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To Editors and Anonymous Referee #3:

Dear editors and reviewers:

Thank you very much for dedicating time to reviewing the manuscript and providing us

the important comments and suggestions on our study. We have learned a lot from Printer-friendly version

your advice and made great efforts to improve the manuscript accordingly. A carefully

point by point response to your comments has been listed below which we hope meet Discussion paper

with approval. The revised details can be referred to the new version of the manuscript
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The paper written by Chen et al., performed the continuous measurements of par-
ticles and trace gases in Nanjing during cold seasons. Although the interaction of
atmospheric components (e.g., trace gases, aerosols) and meteorological conditions
has been analyzed, the originality should be addressed especially in abstract before
publication. Besides, the paper still suffered from many minor flaws throughout the
manuscript. Thus, | suggest this paper could be published after revising the minor
errors.

The detailed suggestions are as follows:

1. It was well documented that the air pollutants were closely linked to the weather
system and meteorological conditions. (Line 32) The author only revealed the impor-
tant effects of weather system and human activities on the environment in the YRD
region, which has been investigated by many previous studies. The originality was not
addressed in the manuscript. In my opinion, the abstract should be rewritten to stress
the new contribution of this paper to atmospheric chemistry rather than reporting the
pollution level simply.

R:

We sincerely thanks for your comments. In the revised manuscript, the authors stress
the originality of the study.

1. Indeed, some researches on the air pollutants related to weather system and hu-
man activities have been carried out in most sites of YRD recently. However, previous
studies using observation data in Nanjing often concentrated on characteristics of one
of the particles, such as BC and carbonaceous aerosols (e.g., Zhuang et al., 2014),
or PMs (e.g., Deng et al., 2011; Shen et al., 2014), or ozone and its precursors (e.g.,
Tu et al., 2007; Wang et al., 2008; An et al., 2015). Thus, it is necessary to achieve
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a relatively comprehensive understanding of the air pollution problem directly through
analysis of various species. In addition, most of them described the temporal and spa-
tial distributions of concentrations, and the influence of meteorological effects. In this
study, discussion of aerosols characteristics, especially particles, is not limited to the
concentrations but taking optical properties into consideration as well. Moreover, most
of them lay less emphasis on the inter-species correlations and the combined effects of
more than one pollutant, especially the possible underlying chemical progress, during
severe pollution episodes except Ding et al. (2013b), who described the characteris-
tics of O3 and PM2.5 with near-surface observation data in rural area of Nanjing. As
implied in Zhang et al. (2012), aerosols are complicated in compositions and spatial
distributions especially in fast developing regions with intense human activities (such
as Nanjing). Thus, differences of the aerosol characteristics, for instance, concentra-
tions as well as optical properties, might exist to degrees among the sites located in
different parts of Nanjing with different land use. Additionally, a better understanding
of spatial and temporal variations of pollutants can contribute to the adoption of effec-
tive measures to reduce air pollution on the urban scale. Therefore, it's necessary to
investigate the characteristics of air pollutants in urban area of west YRD.

2. To make a better insight of the correlation and interaction between particles and
ozone (the two main pollutants) through observation data, this study further identifies
the influence of associated affecting factors, including UV radiation, temperature, and
precursor’s concentrations on the interaction (Section 3.3). Most of previous studies
present the findings from various numerical models (e.g., Li et al., 2005; Bian et al.,
2007; Deng et al., 2010; Li et al., 2011; Li et al., 2018, etc.). However, only a few
studies discussed the correlation based on observation. In Nanjing, Ding et al. (2013b)
described a correlation between PM2.5 and O3. But only temperature is regarded
as an affecting factor. Thus, it is believed that our study would contribute to a more
comprehensive understanding of the underlying mechanisms from observation.

3. Back to the site, the site is located in the city center, one of the highly residential
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areas of Nanjing, with concentrated human activities with residential areas, schools,
institutions and business districts, and the main road of urban transportation around.
Therefore, the results could suggest the characteristics and interactions of pollutants
in the urban region very well. Also, the results could further imply the effects of the
urban underlying surface and human activities to degrees. Besides, as a typical urban
area, the results in this study would probably bring new knowledge of aerosol charac-
teristics, like the pollution level variation in different years and different regions through
comparison with previous studies based on observation and numerical simulations.

Overall, this manuscript presents more comprehensive, systematic and deeper anal-
ysis on main pollutants like particles and ozone in urban area of west YRD. Results
further indicate the characteristics of the particles and trace gases and reveal the pos-
sible chemistry process and interactions among different species and meteorological
variables in west YRD. And they are also advantageous to improve the understanding
of the detailed variations (seasonal, monthly, and diurnal) and its effects in east regions
of China.

According to your comments, questions and suggestions, not only the abstract, but
the introduction, discussion and conclusion have also been rephrased carefully. The
originality (listed above) and finding(s) of this study have been refined in better ways of
expression. Details can be found in the revised manuscript.

References:

Zhuang, B. L., Wang, T. J., Liu, J., Li, S., Xie, M., Han, Y., Chen, P. L., Hu, Q. D,,
Yang, X. Q., Fu, C. B., Zhu, J. L.: Continuous measurement of black carbon aerosol
in urban Nanjing of Yangtze River Delta, China. Atmospheric Environment, 2014,
89(Complete):415-424.

Deng, J. J., Wang, T. J., Jiang, Z. Q., Xie, M., Zhang, R. J., Huang, X. X., Zhu, J. L.:
Characterization of visibility and its affecting factors over Nanjing, China. Atmospheric
Research, 2011, 101(3), 0-691.
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Shen, G. F, Yuan, S. Y, Xie, Y. N, Xia, S. J,, Li, L., Yao, Y. K., Qiao, Y. Z., Zhang, J.,
Zhao, Q.Y., Ding, A. J.: Ambient levels and temporal variations of PM2.5 and PM10 at
a residential site in the mega-city, Nanjing, in the western Yangtze River Delta, China.
J. Environ. Sci. Health Part A, 2014, 49(2), 171-178.

Tu, J., Xia, Z. G., Wang, H. S., Li, W. Q.: Temporal variations in surface ozone and its
precursors and meteorological effects at an urban site in China, Atmos. Res., 2007,
85(3-4), 310-337.

Wang, W., Ren, L., Zhang, Y., Chen, J., Liu, H., Bao, L., Shao, F, Tang, D.: Aircraft
measurements of gaseous pollutants and particulate matter over Pearl River Delta in
China. Atmos. Environ. 2008, 42(25), 6187-6202.

An, J., Zou, J., Wang, J., Lin, X., Zhu, B.: Differences in ozone photochemical charac-
teristics between the megacity Nanjing and its suburban surroundings, Yangtze River
Delta, China. Environ. Sci. Pollut. Res., 2015, 22(24), 19607-19617.

Ding, A. J,, Fu, C. B, Yang, X. Q., Sun, J. N., Zheng, L. F, Xie, Y. N., Herrmann, E.,
Nie, W., Petaja, T., Kerminen, V. -M., and Kulmala, M.: Ozone and fine particle in the
western Yangtze River Delta: an overview of 1 yr data at the SORPEs station, Atmos.
Chem. Phys., 2013, 13, 5813-5830.

Zhang, X. Y., Wang, Y. Q., Niu, T., Zhang, X. C., Gong, S. L., Zhang, Y. M., and
Sun, J. Y.: Atmospheric aerosol compositions in China: Spatial/temporal variability,
chemical signature, regional haze distribution and comparisons with global aerosols,
Atmos. Chem. Phys., 12, 779-799, doi:10.5194/acp-12-779-2012, 2012.

Li, G. H., Zhang, R.Y., Fan, J. W.: Impacts of black carbon aerosol on photolysis and
ozone. Journal of Geophysical Research., 2005, 110(D23).

Bian, H., Han, S., Tie, X., Sun, M., Liu, A.: Evidence of impact of aerosols on surface
ozone concentration in Tianjin, China. Atmospheric Environment, 2007, 41(22), 4672-
4681.
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Deng, J., Wang, T., Liu, L., Jiang, F.: Modeling heterogeneous chemical processes on
aerosol surface. Particuology, 2010, 8(4):308-318.

Li, J., Wang, Z., Wang, X., Yamaji, K., Takigawa, M., Kanaya, Y., Pochanart, P, Liu,
Y., Irie, H., Hu, B., Tanimoto, H., Akimoto, H.: Impacts of aerosols on summertime
tropospheric photolysis frequencies and photochemistry over Central Eastern China.
Atmospheric Environment, 2011, 45(10):1817-1829.Li, M., Wang, T., Xie, M., Li, S.,
Zhuang, B., Chen, P. (2018).: Agricultural fire impacts on ozone photochemistry over
the Yangtze River Delta region, East China. Journal of Geophysical Research: Atmo-
spheres, 2018123. https://doi.org/10.1029/2018JD028582.

Li, M., Wang, T., Xie, M., Li, S., Zhuang, B., Chen, P.: Impacts of aerosol-radiation
feedback on local air quality during a severe haze episode in Nanjing megacity, eastern
China, Tellus B: Chemical and Physical Meteorology, 2017, 69(1):1339548.

2. Line 71, the author said observation-based studies of particles were relatively lim-
ited. | think it was very subjective because there were hundreds of observation-based
studies about the aerosol particles in the past decades. Meanwhile, in line 75, the au-
thor said there were only very limited studies of O3 in the urban of YRD. Actually, the
O3 concentration has been widely monitored in YRD because it was one of the most
important gaseous pollutants in YRD. | think the author should review a large amount
of papers before writing this paper.

R:
Thanks for your suggestions. We have reviewed more papers and refined the expres-

sion in the introduction, making it more integrated. More details could be found in the
revised version.

3. Line 108-112, the author should highlight the objective of the present study. In
addition, the sentence between line 110 and line 112 should be replaced by the envi-
ronmental implication of the research.
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R:

Thank you for your advice. The sentences have been rewritten to highlight the objective
of our study, and readers can find more details in the revised manuscript. Generally
speaking, the emphasis of our objective is to improve the insight in the characteristics,
interactions of main pollutants, and the influence of integrated meteorology variables
based on the observation data at an urban site above ground, and further investigate
the possible underlying reasons and mechanisms, which is also helpful to achieve a
thorough understanding of particles and trace gases pollution in these polluted areas
by just using the conventional observations

The detailed environmental implication of the research could be concluded as follows.

1. An in-depth discussion on particles variations is performed, not limited to the con-
centrations but taking optical properties into consideration as well, to quantify the pol-
luted level in detail to receive an overview of the inter-annual variations in the urban
region.

2. A detailed description of O3 variations can also be found in our study, including
the analysis of the main precursors as trace gases (NOx, NOy and CO), to have a
general and quantitative insight in O3 pollution situations. Both of the pollutants are
analyzed considering the effects of meteorology variables including but not limited to
precipitation and temperature.

3. Analysis of inter-species correlations gives a relatively thorough overview of the
interactions among various species, for instance, O3 and particles (BC and PM2.5),
03 and precursors (NOx and CO), and particles (BC and PM2.5) and precursors (NOx
and CO). For a better insight, this study further identifies the influence of associated
affecting factors on the interaction, such as UV radiation and temperature. Deduction
of the underlying chemical mechanisms and process based on the results and previous
studies is also presented in our study.
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4. Backward trajectories analysis is conducted for improving the knowledge of
regional/sub-regional transport process in urban Nanjing. Discussion of pollutants in
different clusters suggests main transport progress in each season and the effects of
air masses coming from various regions.

5. A case study for high particles and O3 episode is implemented to emphasize the
integrated influence of meteorology fields on regional air pollution.

4. Line 123, the instruments used to monitor the gaseous pollutants such as O3 should
be added in the methods. Additionally, NOy generally consisted of a large of N-bearing
gaseous pollutants. The detailed NOy species should be introduced in this part.

R:

Thank you for your suggestions. In the revised version, the detailed description of
instruments measuring trace gases (CO, NOx, NOy and O3) and the measurement of
NOy species (where NOy = NO + NO2 + PAN + HNO3 + NO3- + N205 + HONO +
organic nitrates, etc.) has been added in the Section 2.1.

5. Line 263-264, the author did not show the variation trend of BC, PM10, and PM2.5.
Furthermore, how do you know the sources of these pollutants shared the similar
sources? The relevant references were also missing. Line 265, what does transport
emission mean?

R:

Thanks for your questions. We agree with you that the statement of the similar pattern
without the variation trend is not acceptable enough, thus, the expression has been
rephrased to be more precise in the revised manuscript.

Chow et al. (2011) reported a wide range of EC and OC abundances (highly correlated
with BC) in PM2.5 source profiles, which represented the same source type. Zhuang et
al. (2014) also reported same emission sources for BC and PM2.5 in Nanjing based on
the well-correlated relationship, which is also found in this study (R=0.75). Wang et al.
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(2008) suggested that the major constituents of PM2.5 were black carbon (BC), cluster
elements, nitrates, ammonium salts, and sulfates based on the long-term monitoring
data, and PM2.5 and PM10 share various common sources, i.e., soil dust, coal com-
bustion, industrial emission, and biomass burning in Beijing. Schlemicher et al. (2013)
also reported quite similar main sources for both particle size classes. Moreover, it is
found in Gong et al. (2013) that PM2.5 is one of the major contributors to PM10 with a
good correlation in Wuhan, especially when the concentration of PM10 is not extremely
high. Thus, we assume that these pollutants possibly shared the similar sources.

Relevant references have been added in the revised manuscript. As for the second
question, the sentence has been rewritten to be clearer.

References:

Chow, J. C., Watson, J. G., Lowenthal, D. H., Chen, L.-W. A., Motallebi, N.: PM2.5
source profiles for black and organic carbon emission inventories. Atmospheric Envi-
ronment, 2011, 45(31): 5407-5414.

Zhuang, B. L., Wang, T. J., Liu, J., Li, S., Xie, M., Han, Y., Chen, P. L., Hu, Q. D,,
Yang, X. Q., Fu, C. B., Zhu, J. L.: Continuous measurement of black carbon aerosol
in urban Nanjing of Yangtze River Delta, China. Atmospheric Environment, 2014,
89(Complete):415-424.

Wang, H.L., Zhuang, Y.H., Wang, Y., Sun, Y.L., Yuan, H., Zhuang, G.S., Hao, Z. P.:
Long-term monitoring and source apportionment of PM 2.5/PM 10 in Beijing, China.
Journal of Environmental Sciences, 2008, 20(11): 1323-1327.

Schleicher, N., Cen, K., Norra, S.: Daily variations of black carbon and element con-
centrations of atmospheric particles in the Beijing megacity — Part 1: General temporal
course and source identification. Chemie der Erde - Geochemistry, 2013, 73(1):51-60.

Gong, W., Zhang, T.H., Zhu, Z.M., Ma, Y.Y, Ma, X., Wang, W.: Characteristics of PM1.0,
PM2.5 and PM10 and their relation to black carbon in Wuhan, central China. Atmo-
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sphere, 2015, 6(9): 1377-1387.

6. Line 272-274, the author said the high loadings of particulate matter in early October
was mainly due to the increase in aerosol concentrations with high scatter coefficient
(SC). | do not understand the association between PM concentration and the aerosol
concentrations with high SC. Please explain the reasons in details.

R:

Thanks again for your advice. The high concentrations of PMs in early October are
possibly resulted from the increase in scattering aerosols. First of all, scatter coeffi-
cient is high during that period. Besides, BC, as one of typical absorbing aerosols,
does not show such peak in concentrations during that period. The statement has
been rephrased and corresponding reasons have also been discussed in the revised
manuscript.

7. Line 284-286, Nanjing is located in Southeast China. The combustion of fossil fuels
for domestic heating is not common in the winter of Nanjing. | do not understand why
the increased anthropogenic emission of fossil fuels in the winter of Nanjing contributed
to the high aerosol loadings.

R:

Thanks for your question. Here in our study, anthropogenic particle emissions from
fossil fuel are not limited to those for domestic heating. First, though the combustion of
fossil fuels for domestic heating is not common in Nanjing to some degree, the emission
rates indeed increase in winter in YRD are higher (Zhuang et al., 2018; Li et al., 2017).
Besides, burning of crop residues during autumn harvest could also contribute to the
high aerosol concentrations to some degrees (Qian et al., 2014). Although it has been
strictly controlled in China, the influence of crop residues burning still exist and cannot
be ignored (e.g., Wang and Zhang, 2008; Zhu et al., 2010; Ni et al., 2015; Mehmood
et al., 2018, etc.). Additionally, sub-regional transport also plays an important role, for
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example, in winter, air masses coming from North China Plain where emission rates
from fossil fuels of domestic heating are high, account for 31% and have high particles
concentrations (Section 3.4). More details have been added in the revised manuscript.

References:

Zhuang, B. L, Li, S., Wang, T. J., Liu, J., Chen, H. M., Chen, P. L., Li, M. M., Xie,
M.: Interaction between the Black Carbon Aerosol Warming Effect and East Asian
Monsoon Using RegCM4. Journal of Climate, 2018, 31(22):9367-9388.

Li, M., Zhang, Q., Kurokawa, J., Woo, J.-H., He, K. B., Lu, Z. F, Ohara, T., Song, Y.,
Streets, D. G., Carmichael, G. R., Cheng, Y. F.,, Hong, C. P, Huo, H., Jiang, X. J., Kang,
S, Liu, F, Su, H., Zheng, B.: MIX: a mosaic Asian anthropogenic emission inventory
under the international collaboration framework of the MICS-Asia and HTAP, Atmos.
Chem. Phys., 2017, 17, 935-963.

Qian, L., Yan, Y., Qian, J.M.: An Observational Study on Physical and Optical Proper-
ties of Atmospheric Aerosol in Autumn in Nanjing. Meteorological and Environmental
Research 2014, 5(2): 24iijm30.

Wang, S., Zhang, C.: Spatial and temporal distribution of air pollutant emissions from
open burning of crop residues in China. Science Paper Online, 2008, 3: 329-333.

Zhu, B., Su, J. F, Han, Z. W., Yin, C., Wang, T.: Analysis of a serious air pollution
event resulting from crop residue burning over Nanjing and surrounding regions. China
Environmental Science, 2010, 30(5):585-592.

Ni, H., Han, Y., Cao, J., Chen, L-W. A., Tian, J., Wang, X. L., Chow, J. C., Watson, J.
G., Wang, Q., Wang, P, Li, H., Huang, R.: Emission characteristics of carbonaceous
particles and trace gases from open burning of crop residues in China. Atmospheric
Environment., 2015, 123: 399-406.

Mehmood, K., Chang, S., Yu, S., Wang, L., Li, P, Li, Z., Liu, W., Rosenfield, D., Se-
infeld, J.: Spatial and temporal distributions of air pollutant emissions from open crop
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straw and biomass burnings in China from 2002 to 2016. Environmental Chemistry
Letters, 2018, 16(1):301-309.

8. Line 294, the diurnal variation of BC concentration was generally associated with the
vehicle volume. | am very curious about the higher BC levels during 8-11 pm. | think
Nanjing showed the higher vehicle volume during 5-8 pm. The author should explain
the unusual characteristics.

R:

Thank you for your question and suggestion. Considering a higher vehicle volume
during 5~ 8 pm, the peak occurs during 9~11 pm is probably related to a more stable
atmosphere stratification and a lower planetary boundary layer (PBL) after around 4
pm when the temperature decreases (Qian et al., 2014, Chen et al., 2016), both of
which would result the accumulation of BC levels, thus the lag of the peak.

References:

Qian, L., Yan, Y., and Qian, J.M.: An Observational Study on Physical and Optical Prop-
erties of Atmospheric Aerosol in Autumn in Nanjing. Meteorological and Environmental
Research 2014, 5(2): 24iijm30

Chen, T., He, J., Lu, X., She, J., G, Z.: Spatial and temporal variations of PM2.5 and
its relation to meteorological factors in the urban area of Nanjing, China. International
Journal of Environmental Research and Public Health, 2016, 13(9), 921.

9. Line 336, the author inferred that the BC and CO in the atmosphere were mainly
originated from biomass burning. The fire point data should be added to demonstrate
the potential source of BC and CO.

R:

Thanks for your comments. A remarkable correlation between BC and CO was found
in a number of studies (Jennings et al., 1996; Derwent et al., 2001; Badarinath et
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al.,, 2007; Spackman et al., 2008; Zhuang et al., 2014). Additionally, BC is mostly
produced by the incomplete combustion of carbonaceous material, and so is CO (Pan
et al., 2011). Therefore, both BC and CO might come from the same sources.

BC in Nanjing might mostly come from combustions of domestic bio-fuel, industry-coal,
and vehicle-gasoline (Zhuang et al., 2014; Cheng et al., 2017), instead of biomass
burning only. And during the autumn harvest (September~ November), though not so
much as that in summer, the crop burning emissions still make contribution to pollutants
(e.g., Qian et al., 2014; Yang et al., 2008; Yin et al., 2016, etc.). Moreover, in Yin et
al.2016, spatial distribution of crop residue burning spots number from September to
December in 2015 deriving from MODIS data shows that autumn crop residue burning
has started in October in YRD, and could cause a rise in pollutants. According to
Huang et al. (2012) and Li et al. (2016), spatiotemporal distribution of agricultural
fire occurrences in China during 2003~ 2010 as well as 2012 has been presented
associated with the spatial distribution of CO emission from residue open burning.
Both of them suggested the crop residue burning in autumn is noteworthy and Jiangsu
as well as the surrounding provinces including Henan, Shandong, and Anhui are the
regions with highest emissions. The problems of writings might mislead the readers,
for example, the explanation is probably not comprehensive enough to degrees. The
sentences have been rephrased in the current version.

References:

Jennings, S. G., Spain, T. G., Doddridge, B. G., Maring, H., Kelly,B. P., Hansen, A. D.
A.: Concurrent measurements of black carbon aerosol and carbon monoxide at Mace
Head, J. Geophys. Res.-Atmos., 1996, 101(D14), 19447-19454.

Derwent, R. G., Ryall, D. B., Jennings, S. G., Spain, T. G., and Simmonds, P. G.: Black
carbon aerosol and carbon monoxide in European regionally polluted air masses at
Mace Head, Ireland during 1995—-1998, Atmos. Environ., 2001, 35(36), 6371-6378.

Badarinath, K. V. S., Kharol, S. K., Chand, T. R. K., Parvathi, Y. G., Anasuya, T., Jyoth-
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sna, A. N.: Variations in black carbon aerosol, carbon monoxide and ozone over an
urban area of Hyderabad, India, during the forest fire season, Atmos. Res., 2007,
85(1), 18—26.

Spackman, J. R., Schwarz, J. P, Gao, R. S., Watts, L. A., Thomson, D. S., Fahey, D.
W., Holloway, J. S., de Gouw, J. A., Trainer, M., and Ryerson, T. B.: Empirical corre-
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10. Line 495-496, what does the sentence mean? The author should point out the
relationship between CO and ozone production.

R:

Thank you for your question and advice. The sentences have been rephrased. A
more detailed and in-depth discussion about the relationship between CO and ozone
production has been included in the revised manuscript.

11. The conclusion should be condensed and stress the new contribution to the atmo-
spheric chemistry.

R:

Thanks for your suggestion. Conclusion has been rephrased significantly and short-
ened necessarily and it’s believed that the revised version is much more readable. The
readers would more easily grasp the useful information of the results. In the revised
version, the authors highlight the contributions to the atmospheric chemistry, espe-
cially deduction of the underlying chemical mechanisms based on the results of our
study and previous studies through inter-species correlations analysis.

12. There are many grammar and format errors throughout the paper. | suggest the
author should revise all of these minor flaws from words to words carefully.

R:
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Thanks a lot for figuring out the problems of the manuscript’s writings. The manuscript
has been rephrased to be clearer. And it’s also corrected carefully by Professor J. ACPD
Liu, who is from University of Toronto and also is a co-author of this study with great

contributions.
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