We greatlythank Prof. Yingjun Chen(P25-27) andthreeanonymouseviewes (P1-8 for referee
#1; P914 for referee #2; P3-24 for referee #3Jort hei r i nsi ght f ul fulyo mment s, whi ch wedve
addressed (in bold) point by point in our reply letter below. The revisedithSracked
changes (P&59) is attached after the reply letter. We deeplysorry for the delay due to the
5 family affairs of the first author.

Anonymous Referee #1
GeneralComnents

1. Chang et al. reported the isotopic composition of nitrogen species in cloud wateoantain
10 site in North China, during a biomass burning event. They analyzedathewith isotope
mixing model and CQC module to investigate the sourcesfa@mdation mechanisms of
nitrogenous species in cloud water. The study contributéletgrowing body of isotope
measurements around the world, and the methods bauldseful for source and chemical
process analysis. The manuscript can be imprbyexidng more irdepth analysis/discussion
15 on the data. Also, there are a numbeplaeices which need to be modified or clarified. The
figures are not in good quality, and most of the figures are too fuzzy to see clearly.

Many thanks for the recognition of our work. We appreciate the constructive suggestions,

which have helped togreatly improved our MS. More in-depth analysis/discussion on the

data hawe beenaddedin the text, and where requestedext sectionshave beerclarified in
20 the revised MS(see details below).

We are sorry for the difficulties with the figure quality experienceal by referee #1 All three
original figures have beerreplotted in the revised MS:

Figure 1

Original version:
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It would be interestinglso to examine the isotope information in the aerosols collected at the
same site during the same period. The comparison between cloud and aerosol would provide
more useful and meaningful information to further understand the sources and formation
mechaimsms of these nitrogenous species.

Thanks for the good

study.We 6 v e

advi ce. Unfortunately, we

&drither simufianeous and longerm sampling of aerosol, rainfall, and

cloudwater is vital forunderstanding the anthropogenic influence on nitrogen deposition in
studyregioo i n the abstract.

the

But no doubt, we acknowledgethe importance of collecting aerosol samples for isotopic
analysis This is reflectedby our research projecte n t i Arhm®rdum finitrogen isotope
fractionation during atmospheric chemical and physical processashich has been funded

by

the Chinaés Nati onal (NG419765030% Thé-pooject aimsttoi 0 n

simultaneously collect samples afloudwater, aerosol, and gaseous pollutants (e.g., NHon
the top of Mt. Huangshan(around 1860 m a.s.l). Withthe expectedcomprehensiveisotopic
data set, weare confidentto learn a lot moreabout the sources and formation mechanisms
of nitrogenousspeciesand will present findings in follow-up papers

3.

| also agree with the comments of Chen, and the author should provide more information and
assessment on the uncertainties of the results. The exact numiberst be representative

given thesmall number of samples.

Agreed. We 6ve expanded
revised MS.Please refer to the discussion section in the MS with traekl changes for
details (after the reply letter).

4.

t h e umtertaintias sfshe requlitsméhg ar di ng

In addition, | would suggest the author to further examine the influences of cloud water content
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and cloud process on the change of isotopic data in the same cloud event. The changes and
variations of these values may not necessarily result from theediffes in source or formation
mechanisms.

Thanks for the suggestions. Given that all samples were collected during a single cloud
event, the discussion on different processes of cloud evolution is beyond the scope of this
study. Asfor the cloud water content, given that our samples were collected in ambient air
(far away from the potential sources), theoretically, massconcentration or water content
cannot bean important factor to influence the isotopic data.For offline isotopic analysis,
during sample processing and pretreatment, there are several steps that could change
water content. We thus are certain that water content is not a factor to influence isotopic
data.

5. In section 3.3, all the equations and descriptions (pagk?Lare the same as@hang et al.,
2018. | would suggest the author condense this part and include it in the methodology section.
More details maye provided in SI.

Agread. The equations and descriptions have been moved to thdroduction sectionin the
revised MS

Specificcomments:
1. Line 111. Were the six cloud water samples collected during two or three isolated cloud events?

The six cloudwater samples were collected duringaloAigast i ng ¢l oud event. We 6 v e
clarified this in the revised MS.

2. Line 129. Thetreatment and analytical protocol can be the same as previous literature, the
detection limits and errors, reproducibility, recovery rates would be varied for different
research. Please clarify.

Agreed. fiDetailed information regarding samplprocessing, prdareatment, chemical

analyses, and analytical protocol adaption can be found elsewhere (Cao et al., 2016, 2017).

The detection limits for N& NH4*, K*, Mg?*, C&*, CI, NO», NOs", SO, and levoglucosan

are 0.06, 0.03, 0.12, 0.08,13, 0.64, 1.11, 2.67, 1.41, and 1.29 ppb, respectively. The analytical
errors from duplicatiptharevieddMDi s wer e within 5%0

3. Line 141. Please clarify how the sample values were corrected.

Wedve taldeepr ocess of dat a c dStandardregressionsivere t he revi sed MS.
made based on the known isotopic values of international standards and the measured
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stand®rdgatiues. The sl ope of the pN@uU9Y)was t he sample versus
very close to th expected slope (0.5), which canjredicted lased orthe fact that half N

atoms were derived from the azide (Mcllvin and Altabet, 200%)e r* of the regression line

was 0.999

Reference

Mcllvin, M. R., and Altabet, M. A.: Chemical conversion of nitrate and nitrite to nitrous
oxide for nitrogen and oxygen isotopic analysis in freshwater and seawater, Anal.
Chem., 77, 558%595, https://doi.org/10.1021/ac050528s, 2005.

4. Line 189 and Table.IBetter to use consistent units.

Agreed. The uni' béasfibge mhhgLtodorkaepe alconsistentfinitn the
revised MS.

5. Line 193. It is better to compare with the results at Mt Tai duringBBrseasons. The
comparison with other e gi ons cannot be used to support the authoros

In the present study, we failed to collect cloudwater samples during neBB seasons. As a
compromise, we compared our results to previously published datarde, technically this
does not need tsupport our statement. However, our measured concentrations of
levoglucosan were one order of magnitudeigher than observed inprevious studies.

6. Section 3.2. As mentioned above, did the variations reflect different periodsctdudeevent?
Will the cloud evolution process affect the results/conclusion of source analysis?

Thanks for the good suggestion. As we stated above, our samples were collected during a
singlecloud eventand do not account for possible changes during clouformation.

7. Line 209214. This information can be included in the introduction, but it seems not useful to
explain the measurement data in this study.

We agree that thismore or lessgeneral information that might distract ther e a d feauss 6
on our discussion. Howeverwe think that it serves asvaluable background information

that helps to understand thevariability of G'*N and 08O valuesof nitrate. We would prefer
to leave it in the MS.

8. Line 223226. The statement is t@peculative and does not scientifically sound. Without the

t he

stat



isotope analysis, you can still conclude that there is a link between diffeceess.

135 Agreed. We b6ve Forel eudavaii er , >N heerdtvaises of M@ (the U
secondary product of N¢ overlap with that of precipitation and particulate matter,
suggesting that there is a link between different scavenging processes of atmospheric
pollutantsd6 i n t HdMS.revi se

140 9. Line 232. Please provide reference or evidence to support the statement.
The reference below was added in the revised MS to support our statement:

Zheng, X. D., Liu, X. Y., Song, W., Sun, X. C., and Liu, C. Q.: Nitrogen isotope variations
of ammonium across rain events: Implications for different scavenging between
ammonia and particulate ammonium, Environ. Pollut., 239, 39398,
145 doi:10.1016/j.envpol2018.04.015, 2018.

10.Line233235. Was this o6no significant differenced found in this |
could the author deduce the conclusion here?

We @me to this conclusion because all'®N-NH4* valuesin cloudwater samplesfall with

150 the range of U*N-NH4* valuesfor fine particles. This is not the case for other phases of
NHx. To avoid any misundenros tsaingdniinfgi,c awet&Ndei fcfhearnegnecde i n t he U
NH4* exists between fine particles (P and cloudwated tad 1PR-NH.* values in
cloudwater sampl es f al I'>™NaWH4t values fortfire particlédss er ved range of
(PM2s), providing putative evidence that Nfin cloudwater is primarily derived from

155 particulate NHs* rather than NHs absorptiond i n t he revi sed MS.

[y

11.Section 3.3. More information on the uncertainty of the numbers is needed. In addition,
considering the uncertainty, the significance digit can be rounded.

Agree.More information regarding the uncertainty of partitioning estimates are included
160 in the revised MS.Please refer to thesection 3.3n the MS with track changes (after the
reply letter) for details.

12.Line 289291. The measurement data in six samples can be affected by diféetens and
doesndt necessarily to be the same as the emission inventory

165 We agree In a way the emission inventory data are used tealidate the isotope approach.
But the isotopebased source apportionment estimates can also be seen as a second,
independent assessmenerifying existing inventory data. In fact, the discrepancies, where
observed, may point to the facthat current emission inventories need to be revisd. We



mention this in the MS, writing that NOx emissions by anthropogenic activitieshangel
170  since 2010

13.Line 291296. These descriptions are generally correct and reasonable. However, this
discussion seems not directly link to the data/result in thigyst

We think these descriptions are critically importantbecause they can support one of the

175 most important findings in our study: Despite an overall reduction in total anthropogenic
NOx emission due to effective emission control actions and stricter emission standards for
vehicles, the observed cloud!®N-NOgz values suggest that NQemissions from
transportation may have exceeded emissions from coal combustidie thus decide to leave
this sectionin our MS.

180
14.Line 326328. It is better to compare with lealtitude data in the same region. Otherwike,
comparison may not make sense.
We agree. Given that there is a lack of similar studsin this region, we compared our
field-measured results to previous modeling results.
185

15.Line 345346. It seems the author did not discuss the production pathways in chdnicls,
can be very interesting if the author can do further analysis in this area.

We actually discuss he production pathways of nitrate in clouds quite prominently in fact.

For example in the abstract we writefiti*®0-NOs values imply that the reaction of OH with
190 NO:zis the dominant pathway of N©formation (57 +11%), yet the contribution of

heterogeneous hydrolysis of dinitrogen pentoxide was almost as important (43 +d4.1%)

Given that the U'®N values are primarily controlled by the reactive Nsources, the
discussion ofthe production pathways ofcloud ammonium is not included in our study.

195
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Anonymous Referee2#
GeneralComments

1. This study utilizes the isotopic composition of nitrate and ammonium captured in cloudwater
during a major biomass burning event to delineate the sourcehemistry that contribute to
the inorganic N concentrations. Overall, the methods are sound, and the study yields interesting
results. The interpretation is well constructed, but there are a number of aspects that need to be

better justified and bettereff enced t o make the studydés findings stronger.

Thanks for the favorable commentsand helpfuls uggest i onscarefullfi ch wedve
considered. Please see below.

2. As motivation for the work, the authors invoke the difficultyadfiressing tropospheric cloud
formation and its importance for radiative forcing of climate. Further, theyte@bmportance
of cloud properties linked to aerosol and precipitation chemistry. In the end, however, there is
not a direct connection back how understanding and gquantifying the sources of nitrate and
ammonium in this case actually link to clouds, cloudwater or their properties. It would be
useful if the authors could make a stronger link in the end of the work or edit the motivation to
bette fit the outcomes of the study.

Indeed, wefailed to better describethe rationale of this study in the original MS. Now in

the revised MSwe stressthat cloudwater is also a form of nitrogen deposition, which has
been provedto be animportant source of nitrogen, particularly in nitrogen -limited regions.
Although NH4* and NOs in dry (aerosol and gas pollutants) and wet (mainly rainfall)
depositionare regularly assessed;loudwater deposition is often overlookedOur current
understanding of natural versusanthropogenicinfluence on nitrogenous species in
cloudwater is extremelylimited. We thus believe that the most important implication of our
work is, for to isotopically explore the sources oNH4* and NOs™ in cloudwater. Hopefully,
our work will spark more studies on cloudwater deposition.

Webve strengthened the descriptions onhethe motivati
introduction. Pleasesee theMS with track changes

3. There are several instances of discussing the link between nitrate formation pathways and the
oxygen isotopic amposition of nitrate without references. This is fairly well established in the
literature already with an emphasis on D170 in works such as Michalski et al. (2003, 2004,
2005, 2011 etc), Alexander et al. (2009), Morin et al. (2011), and an emphasi8@rird
works such as Hastings et al. (2003, 2004, 2013), Elliott et al. (2009). Many of these works are
already cited by the authors, but it should be n@earerin several places in the manuscript
where the framework for interpreting d180 comes frone fExt reads as if this current study
is establishing that the oxygen isotopic signature (d180) comes from chemical formation of
nitratei yet this was established as early as in Hastings et al. (2003). For instance, please add
references to the first linen page 5; to line 216 on page 11; discuss more how equatibns 1
are generated and the fact that they are largely based upon previous work (for instance Hastings
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et al. 2003 and Michalski et al. 20111!).

We 6 v e ditatidne wihere appropriate, and in particular acknowledge the wok by
Hastings et al.(2003. Following up on thecommentby referee #1,equations 14 have been
move to the introduction section. We also expanded the discussiarated to equations 14.

4. Related to this,hte authors should compare the quantification of the oxidation chemistry with
the expectations set forth in Alexander et al., 2009. While Alexander et al. is a modeling study,
with significant uncertainties, it still would be helpful to understand a greatgext for the
findings in this study and whether they reflect what we expect in terms of atmospheric
chemistry in the extratropics or whether the observations are suggesting something new that
modelers need to be thinking about. Furthermore, it nedus jtestified why only the OH and
N205 pathways for HNO3 formation are used (page 15). In biomass burning plumes (and in
initial emissions measured in the laboratory), a great deal of organics is also found. This makes
it likely that RO2 and/or Habstracin pathways would be important as well. How can this not
be included here?

Theoretical modeling resultsby Alexander et al. (2009show thatglobally, nearly 76%,
18%, and 4% of annual inorganic nitrate are formed via pathways/reactions involving OH,
N20s, and DMS or HC (NG:s reacts with dimethylsulfide (DMS) or hydrocarbons (HC)
predominantly at night), respectively We agree that in certain casesreactive uptake of
NOz by organic aerososis an important oxidation pathway for aerosolnitrate formation .
The stable O isotopic composition of atmospheric nitrate is a powerful proxy for assessjing
which oxidation pathways are important for converting NOx into nitrate under changing
environmental conditions (e.g., polluted, volcanic events, climate change). In the same line,
in this study, the averagdi'®O value of NOy in cloudwaterw a s 5 7suggdstingthat

NOz formation wasdominated by thefollowing pathways: the reaction of NO2 with OH,

and almost equally important, the hydrolysis of dinitrogen pentoxide (NOs) with H20.

Reference

Alexander, B., M. G. Hastings, D. J. Allman, J. Dachs, J. A. Thornton, and S. A. Kunasek
(2009), Quantifying atmospheric nitrate formation pathways based on a global model
of the oxygen isotopic compositionaé’O) of atmospheric nitrate, Atmos. Chem. Phys.
9(14), 50435056.

5. Also, what is assumed for the initial d18@Dx in equation 2. It appears there are more
unknowns than knowns for equation 2 as currently discussed in the manuscript. In the end, it
is hard to justify the conclusion (like 330) that N2{3%articularly important in cloudwater
without further justification as to why only OH and N205 pathways are important to begin
with. (On BB emissions and plumes: this is just a sampling of relevant literature and there may
be better studies to referertbat are more relevant to the field location in China in this study
T Akagi et al., 2013; Alvarado et al. 2009a and 2009b and 2015; Burling et al., 2011; Yokelson
et al. 2008 and references therein).
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Following Zhong et al. (2017), thé®0 values for N> were assumedor ange from 90 &
1 2 2 @&he relevant reference habeen added in the revised MS to support our statement.

Reference

Zong, Z., Wang, X., Tian, C., Chen, Y., Fang, Y., Zhang, F., Li, C., Sun, J., Li, J., and
Zhang, G.: First Assessment of N@Sources at a Regional Background Site in North
China Using Isotopic Analysis Linked with Modeling, Environmental Science &
Technology, 51, 592%931, 10.1021/acs.est.6b06316, 2017.

6. What is the expectation for lifetime of the nitrate antmonium in this study? Models suggest
that the lifetime of NOx should beill.5days at this latitude (Levy et al., 1999) and that the
lifetime of nitrate and ammonium aerosols (globally) is on the ordebafé@ys (Xu and Penner,
2012). The other tracer(e.g. levoglucosan) and transport patterns help to establish the likely
influence of the biomass burning smoke, but this should be better integrated in the manuscript
with expectation for the formation and transport of nitrate and ammonium, sincefénerdif
tracers would be expected to have different lifetimes.

Pleaseseeour answer to the next comment.

7. The methods section should include the details of the HYSPLIT-thajelctoriesi what
meteorological dataset is used? At what heights? Etc. Alswoitld be justified why 480ours
is used and tied to the question above regarding expected lifetimes for nitrate and ammonium.

We fully understand the consideration of referee #2We mentionthe HYSPLIT

configuration briefly in the caption of Fig. 1 in the revised MSIn our study, wed on ét t hi nk
that we should overload the method section wittletails on theHYSPLIT model

configuration. Wethink that this is standard. Different from most studies, the HYSPLIT

model in this study was simplyusedto examinewhether there was an overlap between the

back trajectories of air masses and the intensive biomass burning are&ince our sampling

site is on the top of a mountain (around 1500 m) and far away frorie cropland, the

modeling height and air mass transport periodvere set as 1500 m and 48 hours (still

shorter than the lifetime of aerosol ammonium and nitrate), respectively.

8. On page 8, line 16567 it is stated that the raw d18WD3- data was coected to the calculate
the N isotope fractionation. How is this done? What values were found? How does this
compare with expectations in the literature for the computed fractionations (i.e. Walters and
Michalski (2015), Walters et al. (2016) and Chand .et2918))?

The N isotope fractionation was calculated based on a computational quantum chemistry

module, which we havebriefly introduced in the MS and elaboratedin detail in Chang et
al. (2018).N isotope fractionationvaluesfor each sample(rangingfrom5 . 21a t) 5. 98 a
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are reported in Fig. 3b in our MS, which isslightly lower than that of Chang et al. (2018)n
biomassburning sourcearea(10.99+0.7 4 A

9. There is discussion of the fractionation of conversion from NH3qbi$14+ aerosol on pages
11-13. The authors should also consider newer work on this slibjetters et al. (2019) as
it is highly relevant to the discussion here.

Walters et al. (2019)ocused on theoretical computatios, while our conclusions were based

on actual field measurementsin fact, the work of Walter et al. (2019)is highly relevant for

our companionstudy i Ni t r ogen | sot ope Etb-AessotConvadfion Ammoni a
and Implications for Determining Isotopic Source Signatures and Tracing Atmospheric

Ammoni um Qinivgch thesWalter et al. citation already served as a valuable

reference to compare our data

Additional specific comments:

Line 26: This phrasing is awkwardperhaps changefoHowe ver , t Hificultto hal | enge
address quantitatively based on the sole use of

Revised accordingly.

Line 94: there is one study in Hawaii that includes fog deposition at a high altitutleasite
might be relevant herarillo et al., 2002). Even if the data is not directly comparilsieould
be considered that the current manuscript is not the only measurehagresist.

Thanks for pointing us to thisreference.We d i adtuaflytclaim that we are the first
study in terms of measuring thechemical components of fog water or cloud wateAs
referee #2 pointed out, Carrillo et al. had published relevant results in 200Biowever,the
current work represents the first studythat include simultaneouslymeasurements othe
isotopic compositions of ammonium and nitrate in cloudwaterWe clarified this in the
revised MS.

Line 225230: The discussion of the 33 per mil isotope effect found by Heaton dimulted as
such. It is mentioned here as if thisnisll established, but Heaton himsigfthis work considers
the study preliminary. Also please see Walters et al. (2019).

The most important finding in Walters et al. (2019) in our view, is thatusing
computational quantum chemistry method, arelatively small isotope effect was reported

for the ammonia-ammonia equilibrium isotope exchange atthegasi qui d i nterface (4a

298 K).In fact, Walterset al.(2019)computed the equilibrium N isotope effects across

12
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various phases of NKHsystems at 28.1 K including NHzag/NHzg (~ e Mo = 4 +
5

5

D°d, .. . D°d, .
3 é) , 4+(aN/NH3(g)( NHiag)- NHag) = 32 N 43(a$/|)“'|3(aq) (\| H NMi@o-NHaeo = 37 +
5
a, . -
44), adegNHH Mo ™Mo = 31 N 4a8). The N isotope effect for the
D°d, . .
NH4*(aq/NH4* conversion was considered minor (" Mo § 0 ) |

Wal t er et a lfalsifyh2 Woik ®f)Headon donrdheoretical calculated values
matched experimental data reported by Urey andveorkers .

In fact, we hardly observe33 per mil isotope effecin the real atmosphere. Thus, in our
study, 33 per mil was set asipper limit value of the isotope effect(see Fig. 3 in the MS)
Here we would like to share results of our unpublished work(see figure below)In this
work (to be submitted soon)we describe time-resolved N isotopic discrimination factors,
i.e., the offsets betweefi'®N values of ambient aerosol Nkt and NHz(g), which reflect the
combined N isotope effects during Nklgasto-aerosolconversionand are most often
significantly |l ower than 33a
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Figure caption. Observed "N plotted against sampling hour in theambient air
(AA) experiment. The data points fall within the theoreticallyc al cul at ed range (mean N 1@)
of equilibrium isotope effects associated with different chemical processes involved in NH
gasparticle conversion (theoretical estimates for EIEs from Walters et aJ (2019). Green:

5 5 5
b Ohb W : blue: o vt : red: > . The yellow line represents the
kinetlchsotopeeﬁect(Z 84a) b ased on the di f¥Nelsrelativefoal di ffusion rates
14NHs.

NHs(ag)- NH3(g)

Line 256: The idea that this validates the approach seems circular in logic. Tpeisoges
and fractionations incorporated into the mixing model begins with assumpbons what
sources should be important; the fact that the modeling then yieldertbkision that biomass
burning is an important source follows from thiial assumptionsit does not in fact justify
those initial assumptions. Additional data of other kitidg suggest the same conclusion are
more appropriate for making this claim.
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We st ated i nitikevidemtthathiémasstbwaring epressran important NH
sourced. This statement wasindependentlyvalidated in section 3.1based on the
measurement of levoglucosan, a specific tracer of biomass burnirye make use of these
independent data to validate thesotopic approached usedand we clarify this in the
revised MS.

Supplement: please consider more recent observations of O&MNor vehicles an@éspecially
for soils (Miller et al. 2017, 2018; Yu and Elliott, 2017) and the issues re@ap@vious
collectiontechniques for source signatures (Fibiger et al., 2014)réfaeences listed for the
biogenic soil emissions are not really relevant.

Thanks for recommending these paperswhich we are aware of. There areeasons for the
exclusion of their reported G*>N-NOy in our pool of isotopic source signatures

In Miller et al. (2017), a wide range ofoil T*>N-NOx (n = 37) was observed (from44.2 to-
1 4 . Qcavering almost all reported isotopic source signatures of NOThe motivation, or
implication, of this work, in our view, was not to determinea robust N isotopic signature of
soil-emitted NOx. The large variation of i'5N values was associated with different fertilizer
management, whichimpliest h alit®N-NOx can be a valuable observational tracer of soil
emissions and varies with fertilizer management practites

In Miller et al. (2018), vehicle/transport-related NOx samples were not directly collected
from road tunnel or vehicle tailpipes,and theinterferencefrom other NOx sourcescannot
be ruled out.

In Yu and Elliott (2017), only the G'*>N values of soilemitted NO were determined. This
work represents an important contribution . However, inthe atmosphere, NQ is much
more abundant than NO. NGz production is initiated by the oxidation of NO, and thefirst
step is the conversion of NO to N@(through oxidation by either Os or peroxy radicals).
The conversion of NO to NQ may induce large a large Nisotope fractionation (Chang et
al., 2018), thus thdi*>N-NO values determined in Yu and Elliott (2017) are nohecessarily
representative ofti*>N-NOy in the atmosphere.
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Anonymous Referee3#
GeneralComments

The objective ofthe u b mi t t ed manuscri pt Al sot®oprcessan€onstraints on the Atm
Formation of Nitrogenous Species in Biom&sgningInfluencedC| ouds o6 was to apply stabl e

isotope techniques to determine sources and pathwaysrgénic nitrogen in cloudwater.

Although the presented work provides a very limileth set, it is the first of its kind to measure

I5N-NH4" in cloudwater and second of kid to measuré®N-NOs in cloudwater and apply

these values to determine pdtahsources of the nitrogen spexi¢Jnderstanding the dynamics

of nitrogen species icloudwater is important since cloudwater has recently been reported to be

a significantcontributor to nitrogen deposition in various regions. If the authors adequately

addresghe issues outlinedelow, | believe the work can be a valuable addition to the current

atmospheric nitrogen literature and should be accepted to Atmospheric Chemidttyaing.

Line 30: Th & meaasured forrthe firs time the isofopic comitions ofcloudwater

nitrogen speciésd0 . Thi s may have been ¢t brenancsaripte during the measurements
submission process but there has been a recent paper pubiisheduld be considered a

cloudwater study of nitrate isotopes (Vega et al., 20H8)vever, it is likely the first with

ammonium isotopes and nitrate isotopes in thisredidn.e i nst ances alluding to the Afirst ti
or novelty of the data should be changedordingly.

We thank referee #3 forpointing us to this latest paper that is highly relevant to our work.
Clearly, in light of thisthe fi f i r s ftis ndt apprepdate, and we have toned this down.

In the conclusion (Line334-335 in the original MS), weremovedfi For t he first ti me, 0O
completely.

In the abstract (Line 30 intheor i gi nalanMdS)meafsured for the first time the isoto
compositions (mean N 10) WiNHE3¥-6uBWaNe™N- a6&yro0gen species (U
NOz=-2. 35 N ¥O.NOHO=2,570. 80 Rhds2Bé&psé chamged to 0

simultaneouslyme asur ed for the first time the isotopic compositions (
cloudwater ni'tNfNbig=6. SPeli'™NNOH=H2. 315 N ¥. 004, U

NOs= 57.80 K.4.233)¢

The % deviati on as sauceappoohmentimbdel will significantigtyh or s 6

depending on the range in nitrogen emission sources. The authéts-dds signatures of

29.1 N 5.07®% &nd. 84 for Eniissiensdurces.kAccardingtother t i | i zer

literature this sowe range and standard deviatos n 6t real i sti¢c and | i kely doesné6t reflec
ranges that occur due to various chemécad physical factors associated creating this source

signature. Elliott et al. 2019 hagterough compilation of literaturéN-NHs signatures. The

authors did an adequgtid when compiling thé®N-NOx source signatures and the mixing

model for NH would benefit from a similar approach
Frankly, we do not fully agreewith th e suggestion. The reasons are
(1) Different from G'5N-NOy studiesand different from sporadic studies of!>N-NHsz, we 0 v e
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established a comprehensivpool of NHz isotopic source signatures in our previous work
(Chang et al., 2016Chang and Ma, 2018, which have been successfully applied in China
(Chang et al., 2016; Chang et al., 201QVe believe that our comprehensive, and more
importantly, locally robust isotopic_source signatures, is one of thetrengths of the
approach usedto infer potential sources of aerosol ammoniunn China.

Reference:

Chang, Y., Liu, X., Deng, C., Dore, A. J., and Zhuang, G.: Source apportionment of
atmospheric ammonia beforeduring, and after the 2014 APEC summit in Beijing
using stable nitrogen isotope signatures, Atmospheric Chemistry and Physics, 16,
1163511647, 10.5194/aci6-116352016, 2016.

Chang, Y., and Ma, H.: Comment on "Fossil Fuel CombustiorRelated Emissions
Dominate Atmospheric Ammonia Sources during Severe Haze Episodes: Evidence
from 15N-Stable Isotope in SizeResolved Aerosol Ammonium”, Environmental
Science & Technology, 50, 1076850766, 10.1021/acs.est.6b03458, 2016.

Chang, Y., Zou, Z., Zhang, Y., Deng, CHu, J., Shi, Z., Dore, A. J., and Collett, J. L.:
Assessing Contributions of Agricultural and Nonagricultural Emissions to
Atmospheric Ammonia in a Chinese Megacity, Environmental Science & Technology,
53, 18221833, 10.1021/acs.est.8b05984, 2019.

(2) Only after submission of the original MSwe had noticed the work ofElliott et al. (2019,
in which existing published data (including our work) related tot he Ffi sot opi ¢ source
signat ur e s NOfwereNddmpiled. One challenge, however, is the large
variability of the observed G!*N-NH3 values Once released into the atmosphere, NH
undergoes a number of potential physical (e.g., deposition) and chemical processes (e.g.,
particle nucleation and condensation) thatca al t er their primary i sotopic

and the isotopic composition of their reaction products (e.g., aqueous and solid N

Here we would like toshareresults of our unpublished workto prove that not all
published {i*>N-NH3 valuescan necessarilybe used as fingerprints to trace NHsources
filna Aih-théf | el d 0 a escribeaimdesolvedyé isotopic discrimination

ax o

factors (Figure below) i.e., the offsets betweefi®N values(mearf; 1) of ambient
aerosol NH* and NHsg) (D&°N .. = [ @N-NH; - “2N-NH,]) | whichreflect the

combined N isotope effectiuring NHz gasto-aerosol conversion. We found clear
evidence for kinetic N isotope fractionation, with enrichmentsN in the

NH;3 (15875 ° 6.D4 , n = 24) relative to NH* pool (-20.175%;, ° 3.7& , n =5)

near a NHs point source. Miltiple lines of evidence support the dominant role of the KIE
related tothe neuralization of NHs(g) with H2SQu(g) during nucleation (i.e., formation of
NH4HSO, and (NH)2SQy) in determining the net

DN, . (-14.65%75, °3.23 ,n =5). In contrast, in ambient air further away from

the point source, when more time has passed aftersMids releasedBayesianmixing
modelingrevealed that equilibrium N isotope exchange betw@éfsaqfNH3(g) (25£12%),
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Figure caption. Diurnal variation of U*>N-NHs (a), G**N-NH.* (b), and D*d/,

NH 4" @aqyNH3(aq) (34£13%), and NH*aqsyNH3(g) (32£15%) is much more important,
explaining together over 90% of the observed
Dd™N (20.38%" °5.201, n=99).0

NH; -NH,
In brief: Our results suggest that the large variability of NH N isotopic source
signatures reported in previous work may be partly attributed to the differential N
isotope alteration due to kinetic isotope fractionation.

-6 615N-NH3 {%o) 15 4 61SN‘NH4+ (%) 30 - AV 6NH4'-NH,(%")
8 12 4 1
-10 9] 25
-12 1
2 -/J\/‘/_M
2] 20 4
14 3] ]
-16
g 0 4 15 4
-20 3 1 ]
1 T T T T T T T T T T 10 T T T T T
0 4 8 12 16 20 0 4 8 12 16 20 0 4 8 12 16 20
Hour of day Hour of day Hour of day

H; - NH,

(3) Other recent (sorry, alsostill unpublished) work suggests that the pool of NElisotopic

source signatures we established can be used to explain the variationgitN values of
ambient NHz in tropical Savanna environments in northern Thailand(see figures below)
This greatly erhances ourconfidenceto use our own isotopic source pool to trace NH
sources.

BT
/ ~—

Chiang Mai

Figure 1. Location of sampling sites.
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Figure 2. Temporal variations of NHz concentrations andii*®N-NHsv al ues at each site. filao
to Ai 0 represents the results of site 1 (S1) to site 9 (S9)
standard deviation.

The authors dismiss fossil fuel combustion (vehicles and power plants) as an estasoenn

this study region when discussing contribution to atmosphericiNHargu€for its significance

in this region when discussing N®ource apportionment. For NHiAlthough fossitfuel
combustion, urban waste, and natural soils also represemitipbsources of Nk their impacts

are probably minor compared to that of agricult@rad biomass burning emissions, at least on a
regional (or greater) scale (Kang et aD16). Although noragricultural NH emissions like on

road traffic are importarin theurban atmosphere (Chang et al., 2016), their contribution must
be considered insignificamtith respect to fertilizer application and livestock breeding in this
region (Kang etl., 2016). Besides, cobhsed heating in China is suspended during
summertime, andoal combustion has been demonstrated to be a minor contributor of tatal NH
emissiong L i et al.,x2@6A6awae EmpebOed, bi omass burning was the | a
contributor (28.2 +2.7%), followed by erpad traffic (27.1 £2.2%), coatombustion(26.8 +
3.4%), and bi og e né NOesissiohs by ahtropOgerittivies 8h#jged i
significantly since 2010: a 17% total emission decrease bet®@éhand 2017 can primarily be

attributed to upgraded emission standards and’neltrasl ow emi ssi ond t-echniques in the coal
fired power plant sector, given that trafémittedNOx likely increased as a consequence of the
continuous expansion ofautor ade mar ket during the | ast decade. 0 The argumen:

these fossil fuesources, as outlined above, may confuse the reader especially since bigh NH
concentratiorhave been linked to traffic and the authors contribute a significant armohiQ

to vehicles. Also,-l oweemisthbdpBrs odamingitolNai uesr when
contributions and these techniques would include SCR technolaggirtombustion plants that
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