Response to comments

Reviewer: 1

Comments:

This study measures the mixing state and atmospheric chemical processes of Pb-rich
particles in Beijing were monitored using a single particle acrosol mass spectrometry
(SPAMS) during 2019. The results showed the number fractions of Pb-rich particles,
as well as two types of Pb-rich particles (K-Na-EC and K-OC) related to coal
combustion during heating period, show lower than those after the heating period.
Based on concentration-weighted trajectory plots, the results indicate that lead
aerosols mainly derive from the transmission of surrounding provinces. Due to the
decomposition of nitrate during high temperatures, the aqueous reactions mechanism
contributes more to the formation of lead nitrate in summer. This study can improve
our understanding of the seasonal distribution, formation mechanisms, and
influencing factors of toxic Pb-containing particles after CTG. However, some critical
information is missing, several issues need to be revised. I recommend the manuscript

be revised before being accepted for publication.

Thanks for the positive comments on our manuscript. We would also like to
thank the reviewer for carefully reviewing the manuscript and providing valuable

comments. We have addressed the specific comments in the following text.

1. Introduction section. Lines 63-72, the authors summarize the literature related to
the application of SPMAS to the mixing state, sources, and atmospheric evolutionary
processes of Pb. What are the key information in these studies, and please provide a
brief description, which will benefit the reader in recognizing the practical

applications of SMPAS to relevant scientific problems.

We agree with the comment. A brief description of the key information from
these studies "More recently, mass spectrometry-based online techniques such
single-particle mass spectrometer (SPMS)(Lu et al., 2019) have been favoured.
Although these techniques are typically not quantitative, they provide information on
the sources and mixing state of Pb in real time. This information is critical to
understanding the atmospheric transport and aging processes of Pb. Lu et al. (2019)
analyzed the mixed state of Pb-containing particles monitored by SPMS and found
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that the sources of particulate Pb in Guangzhou, China include coal combustion,
waste incineration, vehicle exhaust, industrial process, and dust. Moffet et al. (2008)
used a SPMS to monitor the diurnal variation characteristics of Zn or Pb single
particles in industrial areas in Mexico, and found that Zn or Pb chloride convert to
metal nitrate began each day at ~7 am." has been added to the revised manuscript.

Please refer to Lines 67-74 of the revised manuscript.

2. Whether a dehumidifier is added to the air inlet of the aerosol instrument during

the collection period.

Thanks for the comment. During the sampling period, we set up a silica gel
drying tube to dry the aerosol before entering the single particle aerosol mass
spectrometer. To make it clear, "Ambient particles are separated by a PM, s cyclone
separator and dried with silica gel before entering the single particle aerosol mass

spectrometer." has been added to the revised manuscript. Please refer to Lines 92-93

of the revised manuscript.

3. There is an interesting phenomenon in Fig. S1, the correlation between
Pb-containing particles and Pb-rich particles in winter is much lower than the
correlation in other seasons, what may be the reason for this, it will be clearer if the

authors can give further explanation.

Thanks for the comment. Previous results showed that particles with trace
amounts of Pb could be the aged products of small Pb-rich particles such as
coagulation with larger accumulation mode aerosol (Liu et al., 2009). In this study, the
correlation between Pb-containing particles and Pb-rich particles is much lower in
winter than that in other seasons. The number fractions of Pb-rich particles has also
significantly decreased, accounting for only 16% of lead-containing particles in winter,
which is 40% lower than in other seasons. These results suggest that the weaker
correlation in winter may be related to the accumulation of non Pb-rich particles after
the conversion of Pb-rich particles to Pb-rich particles caused by poor diffusion
conditions.

To make it clear, "The correlation between Pb-containing particles and Pb-rich



particles in winter (» = 0.47, p<0.01) is much lower than that in other seasons.The
number fractions of Pb-rich particles decreased significantly, accounting for only 16%
of Pb-containing particles in winter, which is 40% lower than that in other seasons.
Previous results showed that Pb-rich particles typically undergo less aging process
than other non Pb-rich particles (Zhang et al., 2009). Thus the weaker correlation in
winter may be related to the accumulation of non Pb-rich particles after the
conversion of Pb-rich particles to Pb-rich particles caused by poor diffusion
conditions." has been added to the revised manuscript. Please refer to Lines 109-114

of the revised manuscript.

Zhang, Y., Wang, X., Chen, H., Yang, X., Chen, J., and Allen, J.O.: Source
apportionment of lead-containing aerosol particles in Shanghai using single particle
mass spectrometry, Chemosphere, 74, 501-507,
https://doi.org/10.1016/j.chemosphere.2008.10.004, 2009.

4. Line 140, "the number fraction of Pb-EC particles was significantly higher during
the winter heating period in 2014 than before the heating period (Peng et al., 2020)".
How much higher, please give a quantitative number so the comparison will be more

visual.

Thanks for the suggestion. The relevant quantitative numbers have been added to
the revised article. This sentence has been revised as "The number fractions of Pb-EC
particles during the heating period was ~5-10%, while before the heating period it
was ~1-2% in the winter of 2014 (Peng et al., 2020).". Please refer to Lines 150-151

of the revised manuscript.

5. Line 200, "which may be related to the longer sampling time during the HP in
winter (6 days) compared to spring (31 days) ". How sampling time affects the higher
total relative number fractions of K-Na-EC and KOC particulate matter in winter,

please describe.

Thanks for the comment. In this study, the total relative number fraction of
K-Na-EC and KOC particles in winter was more than twice that of non heating

seasons in summer and fall. Sampling during the heating period is 25 days longer in
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winter than in spring, and the total relative quantity fraction of K-Na-EC and KOC
particles is 60% higher than in spring.

To make it clear, "And in winter, the total relative number fraction of K-Na-EC
and KOC particles is more than twice that of non heating seasons in summer and fall
(Fig. S8). Sampling in winter is 25 days longer than in spring during the heating
period, and the total relative quantity fraction of K-Na-EC and KOC particles is 60%
higher than in spring." has been added to the revised manuscript. Please refer to Lines

208-211 of the revised manuscript.

6. Line 223, "In this study, almost all lead are internally mixed with nitrate, which is
much higher than its mixing with sulfate, chlorine, and oxygen." Mixing states are
categorized as internal and external mixing, and how the authors determined that
almost all of the lead in the manuscript was internally mixed with nitrate, rather than

externally mixed.

Thank you for bringing up our mistake. We agree with the comment that our data
is not sufficient evidence for that all of the lead in the manuscript was internally
mixed with nitrate. We judge the mixture of lead and nitrate by the presence of
characteristic peaks of lead and nitrate in the same single particle mass spectrometry.
Our results could only indicate lead are mixed with nitrate. The sentence has been
revised to "In this study, almost all lead are mixed with nitrate, which is much higher
than its mixing with sulfate, chlorine, and oxygen.". Please refer to Lines 232-233 of

the revised manuscript.

7. Lines 241-242, "Furthermore, the number fractions of Pb-N particles increased
with increasing t, but does not increase with increasing RH and NO2, and even
decreases with increasing relative humidity.". The number fractions of Pb-N particles
do not increase with the increase of relative humidity and NO2, and even decrease

with the increase of relative humidity, what is the reason for this phenomenon?

Thanks for the comment. We have add the reason why the number fractions of
Pb-N particles decreases with relative humidity in the revised manuscript and

rewritten these sentences to make the language more concise.



"The decreased number fractions of Pb-N particles slightly with the increase of RH.
This is inconsistent with the result that high RH promotes the formation of lead nitrate
(Peng et al., 2020). It is worth noting that this does not indicate that high RH is not
conducive to the formation of lead nitrate, but may be influenced by the photo-chemical
oxidation reaction promoted by high T and low RH during the day than the aqueous
reaction promoted by high humidity on the formation of lead nitrate." has been added to

the revised manuscript. Please refer to Lines 271-275 of the revised manuscript.

8. Conclusions. Line 266, "which is higher in summer and fall than in spring and
winter".
It is recommended to give comparisons on the data, which should be noted in other

similar places in the text, to make the manuscript more rigorous.

Thanks for the suggestion. It has been revised as "The number fractions of Pb-N
particles in Pb-rich particles are 17.1-39.1% from spring to winter, which is about
twice as high in summer and fall as in spring and winter."

Similar descriptions in the text have also been added for data comparison.

9. Conclusions. "Photochemical oxidation is the main pathway for the formation of
particulate lead nitrate in spring, fall, and winter, with high values occurring from 10:
00—-15: 00. Aqueous reaction is the main pathway for the formation of lead nitrate in
summer, with high values occurring from 00:00 — 10:00.". How did the authors
determine which of the photochemical oxidation and aqueous reaction was the
dominant pathway in the different seasons, and the timeframe, which doesn't seem to

be meticulously described in section 3.4 of the manuscript?

Thanks for the comment. We understand that the reviewer thought this
conclusion requires more discussion. And it is largely because in the original
manuscript we did not present sufficient evidence and discussion in section 3.4. In the
revised manuscript, we add the discussion on the photo-oxidation reaction and
aqueous reaction of lead nitrate and the timeframe in section 3.4, and modify the
inappropriate and unclear related sentences in the conclusion.

"Except for summer, the number fractions of Pb-N particles are higher during the day

and lower at night, with high values mainly distributed between 10:00 and 15:00 (Fig.



6). In spring, Pb-N particles account for the lowest amount of all detected particles
from 22:00 to 00:00, with an average of about 0.1%. After 00:00, the number fractions
of Pb-N particles increase gradually until 9:00—15:00, and the number fractions of
Pb-N particles increase to 0.3%, and then slowly decrease. The peak number fractions
of Pb-N particles in fall lags behind that in spring by about two hours. It starts to rise
rapidly at 10:00 in the morning and rises from 0.3% to 0.8% in three hours. After
14:00, it slowly drops to ~0.3% at 21:00, fluctuates slightly between 0.2—0.3% from
22:00 to 10:00 the next day. The number fractions of Pb-N particles in winter with
time is similar to that during fall, but the difference between the high value in daytime
and other times is small, only 0.07%. In Mexico City aerosols, the conversion of lead
chloride to lead nitrate occurs between 7:00—21:00 and peaks at 12:00—2:00 due to
effective formation of gaseous HNOjs after sunrise (Moffet et al., 2008). Furthermore,
the number fractions of Pb-N particles are slightly higher on sunny days than on
non-sunny days in spring and winter (Fig. 7). Ozone, which reflects the activity of
photochemical reactions, is significantly higher on sunny days than on non-sunny
days, with an average value of 1.7—71.0% higher from spring to winter (Fig. S10). In
particular, the low number fractions (~0.2%) of Pb-N particles is from 12:00 to 23:00,
and the high value (~3.5%) is from 00:00 to 11:00 in summer. Previous results have
shown the Pb(NOs3), did not show any significant diurnal variation, both daytime and
nighttime atmospheric processes contributed to the observed Pb(NOs): (Peng et al.,
2020). These results support the importance of photo-oxidation for the formation of
nitric acid and lead nitrate, and highlight the seasonal differences in the formation
process of lead nitrate." has been added to the revised manuscript. Please refer to

Lines 241-267 of the revised manuscript.

"Photochemical oxidation is the main pathway for the formation of particulate
lead nitrate in spring, fall, and winter, with high values occurring from 10: 00—15: 00.
Aqueous reaction is the main pathway for the formation of lead nitrate in summer,
with high values occurring from 00:00 —10:00." has been revised to "The diurnal
variation of number fractions of Pb-N particles show obvious seasonal difference.
Results from this study show that the gas phase photo-oxidation contributed a lot to
the formation of lead nitrate particles, especially in spring and fall.". Please refer to

Lines 318—320 of the revised manuscript.



