Response: Thank you for this comment. The sentence was not clear enough and could
be misunderstood. Therefore, we changed it to: “PM2.5 is a long-term problem in some
cities or regions.” (Line 31)
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