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Anonymous Referee #1:

This manuscript presents a year of continuous measurements of atmosphspiecldg at a
suburban site in eastern China, which is an important anthropogesautgg region iChina.
This study combines the analysis of speciated Hg concentrdtioakmeteorology, receptor
based modelling, PMF and specific event, showihg sources and transformations of
atmospheric Hg.

Major comments:

The authors discussed the impact aBleemissions and loaginge transport of Hg on observed
atmospheric Hg. The analysis, however, do not generate a conchesiavhich of these two
processes were the dominant sources of the observatiorsnraadf the conclusions from the
analysis areontradictory to each other at tim@&se analysis of using PSCF model neglect the
local meteorology. For example, whityere is a shallow boundary layer formed at the sampling
site, an analysis of longngetransport could be not suitable because laceggional are more
important inthis caseThis manuscript seems not have a clear motivating hypothesis. The
authors made hrief introduction of Hg emissions in East Asia, but have not summarized the
findingsof many previous studies conductedtirs region or in East Asia. They also hane
addressed the scientific gaps existing after many previous studies in this Tégigefor, it is

not clear to what extent that this study could contribute to the sciEnealescriptions of the
materials ad methods section are not clear. The colleafd®@OM and PBM at 2hour interval
indicates a GOM or PBM concentration could obtained every 3 hours (1 hour thermal
desorption and detection is needed aftellection). This does not match the backward
trajectories simulated every two houf$ie operations of the speciated Tekran system did not
followed the standard methogery well. For example, a replacement of filter at a monthly
interval is too longer undéneavily PM pollution conditions. The calctian of backward
trajectory is not cleakVhat is the arrival height used for the calculation of backward trajectories?
What is thethreshold concentrations of speciated atmospheric Hg and the reasons of the
selectionof the thresholds.

We sincerely thank or t h e in-depthicanmentsdisd helpful suggestions this

manuscriptBased on the specific comments, we have responded to all the commenkbg/point
point and made corresponding changes in the manuscript as highlighted in redleelor.
reviewerhasraised a number of issues and guete agree. We feel the substantial revisions

based on the r evi ewanprowdthe qualityef this maniseaighleasg r e at | y

checkthe detailed responses to all the commastkelow.



Specificcomments:

1. Line 2627: a conclusion of impact of the lomgnge transport and local emissions on
observations is meaningless. All observations could be impacted by local ancrgeg
sources.

ResponseiVe agree with the reviewer that this sentencedsindant. This statement has been

r evi s endppleationidofAhe GOM/PBM tracer method and trajectmaged source region
identification distinguished the relative importance of loagge transport from northern China

and quaslocal emission sourcesio t he magni tudes of Hg species.

2. Line 46 and 48: the citations of references are not correct. Please check the similar errors
throughout the manuscript.

Response: Thanks fgrointing out this The references have been checked througtiaut
manuscript.

3. Line 53: as for the anthropogenic mercury?

Response: The sent eAsdoethehaatbropdgene emissienvsouscesaf as i
mercury, coal combustion, ndarrous smelters, cement production, waste incineration, and
mining are considered to be the main soues.i n t he revi si on.

4. Line 7172: are you sure that atmospheric transformations such asresitions could not
impact atmospheric GEM. There are many evidences that transformations including oxidation
of GEM andfoliar uptake of GEM could significantly affe@EM observations.

ResponseWe agree with the reviewer that the redox reactions can indeed significantly affect

GEM observations and our statement was not appropriate. wedvisexthe original sentence
asfiGenerally, the levels of GEM could be affected/byious emission sourcasdoxreactions

andfoliar uptake while the GOM species from the GEM oxidation and subsequent formation

of PBM by adsorption on the pamiate matters can significantly affedheir ambient
concentrations, especially in regions with hi

5. Line 7585: a detailed introduction of previous studies in eagtéina should be added here.
You should also introduce the progress of atmosphégicobservdabns and point out the
remaining questions regarding sources and transformation in this region.

Response: Thanks for the suggesti@ndetailed introduction of previous studies has been
added i n tEhrlyfield measusements in urlfan Shanghai found that the sources of
TGM were most likely derived from coal fired power plants, smelters and industrial activities
(Friedli et al., 2011 Onestudy in urban Nanjing indicated that natural sources were important
while most sharp peaks of TGM were caused by anthropogenic s¢diuegt al., 201p
Modeling of atmospheric mercury in eastern China simulated by the CM@\@odel showed

that natural emissionsith a contribution of 36.6%vere the most important source for GEM

in eastern Chinézhu et al., 201p One study at Gingming (an island belonging to Shanghai)
observed downward trend for GEM concentrations from 2014 to 2016 due to the reduction of



domestic emission@Vang et al., 2016 Studies conducted iChangbai MountaifWwan et al.,

2009 and Xiamen(Xu et al., 201% used PrincipalComponents Analysis (PCA) to identify
potential sources of atmospheric mercigtthespecific contributiosof each source o ul d n 6t
be quantifieddue to the limiation of the PCA method Overall, sudies with respect to the
specific sources and their quantified contribusiem atmospheric mercury in the suburbs of
East China and the formation and transformation processes among Hg species in the
atmosphere are stildl l acking. o

6. Section 2.1: the authors declare that there is no large paimtes within 20 km of the

sampling site. This seems not correct. From the Chingsatory and global inventory, | can

calculate the total GEM emission reaches nibeas 10 tons within@. UT 04U gri d of th
(corresponding to a 20 Km cycle around the site). For such a strong local emission, is it suitable

to use PSCF modelling to stutlye longrange transport. How could you separate the local

emissions from longangetransport signafs

ResponseThank f or the reviewer 6s c ahesamplihglsiie check o
Based on anercury emission inventory of China in 200u et al., 201§ the total GEM

emission in Shanghai was approximately 5 tons/yr. Since our sampling site is located in
Shanghai, it seems unlikely that the GEM emission witlin.a4 Udri@ of tBe site can reach

more than 10 tonseven higher than the total of Shanghgod clarify this,we checked the

EDGAR (Emissions Database for Global Atmospheric Research) global emission inventory
(http://edgar.jrc.ec.europa.eu/overview.php?v=4ypxéhich included a varietpf emission

sectors as shown in the table below. We al so s
the figure below. The latest year of the EDGAR mercury emission dataset is 2012.

It is calculated that the total GEM emissions in this grid bak@it105kg/yr, of which power
industry and cement production are the major contributors. In this regard, thmeséssund
the sampling site is not significant.

The sampling sités located beside Dianshan Lak&seen in the photos below. No strong point
sources and high buildings are around the site and could be regarded as an ideal suburban site
in the YRD regbn.

* Sampling site ~
Cselected area

Jiangsu

Sector Emissions (kg/yr)

Ce ment 2849 Anthropogenic Hg emission (0.4°x0.4°):105 kg/yr
Power-industry 93.87 .
Residential 10.05

Glass 0.03

Transportation 3.67 S T
Waste 9.38

Total 105.49



http://edgar.jrc.ec.europa.eu/overview.php?v=4tox2

Dianshan Lake

7. Section 2.4: you should show the arrival heights of the backivajectories and the
threshold concentrations.

Response: Thanks for the suggestion. [BkBeparagraph in Sectionhdsbeen r emi sed as
this study, we set thiareshold concentration as the mean value of the whole sampling period.

The mean GEM, PBM, and GOM concentrations were 2.77%§08 pg/m, and 82.1 pg/f)

respectively. The HYSPLIT (HYbrid Singlearticle Lagrangian Integrated Trajectory) model

is appled forcdculating air mass backward trajector{@axler and Rolph, 2012Yhe model

was run online at the NOAA ARREADY Website using the meteorological data archives of

Air Resource Laboratory (ARL). The meteorological input data used in the model was obtained

from NCEP(National Centers for Environmental Predictdrg gl o b a | data assi mi/l
(GDAS) with a harizontal resolution of 0.5°x0.5? In this study, #Rours back trajectories

were calculated at 500m AGL (above ground level) and the cell size was set as 0.5%0.5?

8. Line 193: standard errors of the meahsuld be also presented here. Youwsthalso define

the characteristic of the site. itsa remote site or suburban site? | would prefer a suburban
characteristic of the sampling site. Then, comparisons between previous observations in urban,
suburban andemote areas are meaningful.

Respone: The standard errors of the means have been added and the sentence has been revised

as f T h everage concantrati@e GEM, PBM, and GOM at DSL were 2.77+1.36 ng/m

60.8467.4 pg/nd, and 82.1115.4pg/fp r espect i vel y. o eristicofthe revi si
site hasalreadybeen defined as suburban in Table 1.

9. Line 210: a description of elevated Hg concentrationsath cold and warm seasons is
confusing. What is the statistical test for the seasgarétions?

Response: Theable below sbws the statistical test witthe pvalueamong the fouseasons
for GEM concentrationit indicatesthe GEM concentration in autumn is statistically different
from that of spring, summer, and winter (p<0.05), while there are no significant differences



amang spring, summer, and winter (p>0.05). In this regard, we revised the description as
St at i sshawedahht notsigrsfitant differences of theseasonal variations of GEM
concentratioeamong spring, summer, and wintegre observe(lrable S1)Thiswas different

from many urban and remote sites in China, such as Guiyang, Xiamen, and Mt. Changbai,
where GEM showed significantly highconcentrations in cold seasons than those in warm
seaons(Feng et al., 200Xu et al., 2015%uetal.,201g 6 i n t he revision.

Table R1. Pralue between seasons for GEM concentration

spring | summer | autumn | winter

spring

summer | p>0.05

autumn | p<0.05 | p<0.05

winter p>0.05 | p>0.05 | p<0.05

10. Line 214216: here references are needed.
ResponseThanks for the suggestionh@& references have been added in the revision.

11. Line 224225: does a highe&OM concentration observed in winter support the effect of
atmospheric oxidation athe samplingsite. Generally, modeling studies argued that the
oxidation rate of GEMshould be highest in summer. Also, GOM observed peaked in morning
(10:00), similarto GEM. This is in contrast with many previous studies that showed highest
concentrations at noonhich could support a strong transformation between GEM and GOM.

Response: Thanks for the commeniise atmospheric oxidation was lowest in winter due to
the relatively weak solar radiation. Thus, thigh GOM concentrati®observed in winter
probably were attributed tthe influence ofstrong anthropogenic emissions (such as the
enhanceaoal combustion in winter) and unfavorable meteorological conditions.

As for similar peaks of GOM and GEM in this study, we think ihelsolikely attributed to
the influence of anthropogenic emissioas GOM derived largely from anthropogenic
emissions in addition to the secondary formation

In the revised manuscript, we have stated more clearly about the diurnal pattern of mercury
spedes.

12. Line 241: are there any previous studies showed the diurnal patterns of anthropogenic
emissions. The difference in Hg concentrations between daytime and night retetistiaal
test.



Response: To our best knowledge, no diurnal patterns ofopotenicHg emissions are
available from previous studies. The figure below is the hourly profile of major emission sectors
(including power plants, industries, residential and transportation) for allocating emissions in
China (data from Prof. Qiang Zhanigom Tsinghua University). It could be seen that all
emissions peak during daytime, reflecting the strong influences from human activitidsoWwe
performed statistical analysis and confirmed that the differehEly concentrations between
daytime and night was significant (p<0.05).
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FigureR1.Hourly profile of major emission sectors in China

13. Line 257258: PBM showed the highestsnuthwest, west and northwest winds, this is not
consistent with the PSCF result. Please explain.

Response: Thanks for the comméfie think that there are two main reasons. 1) The wind rose
plot was based on instantaneous wind directions, which revéaleelationship between PBM
concentrations and wind direction/wind spaéd local scale. The PSCF analysis was based on
threedays backward trajectories, which revealed the transport routes of air masses and potential
sources regionat a much larger scale. Thus, it is possible that the wind rose plot and PSCF
didnét show very consistent results. 2) As
southwest directions only accounted for about 6% of the total winds, which could itin@ac
results of PSCF. As the PSCF analysis applied a weighting factor to reduce the uncertainty
when a small number of trajectories cex$sg particular cell. This might cause tR8 CFvalues

to be underestimated in the southwest, west and northwestlimgations.

14.Line 272: adescription of PBL should be presented before the abbreviation. What methods
did you use to determine the PBIi?s also appropriate to separate the shallow PBL from the
PSCF analysis.

Response: We a dideaddteoftthie beiglst ef planetarycbeundary layer (PBL)
were retrieved from the U.S. National Oceanic and Atmospheric Administration
(https://ready.arl.noaa.gov/READYamet.php 06 i n Se ct inoWhenperformingt h e

sho

revi


https://ready.arl.noaa.gov/READYamet.php

the PSCF analysis, the starting heights were set as 500m, thus precluding the events under the
shallow PBL conditions.

15. Line 306301: | do not agree East China Sea is an impostaunice region of the site given
the PSCF valuamnging from 0.2 to 0.4. There aikso studies of atmospheric Hg in East China
Sea, which highlighted that outflows bfg from mainland China drive the increase of Hg
concentrations.

Response: Thanks for the comment. The PSCF pattern in Fig. 7 of tin@langnuscript was

based on an annual basis of Hg, indicating moderate PSCF values as the reviewer commented.

If by referring to seasonal potential source regions of GEM as shown in the figure below, we

did observe some high PSCF values (>0.5) over tise G&aina Seale believe these signals

imply the impact of ship emissions, but not the impact of ocean emisslongver, we do

agree with the reviewer that East China Sea is not an impsdarte region as the mainland

evidently showed much higher andlespread PSCF signals. To avoid misunderstanding, we

revi sed t hleadditom thebast Ehina Sea (fincluding the offshore areas and open

ocean) showed sporadic high PSCF signals of GEM in all four seasons (Fig. S1), indicating
possibleinfluencesf r om shi pping activities. o0 in the revi
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Figure S1. Potential source regions of seasonal GEM at the sampling site according to PSCF
analysis.



16. Line 314315: whatl see from Figure 7 is that GOM and GEM share the similar source
regions, and whas different is that of PBM.

ResponseThanks for pointing thisoutWe r evi sed the description as
GOM was as similar as that of GEM but differen

17. Line 355356: relative fracon of wind in south, southweand west wind directions are
similar in the four GOM/PBM groups, and why? Laerang transport sources are also located
in these directions.

Response: Thanks for the comment. We agree with the reviewer that thrargegtrasport
sources could be also derived from the south, southwest and west directions. However, it is
generally regarded that the lerenge transport extent from the wind directions mentioned
above was less than from northern China. Thus, this may explaitnéhirequency of south,
southwest and west wind directions showed no clear trend as the GOM/PBM ratios increased.
In this section, we have testified that the GOM/PBM ratio can be used as a quick tracer for
identifying the relative importance of lowignge transport vs. local sources. However, this is
just a qualitative method, but not a quantitative solution for separating different sources.
Explicit source apportionment should require chemical transport modeling, however, this is out
the scope of thistudy.

In the revised manuscript, we have added in t
GOM/PBM ratio can be used as a qualitative tracer for identifying the relative importance of
long-range transport vs. local sources. However, when theeimfks from longange transport

and local emissiomwere close, the result could be ambiguous based on this method and this

may require further efforts such as chemical t

18. Line 359382: low GEM concentrations were mostly related tgthiCO and SNA
concentrations. Does th&ipport that locategional emissions are more important? This is
contradictory to lonGOM/PBM ratios, which indicates a progress of lsagge transport.

ResponseThanks for the commentin Shanghai, when high C@nd SNA concentrations
occurred, these events wegenerallyrelated to the impact of loagnge transport from
northern China, especially in winter, but seldom from local emissions. In this study, GEM
showed an increasing trend as the GOM/PBM ratios ase@ while both CO and SNA
decreased. Thus, the low GEM concentrations were mostly related to high CO and SNA
concentrations, suggesting the lenagge transport from northern China was not the major
cause of high GEM concentrations. In Fig. 9 of the menipts lower GEM concentrations
corresponded to lower GOM/PBM ratios, further corroborating the influence ofréomg
transport was not crucial on GEM. Hence, there is no contradiction between the results based
on different methods.

19. Section 3.3.3why did not apportion the major sources of PBM and GOM?



Response: Thanks for this good suggestion. Act
sources of PBM and GOM by using PMF. However, we found the results difficult to explain.

We think that thepossible reasons are that the concentrations of PBM and GOM fluctuated

much stronger than other atmospheric species such as soluble ions, organic/elemental carbon,

and elements. Due to the relatively short residence time in the atmosphere, it seerntes®t sui

by digesting PBM and GOM into the PMF anal y:
apportionment of PBM and GOM in this study.

20. Line 401406:factor 2could be mostly related to oil combustion in motor vehicle in urban
areas and shippirgmissions ovethe Dianshan Lake.

ResponseThanks for the comment. In order to determine whether factor 2 represents shipping
emissions, the timeeries of GEM concentrations from the shipping factor based on the PMF
modeling were extracted and digested into the P®G&eling. The figure below showed the
potential sources regions were mainly located over the East China Sea, which indicated factor
2 from PMF should be representative of the shipping sector. At the same time, we recognized
oil combustion in motor vehicland shipping emissions over the Dianshan Lake certainly
contributal to Hg pollution, but the existing ships in Dianshan Lake are far from being
comparable to that of the adjacent East China Sea, aptbihartion of mobile oil combustion

is relatively sml in YRD (5.34%)(Tang et al., 2008 thus we think that factor 2 should be
likely related to ship emission over the offshore and open areas of the East China Sea as well
as oil combustion in motor vehiclasd inland shipping activities.

In the revised manuscript, we have made clarification about the explanation of factor 2 by PMF
modeling.




21. Section 3.4.1: | do not agree variations of GRMI GOM concentration can support a
strong conversion of GENb GOM. Did youobserve a strong negative correlation between
GEM and GOM concentrations?

ResponseThanks for commentsStrong negative correlation between GEM and GOM
concentrationsvere usuallyobserved at remote and higliitude sites, where the impaaf
anthropogenic emissions is weak. As a suburban site located in one of the most industrialized
regions of China, it is difficult to see such a strong negative correlation between GEM and
GOM as the reviewer mentioned. However, from Figure 11, we dhsest that when GEM
concentration began to decline from 6:00, the concentrations of GOM continued to rise until it
reached the peak value at around 10:00, and the levels of ozone and temperature also kept rising
during this period. This phenomenon hagrbeepeatedly observed during the study period,
revealing the acceleration of the conversion process of GEM to GOM under favorable
atmospheric conditions of highers ©@oncentration and ambient temperature. However, we
understand thaGOM could be directlyemitted from various emission sources ahd
formation mechanism of GOM is complicated and we are not trying to elucidate it based on
limited measured parameters.

In the revised manuscript, we have rethwei sed t he
formation and transformation of mercury speci
adjusted the writings to focus on the crucial factors affecting the formation and transformation

of mercury species but not the intrinsic mechanisms.

22.452469: Figure 12 is meaningless. Anyone could expect a similar trend between GOM
concentrations and GOM/PBM ratios.

ResponseThanks f@ the comments We do agree with the reviewer thiae relationship

betweenGOM concentrations and GOM/PBM ratiosuld be expectedictually, Figure 12

more focus orthe multi-relationship among GOM, GOM/PBM, ;0and temperature. We
intended & expore some crucial factors afifting the concentrations of GOMuch as

temperature and the levels of oxidants
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