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Abstract. The relative contribution of eight nitrated arorsatompounds (NACs: nitrophenols and nitrated shti@cids) to
the light absorption of aqueous particle extraots particulate brown carbon were determined frorosa particle samples
collected in Germany and China.

High-volume filter samples were collected duringcmpaigns, performed at five locations in twosses: (1) two campaigns
with strong influence of biomass burning (BB) aeies at the TROPOS institute (winter, 2014, urbaokground, Leipzig,
Germany) and the Melpitz research site (winter,&20wlral background); (II) two campaigns with sgoinfluence from
biogenic emissions — at Melpitz (summer, 2014) thedforest site Waldstein (summer, 2014, Fichtdlgeb Germany), and
(1) two CAREBeijing-NCP campaigns — at Xiangheaufsmer, 2013, anthropogenic polluted background) Afehgdu
(summer, 2014, anthropogenic polluted backgrourid avdistinct BB-episode), both in the North Chirfain.

The filter samples were analyzed for NAC conceitret and the light absorption of aqueous filteraots was determined.
Light absorption properties of particulate brownbza were derived from a seven-wavelength Aethateméuring the
campaigns at TROPOS (winter) and Waldstein (sumnidg light absorption of the aqueous filter extsagas found to be
pH dependent, with larger values at higher pH.Inegal, Abs;, ranged from 0.21-21.8 Mhunder acidic conditions and
0.63-27.2 Mt under alkaline conditions, over all campaigns. ®hserved MAEy, was in a range of 0.10-1.7% o and
0.24-2.57 rhg? for acidic and alkaline conditions, respectivéipr MAEs7o and Abszq, the observed values were higher in
winter than in summer, in agreement with otheristsidlhe lowest MAE was observed for the Waldsfgirmmer) campaign
(average of 0.17+0.03%gY), indicating that freshly emitted biogenic aerssaie only weakly absorbing. In contrast, a strong
relationship was found between the light absorppicperties and the concentrations of levoglucosampborating findings
from other studies.

Regarding the particulate light absorption at 3i#) a mean particulate light absorption coefficiapt s700f 54 Mm* and 6.0
Mm* was determined for the TROPOS (winter) and Wald§gimmer) campaigns, respectively, with averameributions
of particulate brown carbon tmps 3700f 46% at TROPOS (winter) and 15% at Waldsteim{sier). Thus, the Aethalometer
measurements support the findings from aqueows #iktracts of only weakly absorbing biogenic aelos comparison to
the more polluted and BB influenced aerosol at TRSRwinter).

The mean contribution of NACs to the aqueous ektiglet absorption over all campaigns ranged fra0®6—1.25 % under

acidic conditions and 0.13 %-3.71 % under alkationditions. The high variability among the measweptsites showed
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that the emission strengths of light absorbing coumals and the composition of brown carbon were défgrent for each
site. The mean contribution of NACs to the partidelbrown carbon light absorption was 0.10£0.0&eétd{c conditions) and
0.13+0.09 % (alkaline conditions) during the Wadilst (summer) campaign and 0.25+0.21 % (acidic dandi) and
1.13+1.03 % (alkaline conditions) during the TROP@#hter) campaign.

The average contribution of NACs to the aqueousaektight absorption over all campaigns was fotmde 5 times higher
than their mass contribution to water-soluble orgaarbon indicating that even small amounts ditligbsorbing compounds

can have a disproportionately high impact on tgbktlabsorption properties of particles.

1. Introduction

Organic components of atmospheric aerosols ardlysteated as solely light scattering in globahwte models over the
near-ultraviolet and visible range (UV/Vis) of thelar spectrum and therefore only make a negatimé&ribution to radiative
forcing (Feng et al., 2013). However, the existenfdegght absorbing organic carbon (OC) has becarmee and more evident
in the past decade and can be a regionally impoptagnomenon (see reviews of Andreae and Gele(2866) and, more
recently, Laskin et al. (2015) and references theaad Ulevicius et al. (2010)). In contrast todiacarbon (BC), which
absorbs light efficiently over the whole visibleda/V region, light absorbtion by OC exhibits a tfist wavelength
dependence. The light absorption sharply increagbésdecreasing wavelength, making it an efficiabsorber in the UV/Vis
range. Due to its characteristic yellowish to brahrcolor, light absorbing OC is also often addedsss brown carbon (BrC).
The light absorption by BrC over the whole solazatpum are found to be relatively weak compare®@q(Liu et al., 2013a).
Nevertheless, at near UV/Vis wavelengths (300-58) BrC has a non—negligible effect on radiativeciiog and the regional
and global climate (e.g., Bahadur et al., 2012;gFetnal., 2013; Jo et al., 2016; Park et al., 20E@) instance, modelling
studies showed that the radiative forcing of Br@tree to BC is up to 25 % (Feng et al., 2013).tkRermore, BrC light
absorption in the UV range of the sectrum may dfterconcentrations of atmospheric oxidants dwedaced photolysis rates
(Jacobson, 1999).

The light absorption of ambient particles is gehlgrquantified by the determination of the partiatd light absorption
coefficientbass (in M%), which can be normalized by the sample massvie thie mass absorption efficiency (MAE i qn
1. MAE can then further be used to estimate théatae forcing of particulate BrC, which makes it nportant parameter
for modelling studies. These models start with nediemitted mass, which is converted into concéintra using a dispersion
model. The absorption of aerosols in the atmospisetteen determined using the appropriate MAE (Feingl., 2013). The
wavelength dependence of light absorption of aiglarsample is described by the absorption Angstesgonent (AAE)
based on the power-law dependencbgf

babsr, (ﬁ) —AAE
babs,)lz Az

: @)

BC has a weak wavelength dependence and often dnh &AL.0 is assumed, which is the Mie theoretialg, though

measured values range between 0.8-1.1 (Gyawali.,eP@09). Values greater than 1.1 indicate a ggeorwavelength

dependence, and give evidence for the presendesoftzers at lower wavelengths, such as BrC butralseral dust (Wang

et al., 2013).

Several methods exist to quantify the light absompproperties of BrC. Filter-based and multi-warejth measurement
techniques are commonly used to assess the cdrdrilnf BrC to the total aerosol light absorptidoosmuiller et al., 2009).
One of these instruments is the seven-wavelengthad@meter, which operates from 370 nm to 940 noe @ the main light

absorption of BrC at short wavelengths, the 370chamnel is of particular interest. To estimatedbmtributions of BrC and

BC to aerosol light absorption, a simple approaa$ebl on wavelength pairs and assumed AAESs to gissih between the

light absorption of BC and BrC has often been ysedk and Langridge, 2013; Sandradewi et al. 2008).



10

15

20

25

30

35

40

Another method is to extract aerosol particles satlvents, mostly water or methanol (e.g., Bosal.e2014; Chen and Bond,
2010; Cheng et al., 2011; Liu et al., 2013a). Theaatage of this approach is that BC is insoluhl¢hese solvents and
therefore removed by filtration. The extracts drent further analyzed by UV/Vis spectrophotometrgntnonly, light
absorption at 365 nm is used to characterize vsatleble BrC (e.g., Bosch et al. 2014; Cheng e2@11; Hecobian et al.
2010). This wavelength is in a range where thet lggisorption of inorganics does not interfere, whsrthe light absorption
of organics shows a sufficiently high intensity fldbian et al., 2010). Observed MAE values (relatetie water-soluble OC,
WSOC) for water-soluble BrC typically range betw@®#l and 1.80 Ag?(Cheng et al., 2016; Hecobian et al., 2010), where
higher values are usually found in winter.

Up till now, field measurements of the light absmp properties of water-soluble BrC have beengraned mostly in the US
and Asia, and measurements in Europe are scar@teDet al. (2005) investigated the optical prapsrof WSOC from
aerosol samples collected at a rural site in Pattithey found a seasonal variation with a highosoaptivity in autumn than
in summer. Some studies have reported the optioplgoties of humic-like substances (HULIS), which a part of WSOC
(e.g., Baduel et al., 2010; Utry et al., 2013).

Sources of BrC are very diverse. Known primary sesrare biomass burning (BB, Kirchstetter and Teatc2012; Lack et
al., 2013; Mohr et al., 2013), and fossil fuel aasidential coal combustion (Bond, 2001; Olsonl.e2815). Moreover, BrC
can be produced by secondary reactions of anthespodLin et al., 2015a; Nakayama et al., 2010piogenic precursors
(Flores et al., 2014; Kampf et al., 2012; Lin et 2014).

The molecular composition of BrC still remains kelsggunknown due to its complex nature. Severahgtts have been made
to characterize BrC at a molecular level (Lin et @015a, 2015b). Among the identified compoundugsoare large
macromolecules, like HULIS (Hoffer et al., 2006)da@ condensation products (Noziere and Esteve52@007), and
nitrogen-containing compounds formed by the reactibatmospheric aldehydes with ammonia or amieas, imidazoles
(Galloway et al., 2009; Lin et al., 2015b; Yu et @011). Nitrated aromatic compounds (NACs), wtacé the focus of the
present study, comprise another group of majorridmnbrs to BrC (Jacobson, 1999; Mohr et al., 20MN8jrophenols (NPs)
can be either emitted directly into the atmosphemg, by traffic exhaust (Nojima et al., 1983; Tpeet al., 1993) and wood
burning (Hoffmann et al., 2007) or secondarily fedrby the nitration of precursor compounds likerhesither in the gas
phase or liquid phase (Bolzacchini et al., 2001gnéi et al., 2002). NPs have been quantified at ndéfgrent locations,
especially in Europe (Cecinato et al., 2005; linwehal., 2010; Kahnt et al., 2013; Zhang et al1®0but there is surprisingly
little information on NP concentrations in Asia @h et al., 2015). Nitrated salicylic acids (NSAs\vh also been recently
detected in atmospheric aerosol particles (Kitakiogsal., 2012; van Pinxteren and Herrmann, 20873trong correlation
with nitrate was found by Kitanovski et al. (2012)samples from Ljubljana, Slovenia, suggestingadary formation from
precursor compounds such as salicylic acid, whashbdeen found in biomass-burning aerosols as i ltipgradation product
(linuma et al., 2007).

Studying BrC at a molecular level is consideredantgnt, since even trace levels of a compound cbhaic a significant
impact on the light absorption properties of p&sdKampf et al., 2012). However, little is knoaout the contributions of
specific light absorbing compounds to the lightapsion of either ambient aerosols or aqueous etdifeom ambient particles.
Mohr et al. (2013) estimated the relative contiitmuf NACs to particulate BrC light absorptiontie about 4 % at 370 nm
at a measurement site in the United Kingdom wighhinfluence of BB aerosols. Zhang et al. (2013%wdated a contribution
of NACs to aqueous extract light absorption of 4rétn the Los Angeles basin (USA).

The present study aims to expand the understamdiBgC and water-soluble BrC by investigating i@sal and temporal
variation in different, very diverse environmensh@n, rural, biogenic, high BB influence). Furtihere, the contribution of
individual light-absorbing organic compounds to Br€ light absorption is included.

2. Experimental
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2.1 Measurement campaigns

Measurements took place at five sampling sitegélierman and two Chinese), in six different atrhegp conditions. An
overview over the sites, sampling periods, geogcahboordinates, and the type of atmospheric envitent is given in Table
1. Average temperatures and wind speeds are gi&zearapaign averages.

The Leibniz Institute for Tropospheric ResearchQHOS (winter) campaign, 2014) is located in Leipaigastern Germany
and can be regarded as a moderately polluted urdekground site impacted by a mixture of variousrses (van Pinxteren
et al.,, 2016). During the measurement period titis was strongly influenced by BB aerosols, as datiid by high
levoglucosan concentrations. The first half of ttempaign (24 to 31 January) was characterized by 18 h mean
temperaturesO °C. Afterwards, the temperature gradually inceglamwards the end of the campaign (up to 10 °C2als
mean). The periods of lower temperatures oftencddéd with increased emissions from residentiatingaThe average wind
speed was 2.2 m's

The measurement site Waldstein in the Bavariant@liséhountains (Waldstein (summer) campaign, 201€wRa et al. (2006))
is located about 180 km south west of Leipzig Iova mountain range. The site is surrounded by forgkere spruce is the
dominant species. Measurements took place on a weheight of 21 m (about 780 m above sea leVég measurement
period was characterized by low wind speeds (<1s3)nand predominantly sunny weather (average temperatf 19 °C).
Because of the surrounding forest, the influencieeshly emitted biogenic organics is expectedednigh.

Measurements at Melpitz, a rural background sdeated about 50 km north east of Leipzig, wereiedrout in winter
(Melpitz (winter) campaign, 2014) and summer (M&gisummer) campaign, 2014). The Melpitz (wintesjnpaign was
characterized by an average temperature of -3 tCaanaverage wind speed of 2.8 ™ $he Melpitz (summer) campaign
was characterized by an average temperature o€2thd a mean wind speed of 2.0 ta She dates in winter and summer
correspond to the measurement periods of the TRQRME:r) and Waldstein (summer) campaigns, re$pegt Due to the
proximity of TROPOS and Melpitz, the two sites aruenced by similar regional air masses.

The Chinese measurement sites Xianghe (Xiangheni®ujrcampaign, 2013) and Wangdu (Wangdu (summenpaign,
2014) are both located in the Hebei Province inNbgh China Plain (NCP). The campaigns were phtti@ CAREBeijing-
NCP campaigns in 2013 and 2014. Xianghe is situngtaleen the two megacities of Beijing and Tiangind Wangdu is
located 170 km south west of Beijing. The averageperature and wind speed at the Xianghe (sumraempaign were 26 °C
and 0.8 m3, respectively. For the Wangdu (summer) campaigrean temperature of 26 °C and a mean wind speédrof
s! was measured. Both sites can be regarded as atdiankground stations for the NCP. In comparispthe summer
campaigns in Germany, the average:pP{particulate matter with an aerodynamic diametdi0 um) concentrations were

about three to seven times higher at the Chinése. si

2.2 Sampling, chemical analysis and back trajectogs

PMio was collected on quartz fiber filters with a D&iDHA-80 high volume filter sampler (MK 360, Murtt, Falun,
Sweden, flow rate: 0.5 fmin'). To minimize blank content, the filters were fraked for 24 h at 105 °C. Day and night
samples (11 h or 12 h, see Table 1) were takengledach campaign except for Melpitz (winter) andgile (summer), where
particles were collected for 24 h. After samplifilggrs were stored in clean aluminium tins at 20in the dark until extraction
(extraction was done within a year after samplitigls assumed, that storage at -20 °C preventswda degradation of the
sample. Analysis of WSOC, levoglucosan, NACs and/\li§/ spectrophotometry measurements were carrig¢dusing
aqueous filter extracts of different portions diefi in ultrapure water. Details on the differergéthrods are given below. The
aqueous filter extract was always filtered throagire-cleaned syringe filter (0.45um, AcrodiscR&l), Dreieich, Germany).
NACs and UV/Vis spectra were determined from theeays extract by extracting 11-28 pieces of therf{tl.54 creach)

into 10 mL of ultrapure water. NPs were analyzecbading to the method described in Teich et all@®ased on hollow
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fiber liquid—phase micro extraction for analyte iehment and capillary electrophoresis electrospi@yization mass
spectrometry (CE-ESI-MS, AgiledPCE instrument, Bruker Esquire 300@n trap mass spectrometer). Samples from the
Waldstein (summer) campaign were not analyzed fs,Mue to the limited availability of filter maiedr

NSAs were enriched by evaporating an alkalinizéguat of the aqueous filter extract (1.8 mL plu©920 10 mM NaOH)
to dryness in a vacuum concentrator (miVac, Genévdg UK) and redissolving the residue into 40 plirapure water.
Subsequent analysis was carried out by CE-MS agitled in van Pinxteren et al. (2012). Standardtanfdwas carried out
for quantifying the NSA compounds by co-injectingtandard solution plug at different concentratiewels into the CE
capillary after the sample plug.

Overall, eight NACs were determined as part of B8hitrosalicylic acid (3NSA) and 5-nitrosalicylecid (5NSA), 4-
nitrophenol (4NP), 2-methyl-4-nitrophenol (2M4NPR-methyl-4-nitrophenol (3M4NP), 2,6-dimethyl-4-miphenol
(2,6DM4NP), 2,4-dinitrophenol (24DNP) and 3,4-diathenol (34DNP). The standard compounds were psethin high
purity (>98%) from either Fluka or Sigma—Aldrich (Munich, 1@®ny).As a typical BB tracer, levoglucosan carphiel
investigate the influence of BB aerosols on theeole=d concentrations (linuma et al., 2009; Simer2§i02). Levoglucosan
was analyzed with a Dionex ICS-3000 system coupl@t a pulsed amperometric detector (Thermo Fis®aentific,
Sunnyvale, CA, USA). A portion of sampled filter.42 cnf) was extracted in 20 mL of ultrapure water by shakvith a
laboratory orbital shaker for 120 mibetailed chromatographic conditions and the mefisnalysis can be found elsewhere
(linuma et al., 2009). Levoglucosan data is avégldbr the campaigns Xianghe (summer), Wangdu (sehand TROPOS
(winter). No data is available for the Melpitz (wn), Melpitz (summer) and Waldstein (summer) caigms due to limited
amount of filter material.

OC and elemental carbon (EC) were determined flanilter by a thermal-optical method using the &in aboratory Dual-
Optical Carbonaceous Analyzer (Sunset Laboratary, [Figard, OR, USA) following the EUSAAR 2 tempene-protocol
and applying a charring correction using light srassion (Cavalli et al., 2010).

The aqueous extract for determining WSOC was pegbby extracting 21.5 c¢hof the filter samples from the Xianghe
(summer), Wangdu (summer), Melpitz (winter) and pitzl (summer) campaign and 38.5%der samples from the campaigns
Waldstein (summer) and TROPOS (winter) into 25 md 80 mL of ultrapure water, respectively, followleg 20 min of
ultrasonication. After filtration, the extract waggected into a TOC-¥pn analyzer (Shimadzu, Japan) operating in the NPOC
(nonpurgeable organic carbon) mode. More detaithemmethod can be found in van Pinxteren et 8092

The air mass origin was estimated by 96 h backdtajies calculated using the HYSPLIT model (Draglied Rolph, 2003).

2.3 Instrumentation for aerosol light absorption masurements

Particulate light absorption was measured by arsevavelength Aethalometer, model AE33 (Aerosola,&lovenia) during
the TROPOS (winter) and Waldstein (summer) camgaigrdetailed description of the instrument is givte Drinovec et al.
(2015). Briefly, aerosol particles are collectedadiiiter tape. Light attenuation is measured cardusly through this aerosol
laden filter (time resolution of 1s). When a fixattienuation threshold is reached, the tape advaoeesew filter spot. Filter-
based measurements feature non-linear loadingteffemused by the increasing deposition of the Eamphe filter loading
during the measurement, and filter matrix lightteéng effects (Weingartner et al., 2003). Thehsddmeter AE33 measures
the loading effect by using a dual-spot approadieres attenuation measurements are carried outtaineausly on two
differently loaded spots. Multiple scattering effeavere compensated by normalizing the particuliglet absorption
coefficientbapsagainst data from a Multi—-Angle Absorption PhottenédMAAP, Petzold and Schonlinner (2004)) whichswa
also located at the measurement sites. The detednmarmalization factor (for light scattering etf®cC was 1.69 for the
TROPOS (winter) campaign and 2.06 for the Waldsgirmmer) campaign. More details are given in tigpement Sect.
S1.
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The relative contribution of BrC and BC laws s7owas determined following the method used by Kitetisr and Thatcher
(2012). For the calculations, it was assumed tl@wBs the only absorbing species at 940 nm, OCB&hevere externally
mixed, and that the AAE of BC was 1.0. These assiomp are consistent with recently published stadiartinsson et al.,
2015; Mohr et al., 2013). Using Eq. (ws 370,scwas determined by extrapolating from 940 nm to3m)and the contribution

of BrC was then calculated using Eq (2):

babs,/’L = babs,/’L,BrC + babs,/’l,BC (2)
The AAE was fitted over all seven wavelength andjigen as the average of the wavelength dependendid the

measurement time resolution.

2.4 UV/Vis spectrophotometry

Light absorption of aqueous solutions were measwiéd a Lambda 900 UV/Vis-spectrophotometer (Peikimer) using
quartz cells (Secomam, France). The aqueous ékteracts were analyzed at p# (acidified with HSQ,, in the following
also indicated with the subscript “A”) and at9HD (addition of NaOH, in the following also indiedtwith the subscript “B”).
Hence, the target compounds were either in thaitrabor deprotonated state to obtain the lower appler limit for the
contribution of NACs to the BrC light absorption pminciple, it could be possible that introducingids or bases into the
system induces unforeseen chemical reactions imflng the total light absorption of the aqueousaett However, to
minimize the risk of potential chemical modificatithe solutions where kept in the dark and analymedoon as possible
after preparation by UV-Vis-spectrophotometry. Tifuence of the pH on MAE and the aqueous ligtgcaption coefficient
(Abs) is discussed in Sect. 3.1.1. Spectra wererded from 300 to 800 nm.

The interpretation of the aqueous extract lighbattson follows the method described by Hecobiaale€2010). In general,

according to Beer—Lambert—Law the absorbai¢edf a solution is defined as:
I
Ay = —logyo (g) =1-c & = 1%5(ci " &), ®3)

wherelp andl are the intensity of the incident and transmiligilat, respectivelyl the absorbing path lengihthe concentration
of absorbing species in solution ands the wavelength dependent molar extinction é¢oieffit. The resulting data was then

converted to the aqueous light absorption coefitchbs..
Absy[Mm™] = (43 ~ Aggo) 3+ In(10). (4)

whereAggo is the reference wavelength to account for anglbasdrift, Vv, is the volume of water used for extraction (10 mL)
Vais the volume of air passed through the filted Br{10) was used to convert the common logaritbhma hatural logarithm.
The path length | was either 2 or 5 cm.

Abs, is the light absorption coefficient of the aqueentract solutions and is not to be mistakenbfgg the light absorption
coefficient of ambient particles. This nomenclatwaes chosen in accordance with other studies (Lal.£2013a, 2015).

Using the mass concentration of WSOC (in u§),iMAE was calculated by:

Abs)
[wsoc] ®)

MAE[m?g™1] =

The molar extinction coefficient at 370 nearo, was determined for each target compound by piregpar dilution series of
standard compounds in water. Subsequently, a ffoEe curve was recorded twice. According to theBeambert—Law,
the slope of the regression in an absorbance—ctatien—plot is proportional ta. The molar extinction coefficients for each
compound under acidic and alkaline conditions aesgnted in Table S2.

In other studies dealing with aqueous extracts, vhses were given for 365 nm (e.g., Bosch ef8l14; Cheng et al., 2011;
Hecobian et al., 2010). We chose 370 nm to chaiaetthe aqueous extract light absorption propettematch the 370 nm

channel of the Aethalometer.
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2.5 Calculation of the contribution of nitrated aromatic compounds to light absorption of agqueous ex#cts and

particulate brown carbon

The contribution of the target compounds to theeags extract light absorption was computed by fiadtulating the
absorbance of the single compound using Eq. (3)thed determining the percentage on the total agueolution light
absorption.

To assess the contribution of the NACs to partieuBrC light absorption at 370 nm, the molar extot coefficient of each

compound was converted to the liquid phase molealdsorption cross sectitiy, (Jacobson, 1999):
biiqlcm®*molecule™] = 1000 ln(lo)sl\sll o
A

whereN, is the Avogadro constant and In(10) is used tovedrthe common logarithm of the molar extinctiarefficient
(base 10) to the natural logarithm. The M#d of each compound was then calculated by dividindoy the mass of one
molecule. The subscript “comp” denotes the spec@impound. If the MAEmp and the mass concentration in air of the
compound are knowtapss compOf the single compound in ambient particles candleulated by the following equation:
Baps.comp = MAEcom * [comp] )

where [comp] is the mass concentration of the camgan the aerosol.

By knowing babs,compandbaps erc, the relative contribution of the individual compmbion the particulate BrC light absorption

can be calculated.

3. Results/Discussion

3.1. Optical properties of water-soluble and partialate brown carbon

In the following section, the general optical prafgs of water-soluble and particulate BrC are enésd. Optical properties
of water-soluble BrC (represented by the aqueotsaexlight absorption) are given as M&Eand the aqueous light
absorption coefficient (Absy). Particulate BrC was characterized by the pdeteuight absorption coefficienbfys 379 and

the AAE. The results of the optical properties summarized in Table 2.

3.1.1 Influence of acidic and alkaline conditionsmthe mass absorption efficiency and the aqueouglit absorption

coefficient

Values for MAE and Abs have usually been directlyived from filtered aqueous filter extract withaainsidering the pH of
the solutions (e.g., Bosch et al., 2014; Chend.eR@11; Hecobian et al., 2010). However, depemdin the nature of the
absorbing species, pH alters the absorptivity. &liil. (1987,1990,1991) showed for NPs that theionic form is a much
stronger absorber than their neutral form. Morep¥er absorption maximum shifts towards longer envgths under alkaline
conditions. The dissociation in a solution depeadghe pk value of the compound and at different pH levefiecent
mixtures of neutral/ionized compounds exist. Gelherambient particles are estimated to be mordia¢pH<4, Scheinhardt
et al., 2013), making the findings under acidicdibans more relevant for ambient conditions. HoagWinrichs et al. (2016)
reported, that NPs adsorbed to a particle surfalibi¢ a significant red-shift similar to the aquesdight absorption spectrum
of their deprotonated form. Hence, under certamddmns the deprotonated forms can also be imptrta

Comparing alkaline and acidic conditions, strongelations have been found for Abs, MAE and thatre¢ contribution of
the individual compounds to Abs over all campaiffRs> 0.93, see Fig. S3). On average, Abmicreased by a factor of 1.4
and MAE by a factor of 1.6 under alkaline condis@mompared to the acidic conditions. As indicatgthle good correlation,
this factor is quite consistent and independethefmeasurement site.

The molar extinction coefficient at 370 nm increasdth pH for the individual compounds (see Taki?. & higher pH leads
to deprotonation of hydroxyl and carboxyl groupdiich may lead to a shift of the absorption maximiawards longer

wavelengths. The light absorption of the aqueousaets is a sum of many different light absorbipg@es. Therefore, the

7
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relative contribution to the aqueous extract ligihsorption for individual compounds is affectedatiéntly. For example, the
relative contribution of 3NSA and 2,6DM4NP to Alsdecreases at pH 10. No difference in the coniobub Abs7e was
observed for SNSA. The highest increase in thermrtton to Abszowas found for 2,4DNP with a factor of 6.8. The eved
differences in the contribution to Absare related to both the molar extinction coeffitjavhich alters with the pH, and the
composition of the solution. A decrease in thetigacontribution to the light absorption at highm is most likely due to
greater contributions of other, now overlappindptighsorbing compounds at this specific wavelength.

The increase of Alg with higher pH is relatively modest (a factor oilcompared to the increase of the molar extinctio
coefficient of individual NACs (an average factd”db). This might indicate that the absorptiongedies of the majority of
light absorbing compounds are little affected by piH. These findings are only valid for the invgated wavelength of 370
nm and are likely to differ over the whole specteaige.

Due to the close relationship between MAE and Abden alkaline and acidic conditions, only the valdier the acidic
conditions are discussed in the following sectiSadt. 3.1.2), while both of them are always dispthin the Figures and
Tables.

3.1.2. Mass absorption efficiency and aqueous lighbsorption coefficient of water-soluble brown carlon

The temporal evolution of ABmand MAEszfor each measurement sitiee shown in Fig. 1. The highest mean MAkvalues
were found for the campaigns Melpitz (winter, 0.86@8 n* g*) and TROPOS (winter, 0.84+0.2¢ o) followed by Wangdu
(summer, 0.55+0.15 fng?) and Xianghe (summer, 0.38+0.06 g'). The lowest values were observed under summer
conditions in Germany, where the values for thepgilel(summer) campaign slightly exceeded the MAkobserved at the
Waldstein (summer) campaign (0.22+0.03gw over 0.17+0.03 thg?). Measured MAEyoa values for China are in the same
range or slightly lower than values reported ireotudies. For instance, several studies wereumbed in Beijing in summer,
where Cheng et al. (2011) determined an average BIAE7 nt g, Du et al. (2014) found 0.5%g* and Yan et al. (2015)
observed 0.7 Ag? (all values determined at 365 nm). The findingstfier TROPOS (winter) and Melpitz (winter) campaigns
suggest regional behavior and are comparable &rodd MAES from urban sites in the US (Hecobiaal 2010), 0.47-0.87
m? g annual meamletermined at 365 nm). Low MAE values, similarhe bbserved MAEs at the Melpitz (summer) and
Waldstein (summer) campaigns, have been foundtatnuand rural sites in the U.S. (0.21 and 0.22y respectively,
determined at 365 nm) when the concentration afdkicosan was low (<50 ngh Although the average Abgais similar

for the campaigns of Wangdu (summer), TROPOS (wited Melpitz (winter) (4.64, 3.92 and 4.13 Mmmespectively), the
observed mean MAdoa for the Wangdu (summer) campaign is lower, indincpthat despite higher concentrations of OC
and WSOC during the Wangdu (summer) campaign (ab&eT53), fewer light absorbing compounds weregmies

A correlation between levoglucosan and Abwas found during the TROPOS (winter) campaigh<£®.8), and during the
BB episode of the Wangdu (summer) campaigh<£R.9), when BB aerosol was abundant (see FigTis correlation
suggests that BB aerosol is a major contributdhécaqueous extract light absorption. The connedigiween BB and light
absorbing BrC was also observed in a number ofr ctfuglies (e.g., Desyaterik et al., 2013; Hoffealet2006; Lack et al.,
2013; Mohr et al., 2013). During non-BB episodeshef Wangdu (summer) campaign and the Xianghe (®rntampaign,
only a weak or no correlation at all was observetiveen levoglucosan and Ahks(see Fig. 2). This indicates the presence of
sources for light absorbing compounds other thareB®sols. A decay of levoglucosan more rapid thardecay of NACs
might also be a cause for this observation (Hofimetnal., 2010).

Regarding seasonal differences, the aqueous ekggatabsorption was much lower in summer compaoedinter samples.
This is a general trend, observed at many measutesites (e.g., Du et al., 2014; Hecobian et &l1® Kim et al., 2016).
Kim et al. (2016) suggested that this is eitheraloise the amount of emitted BrC is much higher dwimter or that summer
BrC is less water-soluble. By comparing aqueougaektight absorption to ambient particle light alition measurements

this issue will be further explored and discussethe following section.
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3.1.3 Particulate light absorption coefficient andabsorption Angstrém exponent of particulate brown arbon

The temporal evolution of the measured particuliget absorption coefficienbass at 370 nm as well as the determined
contributions of particulate BrC and BC to the tighsorption at 370 nm are shown in Fig. 3. Noraiadj the determinedak
for particulate BrC by the according OC contentegithe mass absorption efficiency for BrC in thetipia (MAEs7o, src,
paricie). The temporal variation of MAdz, erc, paricidS displayed in Fig. S4. The AAE (as campaign age) obtained by fitting
over all Aethalometer wavelengths was 1.5+0.1 a2d@.3 for the campaigns TROPOS (winter) and Weldstsummer),
respectively. An AAE close to one indicates that B@he dominant species (Kirchstetter et al., 200#e increased AAE
values indicate that BrC plays a larger role fa& TROPOS (winter) campaign than for the Waldstsinmmer) campaign,
where its contribution is minor.

During the BB influenced TROPOS (wint@@mpaign, the mean totals szowas 54 Mm'. Particulate BrC contributed about
40 % to the overall light absorption at 370 nm andaverage MAEo, arc, paricieOf 1.95 nd gt was calculated. The influence
of BB on the light absorption of ambient particless also been observed in other studies. For iestdfirchstetter and
Thatcher (2012) estimated that the contributioBid® to the light absorption of wood smoke is 49 étolav 400 nm from
samples collected in wintertime California (U.S4ohr et al. (2013) found a BrC contribution of 46t&®aps s70at a UK site
that was highly influenced by BB. Our findings dr tcontribution of BrC ttaps, 37oduring the TROPOS (winter) campaign
are consistent with these earlier measurementsligiteabsorption was observed to be higher foteghsair masses than
those from the west, a trend also seen in the Néwi@entrations of the TROPOS (winter) campaign &eet. 3.2). Easterly
winds were often accompanied by lower temperatoréisermal inversion layers or both. Therefore hkigconcentrations of
light absorbing compounds (and higher particuligtiet labsorption) might be a result of both, incezhemissions (locally and
in the source region) and lower dispersion of afisgrpollutants due to the thermal inversion layer.

In contrast, the light absorption of aerosol p&tovas much lower during the Waldstein (summempaign with a mean
total baps 3700f 6 ML, @ MAEs70, &rc, particieOf 0.21 n? g and a BrC contribution to the particulate lighsaiption of about
15 % at 370 nm. The measurements at Waldstein fwhisurrounded by a mixed forest) were carriedroatsunny summer
period when high biogenic emissions would strorigluence the results. Several laboratory studesehshown that the
formation of light absorbing compounds from biogemiecursors is negligible (e.g., Liu et al., 2018bkayama et al., 2010;
Song et al., 2013). However, a few studies haveyestgd that BrC might be formed in the presenchiglfi ammonia
concentrations (Flores et al., 2014; Updyke eR&i1,2) or from isoprene epoxydiols (IEPOX, Lin kbt 2014). Findings from
field measurements in the Amazon Basin confirmeu tie light absorption by biogenic aerosol is migeter than the light
absorption of BB aerosols or BC (Rizzo et al., 20Cbmpared to the TROPOS (winter) campalggfor BrC is very small
for the Waldstein (summer) campaign, with an avemfg0.94 Mm' compared to 21.8 Mt Our findings corroborate those
of Rizzo et al. (2011) and laboratory studies stathat biogenic aerosols alone produce only samatlunts of light absorbing
compounds.

The relative contribution of light-absorbing WSO&particulate light absorption can be estimate@dyylying a conversion
factor. Based on Mie theory calculations, Liu et(@8D13a) suggested a factor of two to convertatpeeous extract light
absorption coefficient (Abs) into the particulatght absorption coefficienbfs,9. The temporal variation of the fraction of the
converted Abgo to the particulate BrC light absorption is givenkig. S4. For our data, a good agreement betwesen t
Waldstein (summer) average Ahg (0.51 Mm'x 2) and the Waldstein (summer) averagg s7o,s:d0.94 Mm') was achieved,
suggesting that the observed particulate light gdtem is mainly associated with water-soluble comnpds during this
campaign. For the TROPOS (winter) campaign, doglie average Absa gives a value of 7.8 M which is still much
lower than the averag®ps s70,8rc(21.8 Mm?). Thus, a large fraction of non-water-soluble Gkely exists as well, that is

highly light absorbing at 370 nm.

3.2. Concentrations of nitrated aromatic compoundsinder different atmospheric conditions
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This section presents an overview and a compan$dine NAC concentrations for all campaigns. Tablsummarizes the
measured concentrations in comparison with othaties at similar locations. The results of the terapvariation of the
target compounds for each campaign are displayédirl.

A general concentration trend of 4ANP > 3M4NP > 2N#M4N 2,6DM4NP > 2, 4ADNP > 3,4ADNP and 3NSA > 5NSA was
observed for all campaigns of the present studyigimdgood agreement with findings from most otsteidies. Regarding the
sum of NPs, the mean concentrations were highestglthe TROPOS (winter) campaign (14.0 ng)nfollowed by the
Melpitz (winter) campaign (11.1 ng" These concentrations are a factor of 3 to 1@drighan those observed during the
campaigns Wangdu (summer) and Xianghe (summern@m® and 1.4 ng m, respectively). During the Melpitz (summer)
campaign, the NP concentration was 100 times |¢asearage of 0.1 ng M than during the Melpitz (winter) campaign. For
the sum of NSAs, the highest mean concentratioms feeind at the Wangdu (summer) campaign (4.8 ripfollowed by
the campaigns Xianghe (summer) and TROPOS (witagerage of 2.2 ng ¥y each). Average concentrations for NSAs of
1 ng m® were observed at the campaigns Melpitz (wintérnty m®), Waldstein (summer, 0.4 ng3nand Melpitz (summer,
0.2 ng nv).

A clear seasonality can be seen in the data frerG#rman sites. The observed concentrations odiffezent species are
generally lower in summer than in winter becausgestturces of NACs are stronger during winter anmgegly connected to
polluted air, as discussed in the Sect. 1.

The campaigns Melpitz (winter) and TROPOS (wintgere carried out in the same period and the twes sire directly
comparable due to their geographic proximity. Comdions of the NACs are in the same range at bipéts and show a
common pattern. Two periods with concentration mmaxivere found. The first period occurred aroundl@duary and the
second peak was around 30 January, 2014 (see,Ragarid b). Both periods are characterized by |dnegaeasterly winds
and shorter mean lengths of 96-hour back trajextofih contrast, air masses during other periodgnated from the south
west and had longer trajectories and increasedarse times over the Atlantic Ocean. Higher correéiphs of PM and many
of its constituents with easterly winds are oftbserved at Melpitz (Spindler et al., 2010). Thegloesidence time above the
continent results in increased concentrations dfifamts in those air masses. Furthermore, as idbestin Sect. 3.1.3, the
temperature was generally lower when the air maggnated from the east, which likely led to highemissions from
residential heating botlocally and in the air mass source regions.

The campaigns Melpitz (summexid Waldstein (summer) were also conducted indhgegime period. The concentrations
of NSAs are comparable at both sites (0.01-0.5indgand are very low compared to the winter measunésn&lPs were
not analysed from the Waldstein (summer) campasgexalained above.

Day and night samples were collected during thepzdgms TROPOS (winter), Waldstein (summer), Xian(tuenmer) and
Wangdu (summer). Nighttime concentrations of thm i NACs were found to be slightly higher thanidgrthe day (not
statistically significant at 95 % confidence levehhe lower daytime concentrations are probablyseduby the higher
boundary layer heights during the day, i.e. dilndfects, and/or lower emission/formations ratesd) daytime or photolysis
processes.

The sum of all target compounds at the TROPOS énimampaign was only weakly correlated with lewagksan (R=0.47,
Fig. S5), indicating that BB was not the dominamirse of NACs during the campaign. As mentionedvabthe formation
or decay processes of levoglucosan and NACs miglveby different, which resulted in no correlatmirthose species. It is
also known, that the sources of NACs are very diz¢see Sect. 1).

At the Wangdu (summer) campaign, a BB episode wasrwed between 11 June and 19 June (see Figndifjated by a
peak in measured levoglucosan concentrations. Buhiat period, increased concentrations of NACsvieund. Although
the NAC concentration generally increased withéasing levoglucosan concentration, no clear coimrebetween NACs
and BB aerosols was found. For the Xianghe (sumo@rpaign, levoglucosan concentrations (averad®®fg nv) were

lower than for the Wangdu (summer) or TROPOS (w)jrdampaign, suggesting that BB played a minor ablhis site during
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the time of measurements. No correlation was fdagtdveen the sum of NACs and levoglucosan. Thisigaphat BB was
neither the major source of NACs in the Wangdu (®em nor in the Xianghe (summer) campaign. It veasfl that NACs
can be a product of the photochemical processingntdfropogenic volatile organic compounds (Jaouile2008), which
might be a possible source for NACs at the Chiséies besides BB.

NACs seem to be ubiquitous and are found at e&elnsmeasurable amounts although they are higirigble at the different
measurement sites. The sum of NAC concentratiotheatifferent campaigns followed the order TROR®@i8ter) > Melpitz
(winter) > Wangdu (summer) > Xianghe (summer) > #8tdin (summer) > Melpitz (summer). This trend rhiggaconsidered
surprising, since the average RMnd OC values were higher at the Chinese sitesdhthe German sites (see Table S3).
However, the seasonality and influence of BB adresems to play a large role for the NAC conceitratesulting in lower

concentrations at the Chinese summer sites thidwe &erman winter sites.

3.3. Contribution of nitrated aromatic compounds towater-soluble and particulate brown carbon

In this section, the contribution of NACs to theuaqus extract light absorption and then the coutiobh of NACs to the
particulate BrC light absorption are discussed. fidiative contribution of NACs to Abs is shown in Fig. 4 together with
the contribution of NACs to the WSOC concentratibable 2 summarizes the contribution of NSAs and MPaqueous
extract light absorption (Abs) and particulate Bigbt absorptionlf.,g. The focus is on the relative contribution to Sggieous
extract light absorption at the wavelength of 3%@to match the 370 nm channel of the Aethalomdtergive additional
information, the relative contribution of NACs td# (acidic conditions) over a spectral range of 80800 nm is presented
in Fig. 5 as their campaign averages.

The relative NAC contribution to Abs varied greatly across the different sites, randnogn 0.02 to 4.41 % for acidic
conditions and from 0.02 to 9.86 % for alkaline dibions. This result likely reflects the dependenE®&AC source strength
on location and seasonality. The maximum contrdyutif NACs to Absg,o was found for the TROPOS (winter) campaign.
The contribution of NACs to Alg was low for the campaigns Waldstein (summer) aetp¥ (summer). For the Waldstein
(summer) campaign, a mean contribution of 0.15 étd{@ or 0.13 % (alkaline) was observed. Averagtugs of 0.13 %
(acidic) and 0.24 % (alkaline) where obtained friv@ Melpitz (summer) campaign. This result is nopsising, due to the
low influence of BB aerosols or traffic and thus/IblJAC concentrations. A recent study by Nguyenle2@13 suggested the
formation of BrC from ketoaldehydes derived fronad®nic monoterpenes in the presence of ammonium ibinus, this
reaction may play a role in regions with highetuehce of biogenic emissions and might be one espian for the observed
absorption at the Melpitz (summer) and Waldsteim(sier) campaigns. The formed species were suggasteshsist of
conjugated aldol condensates, secondary iminesignodien containing heterocycles, The results lier Xianghe (summer)
and Wangdu (summer) campaigns are about half theevaf the TROPOS (winter) or Melpitz (winter) gaeigns. This
shows, that NACs in the present study had a mugtehiimpact on the light absorption propertiesmythe German winter
campaigns than during the Chinese summer campaighidicates that other compounds play a larderingparticle light
absorption at the Chinese sites. More studies aegled to resolve the molecular identity and aburelai these light
absorbing compounds.

The relative contribution of NACs to Abs is wavealéimdependent. Under acidic conditions, the coutidim of NACs to the
aqueous extract light absorption increases towamsr wavelength, reaching a maximum that was fawnglenerally lie in
the range of 330 - 350 nm (see Fig. 5). Moreoveam be seen that maximum values differ for irdlial compounds. Under
alkaline conditions, this maximum shifts towarde tlange of 400 - 420 nm (see Fig. S6). As statedalthe results for
acidic conditions are likely to be more atmosptalycrelevant. Therefore, a higher influence of N\A@wards shorter
wavelengths suggests that they can be more impartaerms of their influence on atmospheric phbtmistry, e.g. ©

photolysis (Jacobson, 1999).
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The relative mass contribution of NACs to the WS€@centration at the different campaigns follonessame pattern as the
contribution of NACs to the aqueous extract lighs@ption and also the same pattern as the NACetdrations (see Sect.
3.2 and Fig. 4). The highest mass contributiondA€Cs were found during the TROPOS (winter) campddiowed by the
Melpitz (winter) campaign, and lowest values welbseyved for the campaigns Waldstein (summer) anigitdgsummer).
The average mass contribution of NACs to WSOCsds than 0.2 % at each site. In contrast, NACs hawean contribution
to aqueous extract light absorption of 1 %, which factor of five larger than their mass contifiuto WSOC. Our results
corroborate the findings of other studies, whicbvglthat even small amounts of light absorbing conmpis can significantly
impact the light absorption properties of particles a result, a detailed investigation of the roolar composition of BrC is
important (Kampf et al., 2012; Laskin et al., 2Q15)

The correlation between NAC concentrations andsAtisr each campaign is displayed in Fig. 6. Theaation is good for
the TROPOS (winter) and Melpitz (winter) campaiBA+0.7, each) and weaker for the Wangdu (summer) ammgR=0.6).
No correlation was found for the campaigns Xianfghenmer), Melpitz (summer) and Waldstein (summiergeneral, the
presence of high NAC concentrations also indichtgher values for Absy than at sites with lower NAC concentrations.
However, due to the diverse sources and sinks faagobleaching (Zhao et al., 2015)) of NACs an@ BYACs cannot be
considered as the only tracers for BrC for verfedént atmospheric conditions.

The average contribution of NACs to particulate Bight absorption, was found to be 0.10 % for thaldlgtein (summer)
campaign and 0.25 % for the TROPOS (winter) campfogthe protonated forms, and 0.13 % and 1.18%pectively, for
their deprotonated forms. The contribution durihg Yaldstein (summer) campaign is similar for thaemus extract and
aerosol light absorption, which is consistent with assumption discussed above that the obsegtadalbsorption is mostly
derived from WSOC and no further water-insolubl€Bvas present at this site.

To the best of the author’'s knowledge, up to noly omo other field studies have determined the @bation of individual
compounds to BrC light absorption. Zhang et al.1@0estimated the contribution of eight NACs to equs extract light
absorption in Los Angeles to be about 4 % at 365 while Mohr et al. (2013) estimated a NAC conttibn of 4 % to
particulate BrC light absorption at 370 nm at aiBfuenced site in the U.K. The findings from Zhaetgal. (2013) are in the
same range as our findings for the TROPOS (wirdanmpaign (for Absg), whereas the estimated contribution of NACs to
particulate BrC light absorption by Mohr et al. {3) is a factor of 16 larger than our observed rdoutions. One possible
reason for this discrepancy is that the mearns.c measured in the present study is about twice dsdggpbserved by Mohr
et al. (2013) (10 M) while the concentrations of NACs are in the saamge in both studies. Moreover, Mohr et al. (2013)
considered a different suite of NACs than the preséudy. Another important point is that the cédtion by Mohr et al.
(2013) used values based on the absorption maxinizeandividual species, which usually lie below03nm (for their
protonated form). In contrast, in the present stilndymolar extinction coefficient of each compouvas directly determined
at 370 nm. When calculations were made based aasbdmrption maxima of protonated NACs, an averagéribution to the
particulate BrC light absorption of 1 % was found the present study, i.e a factor of four higtemtthe calculation at 370

nm.

4. Conclusions

In the present study, the contributions of eight@$Ao the light absorption of aqueous particleaots and particulate BrC
were determined in Germany and China at five messent sites under six different atmospheric cooliti

The effect of pH on the aqueous extracts light giigmn was investigated. Absorption of extract8 &b nm, Absyg, increased
by a factor of 1.4 and MAE by a factor of 1.6 whba pH was increased from 2 to 10. A general seddmmnd of MAE7o
and Absyo being higher in winter than in summer was obserwduch is in agreement with other studies. The MAtiues
during winter times impacted by BB in Germany extaskthose of the Chinese background stations dstungmer. Very

low MAE andbaps srowere observed at the forest site Waldstein in samimdicating that freshly emitted biogenic aetsso
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are only weakly absorbing. In contrast, a stromati@nship was found between the light absorptimpprties and BB aerosol
concentrations, corroborating findings from othteidges. An average contribution of particulate Bo®aps 3700f 46 % was
observed during the TROPOS (winter) campaign anth thiring the Waldstein (summer) campaign. The AARarticulate
BrC was found to be 1.5 and 1.2 for the campaidR®FPOS (winter) and Waldstein (summer), respectively

The relative contribution of NACs to the aqueousaot light absorption was highly variable depeigdim the measurement
site, ranging from 0.02 % to 4.41 % under acidinditions and 0.02 % to 9.86 % under alkaline coodg. This indicates
that the emission strength of light absorbing conmats and the composition of BrC differed betweendites. In addition,
the formation and decay processes might be vefgrdift in the respective environments. The meatribation of NACs to
the particulate BrC light absorption was 0.10 %idiacconditions) and 0.13 % (alkaline conditionsridg the Waldstein
(summer) campaign and 0.23 % (acidic conditions) a5 % (alkaline conditions) during the TROPO$ter) campaign.
A correlation between the NAC concentration andsAbsas observed during the campaigns TROPOS (wiatat)Melpitz
(winter), at other sites the correlation was weakan-existent.

The mass contribution of NACs to WSOC was five srf@ver than their contribution to the aqueousaettlight absorption.
This corroborates conclusions of other studies #nan small amounts of light absorbing compounds bave a
disproportionately high impact on the aerosol lighsorption properties (Kampf et al., 2012).

Field studies on the molecular composition of Br€ still scarce, especially for sites that haveondittle influence of BB
aerosols. Therefore, more efforts are needed tsa$C on a molecular level, since a deeper kripel®f the present light
absorbing compounds can improve the understanaidgeediction of BrC aging processes and its radidbrcing (Laskin

et al., 2015). A further investigation of BrC conymals may also result in finding tracer compoundsgecific BrC sources.
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Table 1.Overview over sampling sites, used terminology, @arg period, sampling duraticand according atmospheiconditions during the sampling perior

Sampling site

Designatior

Geographic

coordinates

Sampling period (samgling duration Comments

per filter)

German

Roof of the Leibniz TROPOS

Institute for Tropospheric (winter)

Research, Leipzig

51.35°N, 1243 °

24 January to 08 February 2( (12 h, Urban bickground, strondnfluence of biomass burnii
day ,06:00-18:00 LT, and night ,18:00-aerosol during measurement period (van Pinxtereh et
06:00 LT) 2016)

Melpitz 24 January to 04 February 2( (24 I,
) (winter) 00:00-24:00 LT) .

Melpitz ] 51.53 °N, 12.93 °E Rural background (Spindler et al., 2010)
Melpitz 16 July 2014 to 25 July 20: (24 F.
(summer) 00:00-24:00 LT)

Bavarian Fichtel Mountait  Waldstein 50.14 °N, 11.87 ° 16 July to 25 July 201(11 h, da, 07:0 BayCEER Waldstein observatory-BEACH campaig,
(summer) 18:00 LT, and night, 19:00-06:00 LT) surrounded by forest, high local biogenic emissions

(Plewka et al., 2006)

Ching

Xianghe Xianghe 39.75°N, 116.96 © 09 July to 14 July and 21 July 2013 to CAREBeijinc-NCP 2013 campaigr(Kecorius et al.
(summer) August 2013 (12 h, day, 06:00-18:00 LR015), rural background, urban outflow

and night, 18:00-06:00 LT)

Wangdt Wangdu 38.71°N, 115.13° 04 June to 24 June 2C (12 h, da, CAREBeijingc-NCP 2014 campaig rural background

(summer) 06:00-18:00 LT, and night, 18:00-06:0®iomass burning episode occurred during the

LT) measurement period (Kecorius et al., 2016)
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Table 2. Optical properties and calculated contributioma&{Cs to the light absorption of aqueous extract$ garticulate BrC. The values are given as: minimum

maximum (meanzstandard deviation). Acidic condii@ne indicated by the letter “A” and alkaline citioths are indicated by the letter “B”. Highest dod/est mean

values for each category are marked in bold.

Melpitz (summer)

TROPOS (winter)

Melpitz (winter)

Xianghe (summer)

Wangdu (summer)

0.57-1.34 (0.84%0.2¢
0.86-1.78 (1.1920.3(
0.16-0.30 (0.22+0.0%

0.27-0.43 (0.31+0.0¢

0.35-8.96 (3.91+2.4¢
0.69-14.5 6.8(+3.94)
0.41-1.30 (0.84+0.2(

0.8€-2.21 1.4%0.29;

4.13-129.4 54.2£34.07,

1.2554.4 21.8£14.2)

1.75-10.6 (4.13+2.5]
3.26-15.2 (6.63+3.5C
0.52-1.79 0.8€+0.33]

0.84-2.57 (1.37£0.4¢

0.82-4.68 (2.02+0.81
1.2(-9.07 (3.16x1.5(C
0.3C-0.52 (0.38+0.0¢

0.341.15 (0.590.1¢

1.1C21.8 ¥.644.16)
1.87-27.2 (6.6525.5¢
0.31-1.01 (0.5520.1¢

0.4¢-1.40 (0.81+0.21

Waldstein
(summer)
Optical properties
Absz7oa [Mm 1] 0.21-0.70
(0.51+0.11)
Abszzos [MmY] 0.631.15
(0.8&+0.13)
MAE 3704 [M? g} 0.1¢-0.25
(0.170.03)
MAE 3708 [M? gY] 0.24-0.36
(0.2¢+0.03)
bab5370[M m 'l] 3.72-8.59
(6.2=1.33)
Babs370,0c[Mm 1] 0.62-1.69
(0.94+0.28)
Contribution to light absorption [%]
NACs to Abss7oa 0.02-0.33
(0.15+0.10
NACs to Abss7os 0.02-0.25
(0.1=0.03)
NACS to babsz70,8rc 0.01-0.22

(A) (0.1C+0.06)
NACS to babs,370,81C 0.02-0.31
(B) (0.12£0.09)

0.06-0.22 (0.13+0.05)

0.10-0.48 (0.24+0.12)

0.05-4.22 (1.2140.82)
0.97-9.71(3.35£2.04)
0.01-1.12 (0.25+0.21)

0.01-5.42 (1.12+1.09)

0.152.0 (0.87+0.57)

0.47-5.00 (2.48+1.45)

0.04-1.32 (0.46+0.24)

0.21-2.85
(0.1.02+0.0.54)

0.24-1.82 (0.56+0.31)

0.56-4.44(1.34£0.72)
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Table 3. Measured concentrations of nitrophenols and niratdicylic acids for each campaign in comparisoother studies. The ncentrations are given as: minim-
maximum (meanzstandard deviation).
Location Concentration in ng nt® Reference
4ANP 2M4NP 3M4NP 2,6DMANF 2,4ADNF 3,4ADNF 3NSA 5NSA
Europe
TROPOS (winter), Germany, Je-Feb 201. 1.0&27.2 0.75-12.3 0.5(-8.58 0.11-2.29 n.d n.d 0.01-3.72 0.022.95  This stud)
(7.09+7.08 (3.64+3.09 (2.60+2.22  (0.65+0.58 e = (1.36+1.02  (0.94+0.75
Melpitz (winter), Germany, Je-Feb 201. 0.51-10.3 0.2¢-8.90 0.156.40 0.04-2.74 0.003-0.01 n.d 0.0¢-2.30 0.060.77  This stud)
(4.09+3.27 (3.64+3.06 (2.44+2.20 (0.91+0.90 (0.01+0.00; e (0.66+£0.69  (0.32+0.24
Detling, UK, Jar-Feb 201. (0.02) (5.0 ) (3.0 (3.0 z\ggg;gt al.
Ljublijana, Slovenia, Dec 2010 to Jan 2! 0.53.7 0.31-1.5 0.251.2 0.02-0.05 0.1-3.9 0.2-34 Kitanovski
(1.8) (0.75, (0.61) ) (0.02) i (1.3) (1.4) et al. (2012
Mainz, Germany, Winter2006/20 (5.5¢ ) ) ) ) _ ) ) Zhang et al
: (2010’
Rome, Italy, Feb to Apr 20( Cecinato e
(17.8) - (7.8) (5.9) - - - - al. (2005
Hamme, Belgium, winter 2010/20 0.92-3.0 Kahnt et al.
(1.19® ) ) ) ) ) ) ) (2013
Melpitz (summel)), Germany, Jul 20 0.01-0.12 0.05-0.04 0.02-0.03 nd nd nd 0.07-0.42 0.00.24  This stud)
(0.06£0.03  (0.04+0.00  (0.03+0.00 o o o (0.17£0.15 (0.09+0.09
Waldsteir (summer, German, Jul 201+ 0.01-0.35 0.060.51  This stud)
i i i i i i (0.17+#0.11  (0.23%0.12
Ljublijana, Slovenia, Aug 20! 0.12-0.17 <0.0%0.05 <0.03 ) <0.01 ) 0.0€-0.12 0.140.24  Kitanovski
(0.15) (0.05) : : (0.09! (0.09! et al. (2012
Mainz, Germany,ummer 200 2.8¢ i i i i i i i Zhang et al
) (2010
Hamme, Belgium, summer 2010/2( 0.17-0.62 Kahnt et al.
(0.297 i i i i i i i (2013
China
Xianghe (summer, China JukAug 201: 0.1%4.49 0.01-0.85 0.0040.46 0.01-0.23 2.00104-0.10 0.0040.17 0.1%8.99 0.11-2.70  This stud)
(0.98+0.78  (0.32+0.21  (0.09+0.07  (0.06+0.05 (0.02+0.03  (0.03+0.04 (1.21+1.45 (0.88+0.64
Wangdt (summer, China Jun201. 0.55-15.0 0.01-4.35 0.01-2.03 3.54104-0.47 0.00z0.41 0.003-0.02 0.37-11.3 0.433.27  This stud)
(2.63+2.66  (0.68+0.78 (0.21+0.35 (0.06+0.09 (0.08+0.10 (0.01+0.01  (3.14+3.05 (1.63+0.78
‘. <
Hong Kong, summer 20-20172 0.3) ©0.2) (0.02) (0.009) i i i i E:Z%Civg‘et al.

a estimated from graph

b sum of corresponding m/z ratios, including allhigrs
¢ Concentrations are given as the average of tteaesy

n.d.: not detected
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Figure 1. Temporal variation of the concentrations of nitdatromatic compounds and levoglucosan (Levo) ah eac
measurement site (a-f) and their optical properfid®e aqueous light absorption coefficient (Abs)l anass absorption
efficiency (MAE) are given at 370 nm for acidic ditions (indicated by the subscript “A”") and forkaline conditions
(indicated by the subscript “B”).
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Figure 2. Scatter plot of the aqueous light absorption ¢oieffit Abs;zo with levoglucosan concentration for the campaign)s
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Figure 3. Tempora evolutionof the particulate light absorption coefficidngs at 370 nm derived from the Aethalometer
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Figure 4. Top and center: Contribution of the sum of NACdhe aqueous extract light absorption at eachusiteer acidic
(a) and alkaline (b) conditions. Bottom: Mass citmitions of the sum of NACs to the WSOC (c).
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Figure 6. Scatter plots of the sum of NACs concentrationth whie aqueous light absorption coefficient &bgor each
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