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Abstract. A study of the stable carbasotope ratios §°C) of total carbon (TC) and the nitrogen
isotope ratiosd°N) of total nitrogen (TN) were carried out for fiaerosol particles (PM1) collected
every two days with a 24 h sampling period at alrbackground site in Ko3etice (Central Europe)
from September 27, 2013, to August 9, 2014 (n=1W&).found a seasonal pattern for b&tfC and
81°N. The seasonal variation &°N was characterized by lower values (av. 13.1+4.5%w)inter and
higher values (25.0+£1.6%o0) in summer. Autumn andngpwere transition periods when the isotopic
composition gradually changed due to the changingces and the ambient temperature. The seasonal
variation in3**C was less pronounced but more depletédGrin summer (-27.8+0.4%0) as compared
to winter (-26.710.5%o).

A comparative analysis with water-soluble ions,amig carbon, elemental carbon, trace gases and
meteorological parameters (mainly ambient tempesathas shown major associations with the
isotopic compositions, which enlightened the affegprocesses. A comparison &N with NOs,

NH4* and organic nitrogen (OrgN) revealed that althcaigiigher content of NOwas associated with

a decrease in th#°N of TN, NH;* and OrgN caused increases. The highest concemsati nitrate,
mainly represented by NINOs, related to the emissions from biomass burnirayileg to an average
815N of TN (13.3%o) in winter. During spring, the pentage of N@ in PM1 decreased. An enrichment
of °N was probably driven by the equilibrium exchangéneen the gas and aerosol phasess(t)H

«— NH4*(p)), which is supported by the increased amb&mpierature. This equilibrium was suppressed
in early summer when the molar ratios of M8Q? reached 2, and the nitrate partitioning in aerosol
was negligible due to the increased ambient tenyp@raSummertim&®N values were among the
highest, suggesting the aging of ammonium sulfagk @rgN aerosols. Such aged aerosols can be
coated by organics in whidfC enrichment takes place by the photooxidationgsecThis result was
supported by a positive correlation &C with ambient temperature and ozone, as observéldei

summer season.
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During winter, we observed an event with the lowé3tl and highes$**C values. The winteEvent
occurred in prevailing southeast air masses. Aljhahe higheb'3C values probably originated from
biomass burning particles, the low85N values were probably associated with agriculaméssions

of NHsz under low temperature conditions (< 0°C).

1. Introduction

Aerosols have a strong impact on key processdwiatmosphere associated with climate change, air
guality, rain patterns and visibility (Fuzzi et,&015; Hyslop, 2009). Because these processesilare
insufficiently understood, they are studied intgaki. One approach to explore chemical processes
taking place in atmospheric aerosols is the apiceof stable carbondt3C) and nitrogen §°N)
isotope ratios. These isotopes can provide unigsight on source emissions along with physical and
chemical processes in the atmosphere (Gensch,e2(dl4; Kawamura et al., 2004), as well as
atmospheric composition in history (Dean et al.140 However, studies based on single isotope
analysis have their limitations (Meier-Augenstaid &emp, 2012). Those include an uncertainty when
multiple sources or different processes are presdrise measured delta values may overlap (tygicall
in the narrowe6'C range). Another factor are isotope fractionafioscesses which may constrain the
accuracy of source identification (Xue et al., 20Q%ing isotope analysis on multiple phases (gas a
particulate matter) or multiple isotope analysia caercome these problems and may be useful to
constrain the potential sources/processes.

Generally, isotopic composition is affected by bptimary emissions (e.g., Heaton, 1990; Widory,
2006) and secondary processes (e.g., Fisseha, €08Bb; Walters et al., 2015a). Isotopes are
furthermore altered mainly by kinetic and/or edarilim fractionation processes. Kinetic isotope@fe
(KIE) occur mainly during unidirectional (irrevebdt) reactions but also diffusion or during revielesi
reactions that are not yet at equilibrium (Gengcal.e 2014). Owing to KIE, reaction products (both
gasses and particles) are depleted in the heatgpisaelatively to the reactants, and this effect i
generally observed in organic compounds (Irei.e2a06). If the partitioning between phases isedu

by non-equilibrium processes (such as e.g. absoiptthe isotopic fractionation is small and lower
than that caused by chemical reactions (Rahn aled, 2001). Equilibrium isotope effects occur in
reversible chemical reactions or phase changéeg ifystem is in equilibrium. Under such conditions,
the heavier isotope is bound into the compoundsevie total energy of the system is minimized and
the most stable. Equilibrium effects are typicalihorganic species and usually temperature depend
Regarding to the isotopic distribution in individyzhases®N is generally depleted in gas phase
precursors (ammonia, nitrogen oxides) but is mamrgcked in ions (NkEf, NOs) in rainfall and the

most enriched in particulate matter and dry deosi{Heaton et al., 1997; Ti et al., 2018). Total
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nitrogen usually consists of the three main compts)eNQ", NH," and/or organic nitrogen (OrgN),
and thus, the finad*®N value in TN can be formulated by the followingiation:

8NN = 3Nnos*f nos + 3 NHa*f nHa + 3 Norgh*f orgn

where fios + fna + forgy = 1 @and f represents the fractions of nitrogemftdOs, NHs" and OrgN in
TN, respectively.

Total carbon in aerosol is usually divided intoneémtal carbon (EC) and organic carbon (OC), where
OC forms the major part of TC (e.g., Mbengue et 2018). Although EC is more or less inert to
chemical changes, slightly differeBt*C in EC originating from primary emissions are sl
(Kawashima and Haneishi, 2012). OC represents & wadtiety of organic compounds which can
originate from different sources with differéd€ content resulting in differedt>C values in bulk of
emissionsChanges in isotopic ratio 8t°C in OC (and thus also TC) can subsequently affeemical
reactions where isotope fractionations via the titnesotope effect (KIE) usually dominate the

partitioning between gas and aerosol (liquid/sgbiddses (e.g. Zhang et al., 2016).

Many studies have been conductedd®€ andd!®N in particulate matter (PM) in Asia (e.g., Kundu e
al., 2010; Pavuluri et al., 2015b; Pavuluri and ldawra, 2017) and the Americas (e.g., Martinelli et
al., 2002; Savard et al., 2017). Recently, the iplelisotope approach was applied in several ssudie
by usingd*C andd®N measurements. Specifically, th€C andd®N composition of aerosol (along
with other supporting data) was used to identify sources and processes on marine sites in Asia
(Bikkina et al., 2016; Kunwar et al., 2016; Miyazakal., 2011; Xiao et al., 2018). Same isotopesw
used to determine the contribution of biomass Imgrtd organic aerosols in India (Boreddy et al1&0
and in Tanzania (Mkoma et al., 2014), or to unrélvelsources of aerosol contamination at Cubaih rura
and urban coastal sites (Morera-Gémez et al., 20I8)se studies show the potential advantages of
81%C and 6N isotope ratios to characterize aerosol types tanteveal the underlying chemical
processes that take place in them.

Only few studies 0d**C and3™N isotope ratios have been performed in Europeghvaie moreover
often based on single isotope analysis. Regartiagsbtopes of nitrogen, Widory (2007) published a
broad study 0N in TN in PM10 samples from Paris, focusing onsseality (winter vs. summer)
with some specific sources. Freyer (1991) repothedseasonal variation in tlé°N of nitrate in
aerosols and rainwater as well as gaseousél®@moderately polluted urban area in Jilich (@ery).
Yeatman et al. (2001a, 2001b) conducted analys&¥Nfin NO; and NH* at two coastal sites from
Weybourne, England, and Mace Head, Ireland, fogusim the effects of the possible sources and
aerosol size segregation on their formation praxeasd isotopic enrichment. More recentlyz&a

et al. (2016) reported one-year observations'™ in NHs* and ions in precipitation at an urban site
in Wroclaw, Poland, whereas Beyn et al. (2015) rggbseasonal changesdtiN in NOs™ in wet and

dry deposition at a coastal and an urban site im@ey to evaluate the nitrogen pollution levels.
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Studies ord!*C at European sites have been focused more on adrasols. Fisseha et al. (2009) used
stable carbon isotopes of the different carbonasemuosol fractions (TC, black carbon, and water
soluble and insoluble OC) to determine the souofagban aerosols in Zurich, Switzerland, during
winter and summer. Similarly, Widory et al. (2008ed5°C of TC, along with an analysis of lead
isotopes, to study the origin of aerosol particteBaris (France). Gérka et al. (2014) us&€ in TC

in conjunction with PAH analyses for the determioatof the sources of PM10 organic matter in
Wroclaw, Poland, during vegetative and heating @easMasalaite et al. (2015) used an analysis of
81%C in TC on size-segregated urban aerosols to eltecidarbonaceous PM sources in Vilnius,
Lithuania. Fewer studies have been conductedtihin aerosols in rural and remote areas of Europe.
In the 1990s, Pichimayer et al. (1998) conducteulikiple isotope analysis 6°C in OC,5'°N in NOs-
and&*S in SQ? in snow and air samples for the characterizatfopodutants at high-alpine sites in
Central Europe. Recently, Martinsson et al. (2@iiblished seasonal observation$’8€ in TC, along
with the 1“C/*%C isotope ratio of PM10 at a rural background stath Vavihill in southern Sweden
based on 25 weekly samples.

To broaden the multiple isotope approach over t®fean continent, we present seasonal variations
in 3°C of TC and*®N of TN in the PM1 fraction of atmospheric aerosatis rural background site in
Central Europe. To the best of our knowledge, ighibe first seasonal study of these isotopesii th

region, and it is one of the most comprehensiv®ostudies of a fine fraction of aerosols.

2. Materials and methods

2.1. Measurement site

The KoSetice observatory is a key station of thediAHydrometeorological Institute (CHMI), focusing
on air quality and environmental monitoring @&dand Dvorska, 2014). The site is located in thec6z
Highlands (49°34'24.13" N, 15°4'49.67" E, 534 m A8hd is surrounded by an agricultural landscape
and forests, out of range of major sources of fioltuwith very low traffic density. The observatdsy
officially classified as a Central European ruratkground site, which is part of the EMEP, ACTRIS,
and GAW networks. A characterization of the staiiorierms of the chemical composition of fine
aerosols during different seasons and air massg®$ented by Schwarz et al. (2016) and longtime
trends by Mbengue et al. (2018) and Pokorn& €2@alL8). As part of a monitoring network operated
by the CHMI, the site is equipped with an automat®xhitoring system that provides meteorological
data (wind speed and direction, relative humidigynperature, pressure, and solar radiation) and the

concentrations of gaseous pollutants {300, NO, NQ, NO, and Q).
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2.2.  Sampling and weighing

Aerosol samples were collected every two days 4on #om September 27, 2013, to August 9, 2014,
using a Leckel sequential sampler SEQ47/50 equipfiteca PM1 sampling inlet. Some temporal gaps
were caused by sampler maintenance or power outegigléing in 146 samples during the almost year-
long study. The sampler was loaded with pre-bakdd 800°C) quartz fiber filters (Tissuequartz,| Pal
47 mm), and operated at a flow rate of 2%nhmin addition, field blanks (n = 7) were alsogakor an

analysis of the contribution of absorbable orgamigors.

The PM1 was measured gravimetrically (each filefoke and after the sampling) with a microbalance
that had 1 pg sensitivity (Sartorius M5P, SarteriiG, Gottingen, Germany) in a controlled

environment (201 °C and 50+3 % relative humidittgafilter equilibration for 24 h).

2.3.  Determination of TC, TN concentrations and their sable isotopes

For the measurements of total carbon (TC) andgetndTN) and their stable isotope ratios, smaéifil
discs (area 0.5 ¢inl.13 cm or 2.01 cM) were placed in a pre-cleaned tin cup, shapeddrgmall
marble using a pair of tweezers, and introduceal il elemental analyzer (EA; Flash 2000, Thermo
Fisher Scientific) using an autosampler. InsideBhe samples were first oxidized in a quartz column
heated at 1000°C, in which the tin marble burns@adizes all the carbon and nitrogen species te CO
and nitrogen oxides, respectively. In the secorattgucolumn, heated to 750°C, nitrogen oxides were
reduced to N Evolved CQ and N were subsequently separated on a gas chromatag@@bmn,
which was installed in EA, and measured with artteérconductivity detector for TC and TN. génd

N2 were then transferred into an isotope ratio maestsometer (IRMS; Delta V, Thermo Fisher

Scientific) through a ConFlo IV interface to momitbe ™®>N/**N and'C/“C ratios.

An acetanilide external standard (from Thermo EtatCorp.) was used to determine the calibration
curves before every set of measurements for cailegla C, TN and their isotope values. Td1eN and
513C values of the acetanilide standard were 11.8%%at{ve to the atmospheric nitrogen) and -27.26%o
(relative to Vienna Pee Dee Belemnite standardpeetively. Subsequently, ti&N of TN ands'*C
of TC were calculated using the following equatiansl the finab values are expressed in relation to

the international standards:

815N (%0) = [(15N/14N)sample/(lsN/MN)standard— 1]*1000
8"3C (%o) = [(*C/**C)sampie/ (**CI**C)standara— 1]*1000
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2.4.  lon chromatography

The loads on the quartz filters was further analylzg using a Dionex ICS-5000 (Thermo Scientific,
USA) ion chromatograph (IC). The samples were ekddh using ultrapure water with conductivity
below 0.08 uS/m (Ultrapur, Watrex Ltd., Czech Réqr)0.5 h using an ultrasonic bath and 1 h using
a shaker. The solution was filtered through a lgitie syringe filter with 0.22 um porosity. Thediled
extracts were then analyzed for both anions$SRO;,, CI, NO; and oxalate) and cations (N&IH,",

K*, Ca&* and Md@") in parallel. The anions were analyzed using doraself-regenerating suppressor
(ASRS 300) and an lonPac AS11-HC (2 x 250 mm) dicalycolumn and measured with a Dionex
conductivity detector. For cations, a cation seffjenerating suppressor (CSRS ULTRA II) and an
lonPac CS18 (2 m x 250 mm) analytical column wesgdun conjunction with a Dionex conductivity
detector. The separation of anions was conducted @6 mM KOH as an eluent at a flow rate of 0.38

ml/min, and the separation of cations was conduasaty 25 mM methanesulfonic acid at 0.25 ml/min.

The sum of nitrate and ammonium nitrogen showedaa ggreement with the measured TN (Fig. S1
in Supplementary Information (Sl)), and based anrérsults of TN, N@ and NH", organic nitrogen
(OrgN) was also calculated using the following e@mum(Wang et al., 2010): OrgN = TN — 14*[NO
162 + NH,*/18].

2.5. EC/OC analysis

Online measurements of organic and elemental caf®@@ and EC) in aerosols were provided in
parallel to the aerosol collection on quartz fdtenentioned above by a field semi-online OC/EC
analyzer (Sunset Laboratory Inc., USA) connecteadd/1 inlet. The instrument was equipped with a
carbon parallel-plate denuder (Sunset Lab.) to venvolatile organic compounds to avoid a positive
bias in the measured OC. Samples were taken amtédvals, including the thermal-optical analysis,
which lasts approximately 15 min. The analysis wasformed using the shortened EUSAAR2
protocol: step [gas] temperature [°C]/duration 4§ 200/90, He 300/90, He 450/90, He 650/135, He-
Ox. 500/60, He-Ox. 550/60, He-Ox. 700/60, He-Ox0/880 (Cavalli et al., 2010). Automatic optical
corrections for charring were made during each oreasent, and a split point between EC and OC
was detected automatically (software: RTCalc52@s8uLab.). Instrument blanks were measured once
per day at midnight, and they represent only a gpazind instrument response without filter exposure.
Control calibrations using a sucrose solution waagle before each change of the filter (ca. evéty 2
week) to check the stability of instruments. ThehZaverages with identical measuring times, such as
on quartz filters, were calculated from the acqlideh data. The sum of EC and OC provided TC

concentrations, which were consistent with the Bllies measured by EA (see Fig. S2 in SI).
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2.6.  Spearman correlation calculations

Spearman correlation coefficients (r) were caladatising R statistical software (ver. 3.3.1). The
correlations were calculated for the annual daf@seit39) and separately for each season (autumn: 25
winter: 38, spring: 43, and summer: 33), and wiatemt (7). Data from the wintEwvent were excluded
from the annual and winter datasets for the cdroglaanalysis as their distinctly high concentrasio
and isotopic values might have affected the resGlbsrelations with p-values over 0.05 were taken a

statistically insignificant.

3. Results and discussion

The time series of TN, TC and their isotope rafid3\ ands**C) for the whole measurement campaign
are depicted in Fig. 1. Some sampling gaps wersethin autumn and at the end of spring by servicing
or outages of the sampler. However, 146 of the $egrfpom September 27, 2013, to August 9, 2014
are sufficient for a seasonal study. In Fig. 1 wirgerEvent is highlighted, which has divergent values,

especially fol8*°N, and is discussed in detail in section 3.4.

Table 1 summarizes the results for four seasomgirau(Sep.—Nov.), winter (Dec.—Feb.), spring (Mar.—
May) and summer (Jun.—Aug.). The higher TN conediatins were observed in spring (max. 7.59 ugN
m3), while the higher TC concentrations were obtaidedng the winteEvent (max. 13.6 pgC ).

Conversely, the lowest TN and TC concentrationevedaserved in summer (Tab. 1).

Figure 2 shows the relationships between the TCTahd@doncentrations and their stable isotopes for
one year. The correlation between TC and TN isifsagmt (r=0.71), but the relationship split during
high concentration events due to divergent souiides highest correlations between TC and TN were
obtained during transition periods in autumn (0&%J spring (0.80). Correlations between TC and TN
in winter (0.43) and summer (0.37) were weakersbilltstatistically significant (p<0.05). As seam i
Table 1, the seasonal averages of TC/TN ratioguilie, but their medians have similar values for
autumn, winter and spring. The summer TC/TN vaduggher (3.45) and characteristic of a significant
shift in chemical composition, which is in line thviprevious studies at the site (Schwarz et all620
However, seasonal differences in the TC/TN rati@sennot as large as those in other works (e.g.,

Agnihotri et al., 2011), and thus, this ratio ifsktl not provide much information about aerosalrses.
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The correlation betweeit*C andd'®N (Fig. 2, right) is also significant but negati#6.69). However,
there is a statistically significant correlatiom fpring only (-0.54), while in other seasons, elations

are statistically insignificant. This result higitits a significant shift in the sources of carbeoas
aerosols and their isotope values in spring wiiigedources were rather stable during other seasons.
The winterEvent measurements show the high#$€ and lowest'°N values, but a linear fit does not

show a significant differences as compared toaktte data (Fig. 2, right).

3.1. Total nitrogen and its 8'°N

Thed'™N values are stable in winter at approximately 15%th an exception of winteEvent, which
showed an average of 13%.. In summer,3 shows strong enrichment N in comparison with
winter, resulting in an average value of 25%.. Dgttine spring period, we observed a slow increase in
81N from April to June (Fig. 1), indicating a gradwdlange in nitrogen chemistry in the atmosphere.
During autumn, a gradual change is not obvious umeaf a lack of data in a continuous time series.
The range 06N was from 0.6%. to 28.2%0 year round. Such a wideyeamay arise from a limited
number of nitrogen-containing species and/or coraptmin aerosols, which are specifically present in
the forms of N@, NH," and/or organic nitrogen (OrgN). The highest poriid nitrogen is contained

in NHs" (54 % of TN year-round), followed by OrgN (27 %)daNG; (19 %). Although the Nk
content in TN is seasonally stable (51-58 %, TdbhJehe NQ content is seasonally dependent; the
highest in winter, and somewhat lower in spring amtumn. In summer when the dissociation of
NH4NOs plays an important role the NQontent is very low and its nitrogen is partitidrfeom the

aerosol phase to gas phase (Stelson et al., 1979).

The seasonal trend 6t°N of TN, with the lowest values in winter and high@én summer, has been
observed in other studies from urban Paris (Wid20@7), rural Brazil (Martinelli et al., 2002), Eas
Asian Jeju Island (Kundu et al., 2010) and rura¢iBmyeong Island (Park et al., 2018) sites in Korea
However, different seasonal trendsd&IN of TN in Seoul (Park et al., 2018) show that ssehsonal

variation does not always occur.

Figure 3 shows changes PN values as a function of the main nitrogen comptsén TN, with
different colors for different days. There are tvisible trends for a type of nitrogen. Althoutfi is
more depleted with increasing contents ofsNi® TN, the opposite is true for NHand OrgN. The
strongest dependence for most bulk data is exptdssa strong negative correlation betw8&h and
the fraction of N@ in TN (Fig. 3). In all cases, the dependence dutie winterEvent is completely
opposite to the rest of the bulk data (Fig. 3),g&sing the presence of different processesfit
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values, which is characterized by a strong positimeelation betweed>N and NQ-N/TN (0.98).

This point will be discussed in section 3.4.

Considering the individual nitrogen components,esalvstudies (Freyer, 1991; Kundu et al., 2010;
Yeatman et al., 2001b) showed seasonal trenéf$Ndof NOs, with the lowest™N in summer and the
highest in winter. Savard et al. (2017 and refegentberein) summarized four possible reasons i®r th
seasonality 06'°N of NOz'; namely, (i) changes in NGemissions, (ii) influence of wind directions in
the relative contributions from sources with diffet isotopic compositions, (iii) the effect of
temperature on isotopic fractionation and (iv) cleaintransformations of nitrogen oxides over time
with a lower intensity of sunlight, which can letdhigherd'®N values of atmospheric nitrate during
winter months, as shown by Walters et al. (201Badur study, it is most likely that all these faist

contributed, to a certain extent, to the nitrogarapic composition of NOthroughout the year.

Conversely, Kundu et al. (2010) reported high'€N values of NH'in summer than in winter and
reported highe6*N values of NH" than NQ, except for winter season. In sum, the contrilsutid
NH4" to 81°N overwhelms that of N@ Additionally, TN is composed of N NOs;” and OrgN. In
Figure 3, we can observe an enrichment®®fin TN in summer when the lowest N@ontribution
occurs. Thus, highei®N values of TN in summer are mainly caused by higindances of NH

originating from (NH).SQs, OrgN and ammonium salts of organic acids.

Furthermore, we observed one of the largest enecltsof°N of TN in summer aerosols as compared
to previous studies (Kundu et al., 2010 and refagsrtherein), which may be explained by several
reasons. First, the previous studies mainly focusetbtal suspended particles (TSP); however, we
focused on the fine fraction (PM1), whose surfdueutd be more reactive due to a larger surface area
per unit of aerosol mass than the coarse fractimhcansequently result in a higher abundancéhof
during the gas/particle portioning between MNthd NH*. Second, fine accumulation mode particles
have a longer residence time in the atmospherettteanoarse mode fraction, which is also a factor
that results in an enrichment 8N. Indeed, Mkoma et al. (2014) reported averaghenig'®>N of TN

in fine (17.4%., PM2.5) than coarse aerosols (12.P¥%10). Freyer (1991) also reported high&N

of NOs™ (4.2%o to 8%o) in fine aerosols (< 3.5 um) in compain with the coarse mode (-1.4%o to 5.5%o).
Third, a shorter sampling interval of our work (2dleads to more chance to collect episodic samples
such as the wintdevent, which could not be clearly detected due to aveda@verlapped) aerosols

over a longer sampling period (e.g., weekly samples

Similarly, as in this study, the high&dtN values in TN were observed in a few studies ftoenindian
region (Aggarwal et al., 2013; Bikkina et al., 20P&vuluri et al., 2010) where biomass burnindnés t

common source, and ambient temperatures are higérefore, in addition to the above reasons,

9
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temperature also plays a significant rolé>M enrichment. This point will be discussed in mdegail

in section 3.3.

Figure 4 shows th&™N of TN as a function of N© concentration. Samples with the highestsNO
concentrations (>6 pg™n=5) show an averagé®N of 13.3+0.7%. . Assuming that NOn the fine
aerosol fraction consists predominantly of /NI (Harrison and Pio, 1983), it can be stated that
ammonium nitrate is a source of nitrogen at theeiio8 site, witt5°N values at approximately 13.3%o,
which is similar to the winter values &N in NOs in other studies. Specifically, Kundu et al. (2p10
reported a winter average &N of NOs at +15.9 %o from a Pacific marine site at Gosamig)&outh
Korea, whereas Freyer (1991) reported +9.2%o in daragely polluted site from Jilich, Germany.
Yeatman et al. (2001) reported approximately +9%enfra Weybourne coastal site, UK. Park et al.

(2018) reported 11.9%o in Seoul and 11.7%. from alrsite in Baengnyeong Island, Korea.

Considering thé'*N of nitrogen oxides, which are common precursdrgasticulate nitrate, we can
see that thé'®N of nitrogen oxides generated by coal combustkeeliX et al., 2012; +6 to +13%o,
Heaton, 1990) or biomass burning (+14%o, Felix et24112) are in the same range with 3N during

the period of enhanced concentrations of sN@hesed™N values of nitrogen oxides are also
significantly higher than those from vehicular ex$ta(-13 to -2%. Heaton, 1990; -19 to +9%. Walters
et al., 2015b) or biogenic soil (-48 to -19%., LidaWang, 2008). Because of the only slight diffeeenc
between above report&PN of nitrogen oxides and ob#°N of TN during maximal N@ events, the
isotope composition is probably influenced by thecpss of kinetic isotopic fractionation in fodsiél
combustion samples during heating season as réfeyr€kzka et al. (2016) as one of three possible
processes. Thus®N values around 13.3%o. (Fig. 4) are probably charistic of fresh emissions from
heating (both coal and biomass burning) because tveues are obtained during the domestic heating

season.

The exponential curves in Fig. 4 represent a bayridavhichd*N values are migrating as a result of
the enrichment or depletion BN, which is associated with the removal or loadii§jlOs™ in aerosols.
These curves represent two opposite chemical pgesewith a match at approximately 13.3%o, which
showed a strong logarithmic correlation (r=0.96imywinter Event, green line, and -0.81 for the rest
of points, black line, Fig. S3). These results ¢atk a significant and different mechanism by which
nitrogen isotopic fractionation occurs in aerosdis.both cases, the decrease in nitrate leads to
exponential changes in the enrichment or depletiof?N from a value of 13.3%.. In the case of
enrichment, in addition to a higher proportion difthan NQ, the dissociation process of h¥Ds;

can cause an increasetN of TN during a period of higher ambient temperesy as hypothesized by
Pavuluri et al. (2010).
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OrgN has not been widely studied as compared ticpkate NQ and NH*, although it represents a
significant fraction of TN (e.g., Jickells et &013; Neff et al., 2002; Pavuluri et al., 2015gWe 5
shows the relationship betwe&iN of TN and OrgN. Organic nitrogen consists orgarimpounds
containing nitrogen in water soluble and insoluliactions. The majority of samples have a
concentration range of 0.1-0.5 pug fgray highlight in Fig. 5), which can be considkes background
OrgN at the KoSetice site. During the domestic ingadeason with the highest concentrations o NO
and NH*, we can observe a significant increase in Orghh@itN again at approximately 13.3%o,
which implies that the isotopic composition of OrgiNdetermined by the same source. In the case of
emissions from combustion, OrgN originates maimgnf biomass burning (Jickells et al., 2013 and
references therein), and thus, elevated concemtsatf OrgN (as well as high NGnd NH* conc.)
may refer to this source. On the other hand, lapkinthe trend of OrgN/TN in dependencedsiN
(Fig. 3), it is more similar to the trend of MEN/TN than NQ-N/TN. Thus, it can be considered that
the changes in th&*>N of OrgN in samples highlighted as a gray arekigh 5 are probably driven
more by the same changes in Nplarticles, and especially in summer with elev&egN in TN (Table

1).

3.2.  Total carbon and its §C

Thed'3C of TC ranged from -28.9 to -25.4%. (Fig. 6) ahd lowest'*C we observed in field blank
samples (mean -29.2%o, n=7), indicating that theelsvgummer values in particulate matter were close
to gas phase values. QitfC values are within the range reported for paréitull C (-29%o to -15%o)

as summarized by Gensch et al. (2014). The lowalstes are associated with fine particles after
combustion and transport (Ancelet et al., 2011; M§id2006) while the highest values are associated
with the coarse fraction and carbonate contribufiéemwvamura et al., 2004). This broad range can be
explained by the influence of marine aerosols (@ablet al., 2016), different anthropogenic sources
(e.g., Widory et al., 2004), as well as differeistributions of C3 and C4 plants (Martinelli et, &002)
resulting in differen6**C values in the northern and southern hemisph&ashjer, 1989). Thé'*C
values at the Ko3etice site fall within the rangenmon to other European sites. For example, a rural
background site in Vavihill (southern Sweden, raffe7 to -25.6%0, Martinsson et al. (2017)), urban
Wroclaw (Poland, range -27.6 to -25.3%0, Gorka ef24114)), different sites (urban, coastal, for@st)
Lithuania (East Europe, Masalaite et al., 2015,7204s well as urban Zurich (Switzerland, Fissgha e
al. (2009)).

The range of TGC values is significantly narrower than that of RN due to a higher number of
carbonaceous components in the aerosol mixtureevisosope ratio overlaps one another. However,
it is possible to distinguish low&tC values in summer (Table 1), which may indicat@matribution

from higher terrestrial plant emissions. Similafartinsson et al. (2017) reported lovifC values
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in summer in comparison with other seasons, wihie explain by high biogenic aerosol contributions

from C3 plants.

A similar dependence @&C on the TC concentration was observed by Fisseha €009), where
winter*C enrichment was associated with WSOC (water seloianic carbon) that originated mainly
from wood combustion. Similarly, at the KoSeticatistn, different carbonaceous aerosols were
observed during the heating season (Oct.—Apr.) thanmmer (Mbengue et al., 2018; Vdd et al.,
2015). Moreover, winter aerosols at the KoSetite wiere probably affected by not only biomass
burning but also coal burning (Schwarz et al., 20®bich can result in higher carbon contents and
more 3C-enriched particles (Widory, 2006). Furthermorasdxd on the number of size distribution
measurements at the KoSetice site, larger particdes observed in winter in comparison with summer,
even in the fine particle fraction (Zikova and Zdir2013), which can also have an effect on lower
813C values in summer. Thus, the relatively IBWC values in our range (up to -28.9%o) are because
fine particles have lowes'*C values in comparison with coarse particles priybdbe to different
sources of TC. (e.g., Masalaite et al., 2015; Bkipet al., 2016).

3.3. Temperature dependence and correlations d@f*°N and §1°C with other variables

Tables 2 and 3 show Spearman's correlation cogffigi(r) ofs®N and§**C with different variables
that may reflect some effects on isotope distrangi In addition to year-round correlations,

correlations for each season, as well as foEtlat, are presented separately.

Correlations 06'°N in winter and summer are often opposite (e.g.;T# -0.40 in winter vs. 0.36 in
summer, for NH" -0.42 in winter vs. 0.40 in summer), indicatingttherosol chemistry at the nitrogen
level is different in these seasons. Similarly, teatradictory dependence betwedfN and TN in
summer and winter was observed by Widory (200710 samples from Paris. Widory (2007)
connected this result with different primary nitemgorigin (road-traffic emissions in summer and no
specific source in winter) and following secondg@rnpcesses associated with isotope fractionation
during degradation of atmospheric NOx leading to distinct pathways fo*N enrichment (summer)

and depletion (winter).

From a meteorological point of view, a significamttrrelation of§'®N with temperature has been
obtained, indicating the influence of temperaturéh® nitrogen isotopic composition. The dependence
of 31°N of TN on temperature (Fig. 7) is similar to thdserved by Gika et al. (2016) fo6**N of
NH,* from precipitation; however, it is the oppositetudt observed by Freyer (1991) 8N of NOs'.

The aforementioned studies concluded that thepsogguilibrium exchange between nitrogen oxides

and particulate nitrates is temperature dependehtauld lead to moreN enriched N@ during the
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cold season (Freyer et al., 1993; Savard et al.7R2®lthough Savard et al. (2017) reported a simil
negative temperature dependenceteM of NH," in Alberta (Canada), most studies reported a ipesit
temperature dependence N of NH," that is stronger than that f8t°N of NOs (e.g., Kawashima
and Kurahashi, 2011; Kundu et al., 2010). The neé&sthat NH gas concentrations are higher during
warmer conditions, and thus the isotopic equilibriexchange reaction, i.e., M) < NH4*(p), which

leads t0"®N enrichment in particles, is more intensive.

All the considerations mentioned above indicaté sheesulting relationship betwe&tN of TN and
temperature is driven by the prevailing nitrogerecps, which is Nk in our case. A similar
dependence was reported by Pavuluri et al. (20&8yden temperature aséPN of TN in Chennai
(India), where NH' strongly prevailed. They found the best corretatietweerd>N and temperature
during the colder period (range 18.4-24.5°C, avh2ZC); however, during warmer periods, this
dependence was weakened. In our study, we obstr@dighest correlation é£°N with temperature
in autumn (r=0.58, temp. range -1.9 to 13.9°C, &§°C), followed by spring (r=0.52, temp. range
1.5-18.7°C, avg. 9.3°C), but there was even a neghtit insignificant correlation in summer (temp.
range: 11.8-25.5°C, avg. 17.7°C). This result iaths that ambient temperature plays an importéet ro
in the enrichment/depletion &iN; however, it is not determined by a specific tenapure range but
rather the conditions for repeating the process‘esbporation/condensation”, as shown by the
comparison with the work of Pavuluri et al. (20110)s likely that isotopic fractionation caused ttwe
equilibrium reaction of Nk(g) <« NHs*(p) reaches a certain level of enrichment undehédrig

temperature conditions in summer.

In summer,5°N correlates positively with NH (r=0.40) and S@¥ (0.51), indicating a link with
(NH4)2SQ; that is enriched bi’N due to aging. Figure 8 shows an enrichmertNfas a function of
the molar ratio of N&f/SQ:*. The highest NEH/SQ? ratios, showing an ammonia rich atmosphere,
were observed during winter, late autumn and espting along with high abundance of N@at is
related to favorable thermodynamic conditions dyirieating season and enough ammonia in the
atmosphere. Gradual decreasing molar ratios of /8> during spring indicate a gradual increase of
ambient temperatures and therefore worsened thgmaatc conditions for N@formation in aerosol
phase, which was accompanied by a visible decri@ate nitrate content in aerosols (Fig. 8). The
increase of temperatures finally leads to the™&0.? ratio reaching 2 at the turn of spring and summer.
Finally, summer values of NiISQ,? molar ratio below 2 indicate that $Qn aerosol particles at high
summer temperatures may not be completely satuvetbcammonium but it can be composed from
mixture of (NH).SQ, and NHHSQ, (Weber et al., 2016The equilibrium reaction between these two
forms of ammonium sulfates related to temperatsodlation during a day and due to vertical mixing
of the atmosphere is a probable factor which ldadscreased values &N in early summer.

Ammonia measurements, that were carried out atKibdetice site until 2001, showed that NH
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concentrations in summer were slightly higher than in winter
(http://portal.chmi.cz/files/portal/docs/uocol/islkadit roc/2000 _enh/CZE/kap _18/kap_18 026 .jytml

which supports temperature as a main factor inflirenNH;"/SQ:> ratio at KoSetice. In this context,

we noticed that 25 out of 33 summer samples haviarnmatios of NH'/SQ? below 2, and the
remaining samples are approximately 2, and théivelabundance of NQin PM1 in those samples is

very low (ca. 1.7 %).

Recently, Silvern et al. (2017) reported that orgaerosols can play a role in modifying or retagdi
the achievement of 4Q:-NH3 thermodynamic equilibrium at NEHSQ,2 molar ratios of less than 2,
even when sufficient amounts of ammonia are presegas phase. Thus, an interaction between
sulfates and ammonia may be hindered due to tHerpreial reaction with aged aerosols coated with
organics (Liggio et al., 2011). In thermodynamiaiéfrium, partitioning between gas (NHand
aerosol (NH) phases should result in even largéiN values of particles in summer, however,
measurements show a different situation. Sunditiét values are highest but further enrichment was
stopped. Moreover, we observed a positive (andfiignt) correlation between temperature akiC
(r=0.39) only in summer, whereas the correlatioafficient of 3'°N vs. temperature is statistically
insignificant, suggesting that while valuesd4iN reached their maxima, tlé°C can still grow with

even higher temperatures due to the influencegdrics in summer season.

As seen in Table 3, summertime positive correlatiohd*C with ozone (r=0.66) and temperature
(0.39) indicate oxidation processes that can iotliydead to an enrichment &iC in organic aerosols
that are enriched with oxalic acid (Pavuluri andMdenura, 2016). This result is also supported by the
fact that the content of oxalate in PM1, measuret) was twice as high in spring and summer than
in winter and autumn. The influence of temperatmé&'C in winter is opposite to that in summer.
The negative correlation (-0.35) in winter probabigicates more fresh emissions from domestic

heating (probably coal burning) with highifC values during cold season.

The whole year temperature dependencé'# is the opposite of that observed &N (Fig. 7, left),
suggesting moré®C-depleted products in summer. This result is dobbaonnected with different
carbonaceous aerosols during winter (anthropogamissions from coal, wood and biomass burning
with the enrichment ofC) in comparison with the summer season (primaogémic and secondary
organic aerosols with lowe'*C) (Vodicka et al., 2015). The data 8tC in Fig. 7 are also more
scattered, which indicates that in the case ofararthe isotopic composition depends more on ssurce

than on temperature.

Correlations o6C with OC are significant in all seasons; theystrengest in spring and weakest in

summer (Table 3). Correlations &fC with EC, whose main sources are combustion psesesom
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domestic heating and transportation, are signifi¢an0.61-0.88) only during the heating season
(autumn—spring, see Table 3), while in summer thieetation is statistically insignificant (0.28)his,
the isotopic composition of aerosol carbon at théd€ice station is not significantly influencedbg
emitted from transportation; otherwise the yeamuabuorrelation betweest*C and EC would suggest
that transportation is significant source of EGummer. This result can be biased by the factERat
constitutes on average 19% of TC during all seasdmsever, it is consistent with positive correbais
betweend™*C and gaseous NQas well as particulate nitrate, which is alsaiigant in autumn to
spring. This result is also supported by the nggatorrelation 06**C with the EC/TC ratio (r=-0.51),

which is significant only in summer.

It should be mentioned that the wind directionsrythe campaign were similar, with the exception
of winter season, when southeast (SE) winds pegdee Fig. S4 in SI). We did not observe any

specific dependence of isotopic values on windatimes, except for thEvent.

3.4. Winter Event

The winterEvent represents the period from January 23 to Febrba®p14, when an enrichment of
13C and substantial depletion '8N occurred in PM1 (see Figs. 1 and 9 for detailé.do not observe
any trends of the isotopic compositionss&N andd**C with wind directions, except for the period of
the Event and one single measurement on December 18, 204tB tBe Event and the single
measurement are connected to SE winds through ®iend the Balkan Peninsula (Fig. 10). More
elevated wind speeds with very stable SE windsbserved on the site with samples showing the most
15N depleted values at the end of taent (Fig. 9). Stable weather conditions and the homeitg of

the results indicate a local or regional sourceckvis probably associated with the formation dfeges
(Fig. S5).

Although theEvent contains only 7 samples, high correlations araiobtl for5!°N ands'*C (Tables 2
and 3). Generally, correlations &N with several parameters during tBeent are opposite to those
of four seasons, indicating the exceptional natfréhese aerosols from a chemical point of view.
During theEvent, 3'°N correlates positively with N9(r=0.96) and N@-N/TN (0.98). Before th&vent,
we also observed the highest valueg®efl at approximately 13.3%o, which we previously ipi&ted

as an influence of the emissions from domesticihgatia coal and/or biomass burning. Positive
correlations of3'°C with oxalate and potassium (both 0.93) and thgatiee correlation with

temperature (-0.79) also suggest thatBtat is associated with fresh emissions from burningcesi

In contrast, we find that mo&t°N values with a depletion dfN are associated with enhanced ANH

contents (70-80 % of TN) and almost absence of M{rogen (see Figs. 3 and 4). Although some
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content of OrgN is detected during tBeent (Fig. 3), the correlation betweéfN and OrgN/TN is not
significant (Table 2). This result suggests thabgien with the lowesi'®N values is mainly connected
with NH4*, which is supported by a strong negative corrafabetweerd®>N and NH*/TN (-0.86).
Assuming that nitrogen in particles mainly origestfrom gaseous nitrogen precursors via gas-to-
particle conversion (e.g., Wang et al., 2017) dythreEvent, we could expect the nitrogen originated
mainly from NH; with depleted®N but not nitrogen oxides. Agricultural emissionsn both fertilizer
application and animal waste are important souotd¢Hs (Felix et al., 2013). Considering possible
agriculture emission sources, there exist sevaigative farms, with both livestock (mainly cows,
Holstein cattle) and crop production in the SE dimn from the KoSetice observatory — namely,
Agropodnik Ko3etice (3.4 km away), Agrodamiepnik (6.8 km) and AgrosedervenaRecice (9.5
km). Skipityt et al. (2016) reported lowet°N values of TN (+1 to +6%o) for agriculture-derived

particulate matter of poultry farms, which are elés our values obtained during teeent (Fig. 9).

Thed'™N values from thé&vent are associated with an average temperature ofl#16 (Figs. 7 and
9). Savard et al. (2017) observed the lowest vatfi8®N of NHs with temperatures below -5°C, and
the NH," particles that were simultaneously sampled wese edotopically lighter compared to the
samples collected under higher temperature conditibhey interpreted the result as a preferential d
deposition of heavier isotopiéNH3 species during the cold period, whereas lightlH; species
preferentially remains in the atmosphéfewever, cold weather can also lead to a declir@rohonia
fluxes from aerosol water surfaces, soil, etc. (R@nd Aneja, 2002), which generally result irefidt

of ammonia in the atmosphere. Emissions from faamasnot as limited by low temperature and are
thus a main source of ammonia in this deficienayestThe removal of NfHeads to a non-equilibrium
state between the gas and aerosol phases. Subkerta of equilibrium exchange of Nbttween the
gas and liquid/solid phases is considered to cthesé&H*/SQ? molar ratios below 2 for the three
most*N depleted samples (Fig. 8). However, under sugciditions, nitrate partitioning in PM is
negligible. It should be mentioned, that a defickeaf ammonia in atmosphere during the winter Event
leads to completely opposit#°N values than in summer (see section 3.3) evenolfamratios

NH4*/SQO2 are below 2 in both cases.

Unidirectional reactions of isotopically lighter Ni#ith H,SQ, in the atmosphere are strongly preferred
by the kinetic isotope effect, which is, after saveninutes, followed by enrichment #NH; due to
the newly established equilibrium (Heaton et €897). Based on laboratory experiments, Heaton et al
(1997) estimated the isotopic enrichment factowben gas Nkland particle Nk, ennanns, to be
+33%o. Savard et al. (2017) reported an isotopifedihce A51°N) between NH (g) and particulate
NH4" as a function of temperature, wheres®°N for a temperature of approximately 0°C was
approximately 40%o. In both cases, after subtraatibiiese values (33 or 40%.) from tB€N values

of the measureBvent, we obtain values from approximately -40 to -28%ojckirare in a range &f°N-
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NHs (g) measured for agricultural emissions. Thesaeshbre especially in good agreement Wit
of NH; derived from cow waste (ca. -38 to -22%., Felialet2013).

Thus, during the course of the wintévent, we probably observed PM representing a mixture of
aerosols from household heating characterized glgehiamounts of N©and low value (8.2%o) of
8N of TN, which are gradually replaced B¥N-depleted agricultural aerosols. The whole process
occurred under low temperature conditions that fivasinitiated by a deficiency of N¢followed by

an unidirectional (kinetic) reaction of isotopigalighter NHs(g) — NH.*(p), in which NH is mainly

originated from agricultural sources SE of the Km&estation.

If the four lowest values @&*°N mainly represent agricultural aerosols, themit be suggested that the
81%C values from the same samples should originate fame sources. During the winEent,, the
81%C values ranging from -26.2 to -25.4%. belong tortfest’*C enriched fine aerosols at the KoSetice
site. However, similag*C values were reported by Widory (2006) for pagsdirom coal combustion
(-25.6 to -24.6%o). Skipitytet al. (2016) reported a mean valuéB€ of TC (-23.7+1.3%o) for PM1
particles collected on a poultry farm, and suggkste litter as a possible source for the partidiéss,

in the case 08'3C values that we observed during the wirteent are probably caused by emissions
from domestic heating than from agricultural sosrdehis is also supported by increased emissions of

SO, from coal combustion to formation of sulfates.

4. Summary and Conclusions

Based on the analysis of year-round data of stablgon and nitrogen isotopes, we extracted impbrtan
information on the processes taking place in fireosols during different seasons at the Central
European station of KoSetice. Seasonal variatiogre wbserved fo3'3C andd®N, as well as for TC
and TN concentrations. The supporting data (ians,i EC/OC, meteorology, trace gases) revealed
characteristic processes that led to changes iisd¢bh@pic compositions on the site.

The main and gradual changes in nitrogen isotamigposition occurred in spring. During early spring,
domestic heating with wood stoves is still commwith high nitrate concentrations in aerosols, which
decreased toward the end of spring. Additionale temperature slowly increases and the overall
situation leads to thermodynamic equilibrium exdeametween gas (NNH3-SO; mixture) and
aerosol (N@- NHs"- SO mixture) phases, which causes an enrichmeliNah aerosols. Enrichment

of 1N (A8*®N) from the beginning to the end of spring was agjmnately +10%.. Gradual springtime
changes in isotopic composition were also obsefoed'*C, but the depletion was small, and'*C

was only -1.4%o.
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In summer, we observed the lowest concentrationsGand TN; however, there was an enhanced
enrichment of°N, which was probably caused by the aging of ngremis aerosols, where ammonium
sulfate and bisulfate is subjected to isotopictfeamation via equilibrium exchange between J{H

and NH*(p) when NH'/SQ? molar ratio was less than 2. However, summer gadfié'>N were still
among the highest compared with those in previtudies, which can be explained by several factors.
First, a fine aerosol fraction (PM1) is more reastiand its residence time in the atmosphere igdion
than coarse mode particles, leading®d enrichment in aged aerosols. Second, summer @syos
compared to other seasons, contain a negligibleuatmaf nitrate, contributing to a decrease in the
average value @*°N of TN. Although the summe*°N values were the highest furti& enrichment
was minimized at this season. On the other handhyhwserved an enrichment 6€ only in summer,
which can be explained by the photooxidation preesf organics and is supported by the positive
correlation of3**C with temperature and ozone. Despite this slovickment process, summertime
813C values were the lowest compared to those in a@sons and referred predominantly to organic

aerosols of biogenic origin.

In winter, we found the highest concentrations@fand TN. Lower winted'°N values were apparently
influenced by fresh aerosols from combustion, whigre strongly driven by the amount of nitrates
(mainly NH\NOs in PM1), and led to an average winter value (13.3%.) of 3'°N of TN. Winterd'C
values were more enriched than summer values, varlnvolved with the emissions from biomass

and coal burning for domestic heating.

We observed an aerosol event in winter, which weracterized by low temperatures below the
freezing point, stable southeast winds, and a @nigatope signature with a depletion el and
enrichment of*C. The wintelEvent characterized b¥N depletion was probably caused by preferential
unidirectional reactions between isotopically liglninmonia, originated mainly from agriculture
emissions, and sulfuric acid, resulting in (l3OQ; and NHHSQ. This process was probably
supported by long-term cold weather leading tofei@acy of ammonia in the atmosphere (due to dry
deposition and/or low fluxes), and subsequent sggion of nitrate to partitioning in aerosol.

The majority of yearly data showed a strong coti@abetweend!>N and ambient temperature,
demonstrating an enrichment’8fl via isotopic equilibrium exchange between the ayas particulate
phases. This process seemed to be one of the neaimamisms fot°N enrichment at the Ko3etice site,
especially during spring. The mdsi-enriched summer and mdSN-depleted winter samples were

limited for the partitioning of nitrate between gasl aerosols.

This study revealed a picture of the seasonal cytE°N in aerosol TN at the KoSetice site. The
seasonad!*C cycle was not so pronounced because they magpigrtl on the isotopic composition of

primary sources, which often overlapped. Althoupbtpchemical secondary oxidation reactions are
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647  driven by the kinetic isotopic effect, the phasmsfer probably did not play a crucial role in tase
648  of carbon at the Central European site.
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904 Table 1: Seasonal and entire campaign averageantlasd deviations, (medians in brackets) of
905 different variables.
Autumn Winter Spring Summer Year
N of samples 25 45 43 33 146
TC [ug m? 3.61+1.61 4.76+2.44 3.78+2.03 2.71+0.76 3.81+2.03
(from EA) (3.30) (3.88) (3.04) (2.68) (3.35)
TN [ug m? 1.56+1.18 1.67+0.96 2.00+£1.62 0.81+0.29 1.56+1.22
HY (1.33) (1.45) (1.47) (0.82) (1.26)
51C [%o] -26.8+0.5 -26.7+0.5 -27.1+0.5 -27.8+0.4 -27.1+0.6
> (-26.9) (-26.7) (-27.0) (-27.7) (-27.0)
51N [%o] 17.1+2.4 13.1+4.5 17.6£3.5 25.0£1.6 17.845.5
o0 (16.9) (15.2) (17.3) (25.1) (16.9)
TC/PM1 [%] 2846 (26) 3348 (32) 38+15 (35) 3146 (30) 33411 (31)
TN/PM1[%] 1143 (11) 1143 (12) 1744 (17) 9+2 (9) 1244 (12)
F)' /33"'\" TN 2146(21)  25:8(28)  22:8(21)  5:3(4) 19+10 (20)
'[})‘ /'0*]4 NN 5146 (51) 51+9 (49) 58+7 (60) 57+6 (57) 548 (54)
&?N’ ™ 2818 (26) 2518 (23) 2048 (19) 39+6 (38) 27+10 (25)
TC/TN 2.77£1.10 3.34+1.66 2.33+0.98 3.60+1.23 3.01+1.38
(2.60) (2.68) (2.34) (3.45) (2.61)
906
907 Table 2: Spearman correlation coefficients (r)d&N with various tracers. Only bold values are
908 statistically significant (p-values < 0.05).
N vs. Autumn  Winter*  Spring Summer  Year* Event
TN -0.30 -0.40 -0.70 0.36 -0.54 0.93
TN/PM1 -0.63 -0.50 -0.02 0.37 -0.35 0.36
NO3z-N/TN -0.39 -0.04 -0.73 -0.26 -0.77 0.98
NH4-N/TN 0.16 -0.30 0.60 0.52 0.42 -0.86
OrgN/TN 0.20 0.38 0.20 -0.33 0.51 -0.71
NOz -0.41 -0.35 -0.80 -0.03 -0.78 0.96
NH4* -0.22 -0.42 -0.61 0.40 -0.44 0.75
OrgN -0.26 -0.27 -0.56 0.30 -0.25 0.71
SO# -0.07 -0.38 -0.30 0.51 0.03 -0.57
CI -0.37 -0.18 -0.74 -0.37 -0.74 0.99
O3 (gas) 0.45 0.14 0.15 -0.02 0.40 -0.71
NO: (gas) -0.53 -0.34 -0.72 0.20 -0.64 0.86
NOJ/NO (gas) -0.51 -0.26 -0.82 0.14 -0.76 0.82
Temp. 0.58 0.30 0.52 -0.21 0.77 -0.43
909 *Event data are excluded from winter and year cdsas
910
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912
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914
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Table 3: Spearman correlation coefficients (r)d61C with various tracers. Only bold values are

statistically significant (p-values < 0.05).

d°C vs. Autumn Winter*  Spring Summer  Year* Event
OoC 0.64 0.63 0.91 0.39 0.75 0.75
EC 0.61 0.74 0.88 0.28 0.84 0.46
EC/TC 0.06 0.06 0.13 -0.51 0.32 -0.32
TC/PM1 -0.16 -0.05 -0.40 0.22 -0.09 0.32
NOz 0.74 0.52 0.71 0.12 0.76 0.39
NH4* 0.84 0.59 0.80 0.42 0.66 0.75
Oxalate 0.34 0.62 0.71 0.65 0.25 0.93
SO 0.80 0.64 0.73 0.41 0.34 0.54
K* 0.84 0.63 0.70 0.47 0.76 0.93
Cl 0.44 0.62 0.68 0.44 0.76 0.25
CO (gas) 0.21 0.53 0.60 0.32 0.37 0.68
O3 (gas) 041  -0.26 0.14 0.66 -0.33 0.11
NO; (gas) 0.67 0.38 0.70 0.18 0.69 0.32
NO,/NO (gas) 0.72 0.65 0.67 0.68 0.78 0.96
Temp. -0.33 -0.35 -0.20 0.39 -0.57 -0.79
*Event data are excluded from winter and year ddsas
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NOAA HYSPLIT MODEL
Backward trajectories ending at 0600 UTC 05 Feb 14
GDAS Meteorological Data
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Job ID: 126443 Job Start: Mon Feb 27 08:35:39 UTC 2017

Source 1 lat.: 49.57326 lon.: 15.08064 height: 500 m AGL

Trajectory Direction: Backward  Duration: 24 hrs

Vertical Motion Calculation Method: Model Vertical Velocity

954 Meteorology: 0000Z 1 Feb 2014 - GDAS1

955  Fig. 10: NOAA HYSPLIT (Stein et al., 2015) 24 h kaard air mass trajectories at 500 m above
956  ground level for the observation site from 30 Jatil & Feb 2014 (right).
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